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Preface


The goal of the fourth edition (and all editions of the textbook) has been to create a practical, clinically useful, and user-friendly textbook encompassing the breadth of the field of physical medicine and rehabilitation. This continues to be a moving target because the field is dynamic. New treatments constantly come on the scene, and pioneering physiatrists are consistently expanding the field by reaching out to new areas of patient care.


Feedback from readers indicates that one of the reasons the first three editions enjoyed worldwide popularity was their readability. In this edition I have made every effort to make the book even more readable and to maximize “reader efficiency.” A sincere effort has been made to write and edit the book in such a way that the reader can learn the “most per minute.”


Thanks to our friends at Elsevier, the fourth edition has additional upgrades in production values. The majority of the illustrations are in color. The website has additional information to enhance that included in the book, including multiple-choice self-assessment questions for each chapter. These questions will help readers determine how well they have mastered the material. The website for this edition will provide important updates as they become available. The website is now available at no additional cost to all who purchase the textbook.


The book is again divided into four major sections. Section 1 discusses the evaluation of patients typically seen in the practice of physical medicine and rehabilitation (Chapters 1 to 11). Section 2 examines treatment techniques and special equipment used in this field (Chapters 12 to 25). Section 3 discusses the therapeutic issues and problems commonly seen in the practice of physical medicine and rehabilitation (Chapters 26 to 35). Section 4 covers specific diagnoses faced by the physiatrist both in physical medicine and in rehabilitation (Chapters 36 to 61).


It is true that one could write an entire book about the topic of each of the chapters in this text. One of the tasks of the authors and editors was to take the huge body of information that now comprises the field of physical medicine and rehabilitation and condense it into a textbook of reasonable size. The fourth edition has been carefully edited to still fit into one volume, and we have been able to use the massive publishing resources and efficiencies of Elsevier to overcome inflationary pressures and actually slightly lower the price. As with the first three editions, we welcome comments, suggestions, and constructive criticism from members of the physical medicine and rehabilitation community and from all readers.
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Chapter 1 The Physiatric History and Physical Examination




Michael W. O’Dell, C. David Lin, André Panagos





The physiatric history and physical examination (H&P) serves several purposes. It is the data platform from which a treatment plan is developed. It also serves as a written record that communicates to other rehabilitation and nonrehabilitation health care professionals. Finally, the H&P provides the basis for physician billing16 and serves as a medicolegal document. Physician documentation has become the critical component in inpatient rehabilitation reimbursement under prospective payment, as well as proof for continued coverage by private insurers. The scope of the physiatric H&P varies enormously depending on the setting, from the focused assessment of an isolated knee injury in an outpatient setting, to the comprehensive evaluation of a patient with traumatic brain or spinal cord injury admitted for inpatient rehabilitation. An initial evaluation is almost always more detailed and comprehensive than subsequent or follow-up evaluations. An exception would be when a patient is seen for a follow-up visit with substantial new signs or symptoms. Physicians in training tend to overassess, but with time the experienced physiatrist develops an intuition for how much detail is needed for each patient given a particular presentation and setting.


The physiatric H&P resembles the traditional format taught in medical school but with an additional emphasis on history, signs, and symptoms that affect function (performance). The physiatric H&P also identifies those systems not affected that might be used for compensation.22 Familiarity with the 1980 and 1997 World Health Organization classifications is invaluable in understanding the philosophic framework for viewing the evaluation of persons with physical and cognitive disabilities (Table 1-1).76,77 Identifying and treating the primary impairments to maximize performance becomes the primary thrust of physiatric evaluation and treatment.


Table 1-1 World Health Organization Definitions






	Term

	Definition






	1980

	 






	Impairment

	Any loss or abnormality of psychologic, physiologic, or anatomic structure or function






	Disability

	Any restriction or lack resulting from an impairment of the ability to perform an activity in the manner or within the range considered normal for a human being






	Handicap

	A disadvantage for a given individual, resulting from an impairment or a disability, that limits or prevents the fulfilment of a role that is normal for that individual






	1997

	 






	Impairment

	Any loss or abnormality of body structure or of a physiologic or psychologic function (essentially unchanged from the 1980 definition)






	Activity

	The nature and extent of functioning at the level of the person






	Participation

	The nature and extent of a person’s involvement in life situations in relationship to impairments, activities, health conditions, and contextual factors







From World Health Organization 198076 and 1997,77 with permission of the World Health Organization.


Because patients cared for in rehabilitation medicine can be extremely complicated, the H&P is many times a work in progress. Confirmation of historical and functional items by other team members, health care professionals, and family members can take several days. Many of the functional items discussed in this chapter will actually be assessed and explored more fully by other interdisciplinary team members during the course of inpatient or outpatient treatment. It is imperative that the physiatrist stays abreast of additional information and findings as they become available, and that lines of verbal or written communication be directed through the medical leadership of the team.


The exact structure of the physiatric assessment is determined in part by personal preference, training background, and institutional requirements (physician billing compliance expectations, forms committees, and regulatory oversight). The use of templates can be invaluable in maximizing the thoroughness of data collection and minimizing documentation time. Pertinent radiologic and laboratory findings should be clearly documented. The essential elements of the physiatric H&P are summarized in Table 1-2. Assessment of some or all of these elements is required for a complete understanding of the patient’s state of health and the illness for which he or she is being seen. These elements also form the basis for a treatment plan.


Table 1-2 Essential Elements of the Physiatric History and Physical Examination






	Component

	Examples






	Chief complaint

	 






	History of present illness

	Exploring location, onset, quality, context, severity, duration, modifying factors, and associated signs and symptoms






	Functional history

	Mobility: Bed mobility, transfers, wheelchair mobility, ambulation, driving, and devices required
Activities of daily living: Bathing, toileting, dressing, eating, hygiene and grooming, etc.
Instrumental activities of daily living: Meal preparation, laundry, telephone use, home maintenance, pet care, etc.
Cognition
Communication






	Past medical and surgical history

	Specific conditions: Cardiopulmonary, musculoskeletal, neurologic, and rheumatologic
Medications






	Social history

	Home environment and living circumstances, family and friends support system, substance abuse, sexual history, vocational activities, finances, recreational activities, psychosocial history (mood disorders), spirituality, and litigation






	Family history

	 






	Review of systems

	 






	General Medical Physical Examination

	 






	 

	Cardiac
Pulmonary
Abdominal
Other






	Neurologic Physical Examination

	 






	 

	Level of consciousness
Attention
Orientation
Memory
General fund of knowledge
Abstract thinking
Insight and judgment
Mood and affect






	Communication

	 






	Cranial nerve examination

	 






	Sensation

	 






	Motor control

	Strength
Coordination
Apraxia
Involuntary movements
Tone






	Reflexes

	Superficial
Deep
Primitive






	Musculoskeletal Physical Examination

	 






	Inspection

	Behavior
Physical symmetry, joint deformity, etc.






	Palpation

	Joint stability
Range of motion (active and passive)
Strength testing (see above)
Painful joints and muscles






	Joint-specific provocative maneuvers

	 







An emergence in the use of electronic medical records (EMR) has significantly altered the landscape for documentation of the physiatric H&P in both the inpatient and outpatients settings.23 Among the advantages of the EMR are increased legibility, time efficiency afforded by the use of templates and “smart phrases” that can be tailored to individual practitioners, and automated warnings regarding medication interactions or errors, as well as faster and more accurate billing. Disadvantages include overuse of the “copy and paste” function, leading to the appearance of redundancy among consecutive notes and the perpetuation of potentially inaccurate information, automated importation of data not necessarily reviewed by the practitioner at the time of service, and “alarm fatigue.” As regulation of hospital and physician practice and billing increases, the EMR will become more important in ensuring the proper, and sometimes convoluted, documentation required for safety initiatives40 and physician payment.15






The Physiatric History


History-taking skills are part of the art of medicine and are required to fully assess a patient’s presentation. One of the unique aspects of physiatry is the recognition of functional deficits caused by illness or injury. Identification of these deficits allows for the design of a treatment program to restore performance. In a person with stroke, for example, the most important questions for the physiatrist are not just the etiology or location of the lesion but also “What functional deficits are present as a result of the stroke?” The answer could include deficits in swallowing, communication, mobility, cognition, activities of daily living (ADL), or a combination of these.


The time spent in taking a history also allows the patient to become familiar with the physician, establishing rapport and trust. This initial rapport is critical for a constructive and productive doctor–patient–family relationship and can also help the physician learn about such sensitive areas as the sexual history and substance abuse. It can also have an impact on outcome, as a trusting patient tends to be a more compliant patient.62 Assessing the tone of the patient and/or family (such as anger, frustration, resolve, and determination), understanding of the illness, insight into disability, and coping skills are also gleaned during history taking. In most cases, the patient leads the physician to a diagnosis and conclusion. In other cases, such as when the patient is rambling and disorganized, frequent redirection and refocus are required.


Patients are generally the primary source of information. However, patients with cognitive or mood deficits (denial or decreased insight) or with communication problems, as well as small children, might not be able to fully express themselves. In these cases, the history taker might rely on other sources such as family members; friends; other physicians, nurses, and medical professionals; or previous medical records. This can also have an impact on physician billing. Caution must be exercised in using previous medical records because inaccuracies are sometimes repeated from provider to provider, sometimes referred to as “chart lore.”






Chief Complaint


The chief complaint is the symptom or concern that caused the patient to seek medical treatment. The most common chief complaints seen in an outpatient physiatric practice are pain, weakness, or gait disturbance of various musculoskeletal or neurologic origins. On a physiatric consultation on an inpatient rehabilitation service, the predominant chief complaints are related to mobility, ADL, communication, or cognitive deficits and candidacy for inpatient rehabilitation. Unlike the relatively objective physical examination, the chief complaint is purely subjective and, when possible, the physician should use the patient’s own words. A patient can present with several related or unrelated complaints, in which case it is helpful to have the patient rank problems from “most bothersome” to “least bothersome.”


The specific circumstance of a patient offering a chief complaint can also allude to a degree of disability or handicap. For example, knowing that an obese mail carrier presents with the chief complaint of difficulty in walking because of knee pain could suggest not only the impairment but also an impact on his vocation and role as a provider for his family (participation, handicap).









History of the Present Illness


The history of the present illness (HPI) details the chief complaint(s) for which the patient is seeking medical attention, as well as any related or unrelated functional deficits. It should also explore other information relating to the chief complaint such as recent and past medical or surgical procedures, complications of treatment, and potential restrictions or precautions. The HPI should include some or all of eight components related to the chief complaint: location, time of onset, quality, context, severity, duration, modifying factors, and associated signs and symptoms (see Table 1-2).


In this case example, the patient is a 70-year-old man referred by his neurologist for physical therapy because the patient cannot walk properly (chief complaint). Over the past few months (duration), he has noted slowly progressive weakness of his left leg (location). Subsequent workup by his neurologist suggested amyotrophic lateral sclerosis (context). The patient was active in his life and working up until a few months previously, ambulating without an assistive device (context). Now he uses a straight cane for fear of falling (modifying factor). Besides difficulty with walking, the patient also has some trouble swallowing foods (associated signs and symptoms).









Functional Status


Detailing the patient’s current and prior functional status is an essential aspect of the physiatric HPI. This generally entails better understanding the issues surrounding mobility, ADL, instrumental activities of daily living (I-ADL), communication, cognition, work, and recreation, among others. The data should be as accurate and detailed as possible to guide the physical examination and develop a treatment plan with reasonable short- and long-term goals.


Assessing the potential for functional gain or deterioration requires an understanding of the natural history, cause, and time of onset of the functional problems. For example, most spontaneous motor recovery after stroke occurs within 3 months of the event.68 For a recent stroke patient with considerable motor impairments, there is a greater expectation for significant functional gain than in a patient with minor deficits related to a stroke that occurred 2 years ago.


It is sometimes helpful to assess functional status using a standardized scale. No single scale is appropriate for all patients, but the Functional Independence Measure (FIM) is the most commonly used in the inpatient rehabilitation setting (Table 1-3; see Chapter 8).3 Measuring only activity limitation (disability) or performance, each of 18 different activities is scored on a scale of 1 to 7, with a score of 7 indicating complete independence. Intermediate scores indicate varying levels of assistance from very little (from an assistive device, to supervision, to hands-on assistance) to a score of 1 indicating complete dependence on caregiver assistance. FIM scores also serve as a kind of rehabilitation shorthand among team members to quickly and accurately describe functional deficits.


Table 1-3 Levels of Function on the Functional Independence Measure






	Level of Function

	Score

	Definition






	Independent

	


7



6




	


Another person is not required for the activity (no helper).



Complete independence: all the tasks described as making up the activity are performed safely, without modification, assistive devices, or aids, and within a reasonable amount of time.



Modified independence—one or more of the following can be true:


• The activity requires an assistive device.



• The activity takes more than a reasonable time.



• There are safety considerations.












	Dependent

	 

	The patient requires another person for either supervision or physical assistance for the activity to be performed (requires helper).







	 

	


5



4



3



2



1




	


Supervision or set-up: the patient requires no more help than stand-up or cueing without physical contact, or the helper sets up needed items.



Minimal contact assistance: the patient requires no more help than touching and expends 75% or more of the effort.



Moderate assistance: the patient requires more help than touching and expends 50%-75% of the effort.



Maximal assistance: the patient expends 25%-50% of the effort.



Total assistance: the patient expends less than 25% of the effort.










From Anonymous3 1997, with permission of the State University of New York at Buffalo.






Mobility


Mobility is the ability to move about in one’s environment and is taken for granted by most healthy people. Because it plays such a vital role in society, any impairment related to mobility can have major consequences for a patient’s quality of life. A clear understanding of the patient’s functional mobility is needed to determine independence and safety, including the use of, or need for, mobility assistive devices. There is a range of mobility assistive devices that patients can use, such as crutches, canes, walkers, orthoses, and manual and electric wheelchairs (Table 1-4; see Chapters 15 and 17).


Table 1-4 Commonly Used Mobility Assistive Devices






	Category

	Example






	Crutches

	


Axillary crutches



Forearm crutches



Platform crutches









	Canes

	


Straight cane



Wide- or narrow-based quad cane



Hemiwalker or pyramid cane









	Walkers

	


Standard or pick-up walker



Rolling walker



Platform walker









	Wheelchairs

	 






	 Types

	


Manual



Powered



Lightweight









	 Common modifications or specifications

	


Folding or solid frame



Elevated or removable leg rests



Removable armrests



Reclining









	Off-the-Shelf Ankle-Foot Orthoses

	 






	 Common custom orthoses

	


Plastic ankle-foot orthosis



Metal ankle-foot orthosis



Knee orthosis



Knee-ankle-foot orthosis










Bed mobility includes turning from side to side, going from the prone to supine positions, sitting up, and lying down. A lack of bed mobility places the patient at greater risk for skin ulcers, deep vein thrombosis, and pneumonia. In severe cases, bed mobility can be so poor as to require a caregiver. In other cases, bed rails might be appropriate to facilitate movement. Transfer mobility includes getting in and out of bed, standing from the sitting position (whether from a chair or toilet), and moving between a wheelchair and another seat (car seat or shower seat). Once again, the history taker should assess the level of independence, safety, and any changes in functional ability.


Wheelchair mobility can be assessed by asking if patients can propel the wheelchair independently, how far or how long they can go without resting, and whether they need assistance with managing the wheelchair parts. It is also important to assess the extent to which they can move about at home, in the community, and up and down ramps. Whether the home is potentially wheelchair-accessible is particularly important in cases of new onset of severe disability.


Ambulation can be assessed by how far or for how long patients can walk, whether they require assistive devices, and their need for rest breaks. It is also important to know whether any symptoms are associated with ambulation, such as chest pain, shortness of breath, pain, or dizziness. Patients should be asked about any history of falling or instability while walking, and their ability to navigate uneven surfaces. Stair mobility, along with the number of stairs the patient must routinely climb and descend at home or in the community, and the presence or absence of handrails should also be determined.


Driving is a crucial activity for many people, not only as a means of transportation but also as an indicator and facilitator of independence. For example, elders who stop driving have an increase in depressive symptoms.50 It is important to identify factors that might prevent driving, such as decreased cognitive function and safety awareness, and decreased vision or reaction time. Other factors affecting driving can include lower limb weakness, contracture, tone, or dyscoordination. Some of these conditions might require use of adaptive hand controls for driving. Cognitive impairment sufficient to affect the ability to drive can be due to medications or organic disease (dementia, brain injury, stroke, or severe mood disturbance). Ultimately, the risks of driving are weighed against the consequences of not being able to drive. If the patient is no longer able to drive, alternatives to driving should be explored, such as the use of public or assisted transportation. Laws differ widely from state to state on the return to driving after a neurologic impairment develops.









Activities of Daily Living and Instrumental Activities of Daily Living


ADL encompass activities required for personal care including feeding, dressing, grooming, bathing, and toileting. I-ADL encompass more complex tasks required for independent living in the immediate environment such as care of others in the household, telephone use, meal preparation, house cleaning, laundry, and in some cases use of public transportation. In the Occupational Therapy Practice Framework, there are 11 activities for both ADL and I-ADL (Box 1-1).4





BOX 1-1 Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (I-ADL)


Modified from [Anonymous]: Occupational Therapy Practice Framework: domain and process. Am J Occup Ther 56:609-639, 2002 (Erratum in: Am J Occup Ther 2003; 57:115) with permission.






ADL






• Bathing and showering



• Bowel and bladder management



• Dressing



• Eating



• Feeding



• Functional mobility



• Personal device care



• Personal hygiene and grooming



• Sexual activity



• Sleep and rest



• Toilet hygiene









I-ADL






• Care of others (including selecting and supervising caregivers)



• Care of pets



• Child rearing



• Communication device use



• Community mobility



• Financial management



• Health management and maintenance



• Home establishment and management



• Meal preparation and cleanup



• Safety procedures and emergency responses



• Shopping








The clinician should identify and document ADL the patient can and cannot perform, and determine the causes of limitation. For example, a woman with a stroke might state that she cannot put on her pants. This could be due to a combination of factors such as a visual field cut, balance problems, weakness, pain, contracture, hypertonia, or deficits in motor planning. Some of these factors can be confirmed later in the physical examination. A more detailed follow-up to a positive response to the question is frequently needed. For example, a patient might say “yes” to the question “Can you eat by yourself?” On further questioning, it might be learned that she cannot prepare the food by herself or cut the food independently. The most accurate assessment of ADL and mobility deficits often comes from the hands-on assessment by therapists and nurses on the rehabilitation team.









Cognition


Cognition is the mental process of knowing (see Chapters 3 and 4). Although objective assessment of cognition comes under physical examination (memory, orientation, and the ability to assimilate and manipulate information), impairments in cognition can also become apparent during the course of the history taking. Because persons with cognitive deficits often cannot recognize their own impairments (anagnosia), it is important to gather information from family members and others familiar with the patient. Cognitive deficits and limited awareness of these deficits are likely to interfere with the patient’s rehabilitation program unless specifically addressed. These deficits can pose a safety risk as well. For example, a man with a previous stroke who falls, sustaining a hip fracture requiring replacement, might not be able to follow hip precautions, resulting in possible refracture or hip dislocation. Executive functioning is another aspect of cognition, which includes the mental functions required for planning, problem solving, and self-awareness. Executive functioning correlates with functional outcome because it is required in many real-world situations.45









Communication


Communication skills are used to convey information including thoughts, needs, and emotions. Verbal expression deficits can be very subtle and might not be noticed in a first encounter. If there is a reason to think that speech or communication has been affected by a recent event, it is advisable to ask family members if they have noticed recent changes. Patients who cannot communicate through speech might or might not be able to communicate through other means, known as augmentative communication, depending on the type of communication dysfunction and other physical and cognitive limitations. This can include writing and physicality (such as sign language, gestures, and body language). They can also use a variety of augmentative communication aids ranging from simple picture, letter, and word boards to electronic devices.












Past Medical and Surgical History


The physiatrist should understand the patient’s past medical and surgical history. This knowledge allows the physiatrist to understand how preexisting illnesses affect current status, and how to tailor the rehabilitation program for precautions and limitations. The patient’s past medical history can also have a major impact on rehabilitation outcome.






Cardiopulmonary


Mobility, ADL, I-ADL, work, and leisure can be severely compromised by cardiopulmonary deficits. The patient should be asked about any history of congestive heart failure, recent and distant myocardial infarction, arrhythmias, and coronary artery disease. Past surgical procedures such as bypass surgery, heart transplantation, stent placement, and recent diagnostic testing (stress test or echocardiogram) should be ascertained. This information is important to ensure that exercise prescriptions do not exceed cardiovascular activity limitations. Patients should also be asked about their activity tolerance, surgery such as lung volume reduction or lung transplant, and whether they require home oxygen. Dyspnea from chronic obstructive pulmonary disease can be a significant contributor to functional limitations. Often medication adjustment to maximize cardiac and pulmonary function accompanies mobilization. It is also important to identify modifiable risk factors for cardiac disease such as smoking, hypertension, and obesity.









Musculoskeletal


There can be a wide range of musculoskeletal disorders from acute traumatic injuries to gradual functional decline with chronic osteoarthritis. The patient should be asked about a history of trauma, arthritis, amputation, joint contractures, musculoskeletal pain, congenital or acquired muscular problems, weakness, or instability. It is important to understand the functional impact of such impairments or disabilities. Patients with chronic physical disability often develop overuse musculoskeletal syndromes, such as the development of shoulder pain secondary to chronically propelling a wheelchair.33









Neurologic Disorders


Preexisting congenital or acquired neurologic disorders can have a profound impact on the patient’s function and recovery from both neurologic and nonneurologic illness. It is helpful to know whether a neurologic disorder is congenital versus acquired, progressive versus nonprogressive, central versus peripheral, demyelinating versus axonal, or sensory versus motor. This information can be helpful in understanding the pathophysiology, location, severity, prognosis, and implications for management. The interviewer must assess the premorbid need for assistive devices, orthoses, and the degree of speech, swallowing, and cognitive impairments.









Rheumatologic


The history should assess the type of rheumatologic disorder, time of onset, number of joints affected, pain level, current disease activity, and past orthopedic procedures. Discussions with the patient’s rheumatologist might address whether medication changes could improve activity tolerance in a rehabilitation program (see Chapter 36).









Medications


All medications should be documented including prescription and over-the-counter drugs, as well as nutraceuticals, supplements, herbs, and vitamins. Medications should be documented from both the last institutional venues (acute care, nursing home) and from home before institutionalization. Decreasing medication errors via medication reconciliation is a major thrust of the National Patient Safety Goals initiative.40 Patients typically do not mention medications that they do not think are relevant to their current problem, unless asked about them in detail. Drug and food allergies should be noted. It is especially important to gather the complete list of medications being used in patients who are seeing multiple physicians. Particular attention should be paid to nonsteroidal antiinflammatory agents because these are commonly prescribed by physiatrists for musculoskeletal disorders, and care must be taken not to double-dose the patient.27,32 The indications, precautions, and side effects of all drugs prescribed should be explained to the patient.












Social History






Home Environment and Living Situation


Understanding the patient’s home environment and living situation includes asking if the patient lives in a house or an apartment, if there is elevator access, whether it is wheelchair accessible, if there are stairs, whether the bathroom is accessible from the bedroom, and whether the bathroom has grab bars or handrails (and on which side). A home visit might be required to gain the best assessment. If there is no caregiver at home, the patient could require a home health aide. These factors help determine many aspects of the discharge plan.









Family and Friends Support


Patients who have lost function might require supervision, emotional support, or actual physical assistance. Family, friends, and neighbors who can provide such assistance should be identified. The clinician should discuss the level of assistance they are willing and able to provide. The assistance provided by caregivers can be limited if they are elderly, have some type of impairment, work, or are not willing to assist with bowel or bladder hygiene.









Substance Abuse


Patients should be asked about their history of smoking, alcohol use or abuse, and drug abuse. Because patients often deny substance abuse, this topic should be discussed in a nonjudgmental manner. Patients frequently feel embarrassment or guilt in admitting substance abuse, and also fear the legal consequences of such an admission. Substance abuse can be a direct and an indirect cause of disability, and is often a contributing factor in traumatic brain injury.19 It can also have an impact on community reintegration, because patients with pain and/or depression are at risk for further abuse. Patients who are at risk should be referred to social work to explore options for further assistance, either during the acute rehabilitation or later in the community.









Sexual History


Patients and health care practitioners alike are often uncomfortable discussing the topic of sexuality, so developing a good rapport during history taking can be helpful. Discussion of this topic is made easier if the health care practitioner has a basic knowledge of how sexual function can be changed by illness or injury (see Chapter 31). Sexuality is particularly important to patients in their reproductive years (such as with many spinal cord– and brain-injured persons), but the physician should enquire about sexuality in adolescents and adults, as well as in the elderly. Sexual orientation and safer sex practices should be addressed when appropriate.









Vocational Activities


Vocation is not only a source of financial security; it also significantly relates to self-confidence and even identity. The history should include the patient’s educational level, recent work history, and the ability to fulfill job requirements subsequent to the injury or illness. If an individual cannot fully regain the previous function level, the vocational options available should be explored. It is possible that the work environment can be modified to compensate for a functional loss or minimize musculoskeletal pain complaints. An example of this would be the installation of a wheelchair ramp for an accountant with paraplegia.









Finances and Income Maintenance


Patients can have financial concerns that are due to or exacerbated by their illness or injury. These concerns can also be addressed by the rehabilitation team social worker. Whether a patient has the financial resources or insurance to pay for adaptive devices such as a ramp or mobility equipment can significantly affect discharge planning. If patients cannot safely be discharged home, skilled nursing facility placement might need to be explored, at least on a temporary basis.









Recreation


The ability to engage in hobbies and recreational activities is important to most people, and any loss or limitation of the ability to perform these activities can be stressful. Recreation is a primary outcome in sports medicine. The recreational activity affected can involve physical exercise, such as a sporting activity, or can be more sedentary, such as playing cards. The team recreational therapist can be helpful in helping to restore the patient’s favorite recreations and offer new ones.









Psychosocial History


The history taker must recognize the psychosocial impact of impairment. Beyond the loss of function, the patient can also feel a loss of overall health, body image, mobility, or independence. The loss of function, and possibly of income as well, can place great stress on the family unit and caregivers. The treatment plan should recognize the patient’s psychosocial context and provide assistance in developing coping strategies, especially for depression and anxiety. This can help accelerate the patient’s process of adjusting to a new disability.









Spirituality and Belief


Spirituality is an important part of the lives of many patients, and some preliminary studies indicate that it can have positive effects on rehabilitation, life satisfaction, and quality of life.13 Health care providers should be sensitive to the patient’s spiritual needs, and appropriate referral or counseling should be provided.17









Pending Litigation


Patients should be asked in a nonjudgmental fashion whether they are involved in litigation related to their illness, injuries, or functional impairment. The answer should not change the treatment plan, but litigation can be a source of anxiety, depression, or guilt. In some cases the patient’s legal representative can play an important role in obtaining needed services and equipment.












Family History


Patients should be asked about the health, or cause and age of death, of parents and siblings. It is always important to know whether any family members have a similar condition. They should also be asked about any family history of heart disease, diabetes, cancer, stroke, arthritis, hypertension, or neurologic illness. This will help to identify genetic disorders within the family. Knowledge of the general health of family members can also provide insight into their ability to provide functional assistance to the patient.









Review of Systems


A detailed review of organ systems should be done discover any problems or diseases not previously identified during the course of the history taking. Table 1-5 lists some questions that can be asked about each system.24 Note that this list is not comprehensive, and more detailed questioning might be necessary.


Table 1-5 Sample Questions for the Review of Systems






	System

	Questions






	Systemic

	Any general symptoms such as fever, weight loss, fatigue, nausea, and poor appetite?






	Skin

	Any skin problems? Sores? Rashes? Growths? Itching? Changes in the hair or nails? Dryness?






	Eyes

	Any changes in vision? Pain? Redness? Double vision? Watery eyes? Dizziness?






	Ears

	How are the ears and hearing? Running ears? Poor hearing? Ringing ears? Discharge?






	Nose

	How are your nose and sinuses? Stuffy nose? Discharge? Bleeding? Unusual odors?






	Mouth

	Any problems with your mouth? Sores? Bad taste? Sore tongue? Gum trouble?






	Throat and neck

	Any problems with your throat and neck? Sore throat? Hoarseness? Swelling? Swallowing?






	Breasts

	Any problems with your breasts? Lumps? Nipple discharge? Bleeding? Swelling? Tenderness?






	Pulmonary

	Any problems with your lungs or breathing? Cough? Sputum? Bloody sputum? Pain in the chest on taking a deep breath? Shortness of breath?






	Cardiovascular

	Do you have any problems with your heart? Chest pain? Shortness of breath? Palpitations? Cough? Swelling of your ankles? Trouble lying flat in bed at night? Fatigue?






	Gastrointestinal

	How is your digestion? Any changes in your appetite? Nausea? Vomiting? Diarrhea? Constipation? Changes in your bowel habits? Bleeding from the rectum? Hemorrhoids?






	Genitourinary

	Male: Any problems with your kidneys or urination? Painful urination? Frequency? Urgency? Nocturia?






	 

	Bloody or cloudy urine? Trouble starting or stopping?






	 

	Female: Number of pregnancies? Abortions? Miscarriages? Any menstrual problems? Last menstrual period? Vaginal bleeding? Vaginal discharge? Cessation of periods? Hot flashes? Vaginal itching? Sexual dysfunction?






	Endocrine

	Any problems with your endocrine glands? Feeling hot or cold? Fatigue? Changes in the skin or hair? Frequent urination? Fatigue?






	Musculoskeletal

	Do you have any problems with your bones or joints? Joint or muscle pain? Stiffness? Limitation of motion?






	Nervous system

	Numbness? Weakness? Pins and needles sensation?







From Enelow AJ, Forde DL, Brummel-Smith K: Interviewing and patient care, ed 4, New York, 1996, Oxford University Press,24 with permission of Oxford University Press.












The Physiatric Physical Examination






Neurologic Examination


Neurologic problems are common in the setting of inpatient and outpatient rehabilitation, including functional deficits in persons with such conditions as stroke, multiple sclerosis, peripheral neuropathy, spinal cord injury, brain injury, and neurologic cancers. The neurologic examination should be conducted in an organized fashion to confirm or reconfirm the neurologic disorder, and subsequently to identify which components of the nervous system are the most and the least affected. The precise location of the lesion should be identified, if possible, and the impact of the neurologic deficits on the overall function and mobility of the patient should be noted. If a cause of the patient’s condition has not been identified at presentation to the rehabilitation service, a differential diagnosis list should be developed, the neurologic examination tailored appropriately, and consultations garnered, if indicated. An accurate and efficient neurologic examination requires that the examiner have a thorough knowledge of both central and peripheral neuroanatomy before the examination.


Weakness is a primary sign in neurologic disorders and is seen in both upper (UMN) and lower motor neuron (LMN) disorders. UMN lesions involving the central nervous system (CNS) are typically characterized by hypertonia, weakness, and hyperreflexia without significant muscle atrophy, fasciculation, or fibrillation (on electromyography). They tend to occur in a hemiparetic, paraparetic, and tetraparetic pattern. UMN etiologies include stroke, multiple sclerosis, traumatic and nontraumatic brain and spinal cord injuries, and neurologic cancers, among others. LMN defects are characterized by hypotonia, weakness, hyporeflexia, significant muscle atrophy, fasciculations, and electromyographic changes. They occur in the distribution of the affected nerve root, peripheral nerve, or muscle. UMN and LMN lesions often coexist; however, the LMN system is the final common pathway of the nervous system. An example of this is an upper trunk brachial plexus injury on the same side as spastic hemiparesis in a person with traumatic brain injury.51


Similar to physical examination in other organ systems, testing of one neurologic system is often predicated by the normal functioning of other systems. For example, severe visual impairment can be confused with cerebellar dysfunction, as many cerebellar tests have a visual component. The integrated functions of all organ systems should be considered to provide an accurate clinical assessment, and potential limitations of the examination should be considered.






Mental Status Examination


The mental status examination (MSE) should be performed in a comfortable setting where the patient is not likely to be disturbed by external stimuli such as televisions, telephones, pagers, conversation, or medical alarms. The bedside MSE is often limited secondary to distractions from within the room. Having a familiar person such as a spouse or relative in the room can often help reassure the patient. The bedside MSE might need to be supplemented by far more detailed and standardized evaluations performed by neuropsychologists, especially in cases of vocational and educational reintegration (see Chapters 4 and 35). Language is the gateway to assessing cognition and is therefore limited in persons with significant aphasia.






Level of Consciousness


Consciousness is the state of awareness of one’s surroundings. A functioning pontine reticular activating system is necessary for normal conscious functioning. The conscious patient is awake and responds directly and appropriately to varying stimuli. Decreased consciousness can significantly limit the MSE and the general physical examination.


The examiner should understand the various levels of consciousness. Lethargy is the general slowing of motor processes (such as speech and movement) in which the patient can easily fall asleep if not stimulated, but is easily aroused. Obtundation is a dulled or blunted sensitivity in which the patient is difficult to arouse, and once aroused is still confused. Stupor is a state of semiconsciousness characterized by arousal only by intense stimuli such as sharp pressure over a bony prominence (e.g., sternal rub), and the patient has few or even no voluntary motor responses.56 The Aspen Neurobehavioral Conference proposed, and several leading medical organizations have endorsed, three terms to describe severe alterations in consciousness.29 In coma, the eyes are closed with absence of sleep-wake cycles and no evidence of a contingent relationship between the patient’s behavior and the environment.29 Vegetative state is characterized by the presence of sleep-wake cycles but still no contingent relationship. Minimally conscious state indicates a patient who remains severely disabled but demonstrates sleep-wake cycles and even inconsistent, nonreflexive, contingent behaviors in response to a specific environmental stimulation. In the acute settings, the Glasgow Coma Scale is the most often used objective measure to document level of consciousness, assessing eye opening, motor response, and verbal response (Table 1-6).39


Table 1-6 Glasgow Coma Scale






	Function

	Rating






	Eye opening

	E






	 Spontaneous

	4






	 To speech

	3






	 To pain

	2






	 Nil

	1






	Best motor response

	M






	 Obeys

	6






	 Localizes

	5






	 Withdraws

	4






	 Abnormal flexion

	3






	 Extensor response

	2






	 Nil

	1






	Verbal response

	V






	 Oriented

	5






	 Confused conversation

	4






	 Inappropriate words

	3






	 Incomprehensible sounds

	2






	 Nil

	1






	Coma score (E + M + V)

	3-15







From Jennett B, Teasdale G: Assessment of impaired consciousness, Contemp Neurosurg 20:78, 1981 with permission.









Attention


Attention is the ability to address a specific stimulus for a short period without being distracted by internal or external stimuli.65 Vigilance is the ability to hold attention over longer periods. For example, with inadequate vigilance a patient can begin a complex task but be unable to sustain performance to completion. Attention is tested by digit recall, where the examiner reads a list of random numbers and the patient is asked to repeat those numbers. The patient should repeat digits both forward and backward. A normal performance is repeating seven numbers in the forward direction, with fewer than five indicating significant attention deficits.52,65









Orientation


Orientation is necessary for basic cognition. Orientation is composed of four parts: person, place, time, and situation. After asking the patient’s name, place can be determined by asking the location the patient is currently in or her or his home address. Time is assessed by asking the patient the time of day, the date, the day of the week, or the year. Situation refers to why the patient is in the hospital or clinic. Time sense is usually the first component lost, and person is typically the last to be lost. Temporary stress can account for a minor loss of orientation; however, major disorientation usually suggests an organic brain syndrome.69









Memory


The components of memory include learning, retention, and recall. During the bedside examination, the patient is typically asked to remember three or four objects or words. The patient is then asked to repeat the items immediately to assess immediate acquisition (encoding) of the information. Retention is assessed by recall after a delayed interval, usually 5 to 10 minutes. If the patient is unable to recall the words or objects, the examiner can provide a prompt (e.g., “It is a type of flower” for the word “tulip”). If the patient still cannot recall the words or objects, the examiner can provide a list from which the patient can choose (e.g., “Was it a rose, a tulip, or a daisy?”). Although abnormal scores must be interpreted within the context of the remaining neurologic examination, normal individuals younger than 60 years should recall three of four items.65


Recent memory can also be tested by asking questions about the past 24 hours, such as “How did you travel here?” or “What did you eat for breakfast this morning?” Assuming the information can be confirmed, remote memory is tested by asking where the patient was born or the school or college attended.46 Visual memory can be tested by having the patient identify (after a few minutes) four or five objects hidden in clear view.









General Fundamentals of Knowledge


Intelligence is a global function derived from the general tone and content of the examination and encompasses both basic intellect and remote memory. The examiner should note the patient’s educational level and highest grade completed during the history. Examples of questions that can be asked include names of important elected officials, such as the current president of the United States or recent past presidents. It can be very difficult to identify when a patient with a very high intelligence premorbidly drops to a more average level after injury or illness. The history of memory or intellectual decline from a family member or close friend should prompt further evaluation of the patient.









Abstract Thinking


Abstraction is a higher cortical function and can be tested by the interpretation of common proverbs such as “a stitch in time saves nine” or “when the cat’s away the mice will play,” or by asking similarities, such as “How are an apple and an orange alike?” A concrete explanation for the first proverb would be “You should sew a rip before it becomes bigger,” whereas an abstract explanation would be “Quick attention to a given problem would prevent bigger troubles later.” An abstract response to the similarity would be “They are both kinds of fruit,” and a concrete response would be “They are both round” or “You can eat them both.” Most normal individuals should be able to provide abstract responses. A patient also demonstrates abstraction when he or she understands a humorous phrase or situation. Concrete responses are given by persons with dementia, mental retardation, or limited education. Abstract thinking should always be considered in the context of intelligence and cultural differences.69









Insight and Judgment


Insight has been conceptualized into three components: awareness of impairment, need for treatment, and attribution of symptoms. Insight can be ascertained by asking what brought the patient into the hospital or clinic.10 Recognizing that one has an impairment is the initial step for recovery. A lack of insight can severely hamper a patient’s progress in rehabilitation and is a major consideration in developing a safe discharge plan. Insight can be difficult to distinguish from psychological denial.


Judgment is an estimate of a person’s ability to solve real-life problems. The best indicator is usually simply observing the patient’s behavior. Judgment can also be assessed by noting the patient’s responses to hypothetical situations in relation to family, employment, or personal life. Hypothetical examples of judgment that reflect societal norms include “What should you do if you find a stamped, addressed envelope?” or “How are you going to get around the house if you have trouble walking?” Judgment is a complex function that is part of the maturational process and is consequently unreliable in children and variable in the adolescent years.69 Assessment of judgment is important to assess the patient’s capacity for independent functioning.









Mood and Affect


Mood can be assessed by asking the “Yale question”: “Do you often feel sad or depressed?”72 Establishing accurate information pertaining to the length of a particular mood is important. The examiner should document if the mood has been reactive (e.g., sadness in response to a recent disabling event or loss of independence), and whether the mood has been stable or unstable. Mood can be described in terms of being, including happy, sad, euphoric, blue, depressed, angry, or anxious.


Affect describes how a patient feels at a given moment, which can be described by terms such as blunted, flat, inappropriate, labile, optimistic, or pessimistic. It can be difficult to accurately assess mood in the setting of moderate to severe acquired brain injury. A patient’s affect is determined by the observations made by the examiner during the interview.11









General Mental Status Assessment


The Folstein Mini-Mental Status Examination is a brief and convenient tool to test general cognitive function. It is useful for screening patients for dementia and brain injuries. Of a maximum 30 points, a score 24 or above is considered within the normal range.25 Also available is the easily administered Montreal Cognitive Assessment.54 The clock-drawing test is another quick test sensitive to cognitive impairment. The patient is instructed to “Without looking at your watch, draw the face of a clock, and mark the hands to show 10 minutes to 11 o’clock.” This task uses memory, visual spatial skills, and executive functioning. The drawing is scored on the basis of whether the clock numbers are generally intact or not intact out of a maximum score of 10.66 The use of the three-word recall test in addition to the clock-drawing test, which is known collectively as the Mini-Cog Test, has recently gained popularity in screening for dementia. The Mini-Cog can usually be completed within 2 to 3 minutes.60 The reader is referred to other excellent descriptions of the MSE for further reading.65












Communication






Aphasia


Aphasia involves the loss of production or comprehension of language. The cortical center for language resides in the dominant hemisphere. Naming, repetition, comprehension, and fluency are the key components of the physician’s bedside language assessment. The examiner should listen to the content and fluency of speech. Testing of comprehension of spoken language should begin with single words, progress to sentences that require only yes–no responses, and then progress to complex commands. The examiner should also assess visual naming, repetition of single words and sentences, word-finding abilities, and reading and writing from dictation and then spontaneously. Circumlocutions are phrases or sentences substituted for a word the person cannot express, such as responding “What you tell time with on your wrist” when asked to name a watch. Alexia without agraphia is seen in dominant occipital lobe injury. Here the patient is able to write letters and words from a spoken command but is unable to read the information after dictation.12 Some commonly used standardized aphasia measures include the Boston Diagnostic Aphasia Examination and the Western Aphasia Battery (see Chapter 3).67









Dysarthria


Dysarthria refers to defective articulation, but with the content of speech unaffected. The examiner should listen to spontaneous speech and then ask the patient to read aloud. Key sounds that can be tested include “ta ta ta,” which is made by the tongue (lingual consonants); “mm mm mm,” which is made by the lips (labial consonants); and “ga ga ga,” which is made by the larynx, pharynx, and palate.46 There are several subtypes of dysarthria including spastic, ataxic, hypokinetic, hyperkinetic, and flaccid.52









Dysphonia


Dysphonia is a deficit in sound production and can be secondary to respiratory disease, fatigue, or vocal cord paralysis. The best method to examine the vocal cords is by indirect laryngoscopy. Asking the patient to say “ah” while viewing the vocal cords is used to assess vocal cord abduction. When the patient says “e,” the vocal cords will adduct. Patients with weakness of both vocal cords will speak in whispers with the presence of inspiratory stridors.46









Verbal Apraxia


Apraxia of speech involves a deficit in motor planning (i.e., awkward and imprecise articulation in the absence of impaired strength or coordination of the motor system). It is characterized by inconsistent errors when speaking. A difficult word might be spoken correctly, but trouble is experienced when repeating it. People with verbal apraxia of speech often appear to be “groping” for the right sound or word, and might try to speak a word several times before saying it correctly. Apraxia is tested by asking the patient to repeat words with an increasing number of syllables. Oromotor apraxia is seen in patients with difficulty organizing nonspeech, oral motor activity. This can adversely impact swallowing. Tests for oromotor apraxia include asking patients to stick out their tongue, show their teeth, blow out their cheeks, or pretend to blow out a match.1









Cognitive Linguistic Deficits


Cognitive linguistic deficits involve the pragmatics and context of communication. Examples can include confabulation after a ruptured aneurysm of the anterior communicating artery, or disinhibited or sexually inappropriate comments from a patient with frontal lobe damage after a traumatic brain injury. Cognitive linguistic deficits are distinguished from fluent aphasias (Wernickeʼs) by the presence of relatively normal syntax and grammar.












Cranial Nerve Examination






Cranial Nerve I: Olfactory Nerve


The examiner should test both perception and identification of smell using aromatic nonirritating materials that avoid stimulation of the trigeminal nerve fibers in the nasal mucosa. Irritant substances such as ammonia should be avoided. The patient is asked to close the eyes while the opposite nostril is compressed separately. The patient should identify the smell in a test tube containing a common substance with a characteristic odor, such as coffee, peppermint, or soap. The olfactory nerve is the most commonly injured cranial nerve (CN) in head trauma, resulting from shearing injuries that can be associated with fractures of the cribiform plate.5









Cranial Nerve II: Optic Nerve


The optic nerve is assessed by testing for visual acuity and visual fields and by performing an ophthalmologic examination. Visual acuity refers to central vision, while visual field testing assesses the integrity of the optic pathway as it travels from the retina to the primary visual cortex. Testing visual fields by confrontation is most commonly performed. The patient faces the examiner while covering one eye so the other eye fixates on the opposite eye of the examiner directly in front. The examiner wiggles a finger at the outer boundaries of the four quadrants of vision while the patient points to the quadrant where he or she senses movement. More accurately, a red 5-mm pin can be used to map out the visual field.5 For patients with visual field and extraocular movement deficits (see following discussion), further assessment by a neurooptometrist or visually trained occupational therapists can be helpful.









Cranial Nerves III, IV, and VI: Oculomotor, Trochlear, and Abducens Nerves


These three cranial nerves are best tested together because they are all involved in ocular motility. The oculomotor nerve (III) provides innervation to all the extraocular muscles except the superior oblique and lateral rectus, which are innervated by the trochlear (IV) and abducens nerves (VI), respectively. The oculomotor nerve also innervates the levator palpebrae muscle, which elevates the eyelid, the pupilloconstrictor muscle that constricts the pupil, and the ciliary muscle that controls the thickness of the lens in visual accommodation.


The primary action of the medial rectus is adduction (looking in) and that of the lateral rectus is abduction (looking out). The superior rectus and inferior oblique primarily elevate the eye, whereas the inferior rectus and superior oblique depress the eye. The superior oblique muscle controls gaze looking down, especially in adduction.46


Examination of the extraocular muscles involves assessing the alignment of the patient’s eyes while at rest and when following an object or finger held at an arm’s length. The examiner should observe the full range of horizontal and vertical eye movements in the six cardinal directions.5 The optic (afferent) and oculomotor (efferent) nerves are involved with the pupillary light reflex. A normal pupillary light reflex (CNs II and III) should result in constriction of both pupils when a light stimulus is present to either eye separately. A characteristic head tilt when looking down is sometimes seen in CN IV lesions.75









Cranial Nerve V: Trigeminal Nerve


The trigeminal nerve provides sensation to the face and mucous membranes of the nose, mouth, and tongue. There are three sensory divisions of the trigeminal nerve: the ophthalmic, maxillary, and mandibular branches. These branches can be tested by pinprick sensation, light touch, or temperature along the forehead, cheeks, and jaw on each side of the face. The motor branch of the trigeminal nerve also innervates the muscles of mastication, which include the masseters, the pterygoids, and the temporalis. The patient is asked to clamp the jaws together, and then the examiner will try to open the patient’s jaw by pulling down on the lower mandible. Observe and palpate for contraction of both the temporalis and the masseter muscles. The pterygoids are tested by asking the patient to open the mouth. If one side is weak, the intact pterygoid muscles will push the weak muscles, resulting in a deviation toward the weak side. The corneal reflex tests the ophthalmic division of the trigeminal nerve (afferent) and the facial nerve (efferent).









Cranial Nerve VII: Facial Nerve


The facial nerve provides motor innervation to all muscles of facial expression; provides sensation to the anterior two thirds of the tongue and the external acoustic meatus; innervates the stapedius muscle, which helps dampen loud sounds by decreasing excessive movements of the ossicles in the inner ear; and provides secretomotor fibers to the lacrimal and salivary glands.


The facial nerve is first examined by watching the patient as she or he talks and smiles, watching specifically for eye closure, flattening of the nasolabial fold, and asymmetric elevation of one corner of the mouth. The patient is then asked to wrinkle the forehead (frontalis), close the eyes while the examiner attempts to open them (orbicularis oculi), puff out both cheeks while the examiner presses on the cheeks (buccinator), and show the teeth (orbicularis oris). A peripheral injury to the facial nerve, such as Bell’s palsy, affects both the upper and the lower face, whereas a central lesion typically affects mainly the lower face.









Cranial Nerve VIII: Vestibulocochlear Nerve


The vestibulocochlear nerve, also known as the auditory nerve, comprises two divisions. The cochlear nerve is the part of the auditory nerve responsible for hearing, while the vestibular nerve is related to balance. The cochlear division can be tested by checking gross hearing. A rapid screen can be done if the examiner rubs the thumb and index fingers near each ear of the patient. Patients with normal hearing usually have no difficulty hearing this.


The vestibular division is seldom included in the routine neurologic examination. Patients with dizziness or vertigo associated with changes in head position or suspected of having benign paroxysmal positional vertigo should be assessed with the Dix-Hallpike maneuver (Figure 1-1). The absence of nystagmus indicates normal vestibular nerve function. With peripheral vestibular nerve dysfunction, however, the patient complains of vertigo, and rotary nystagmus appears after an approximately 2- to 5-second latency, toward the direction in which the eyes are deviated. With repetition of maneuvers, the nystagmus and sensation of vertigo fatigue and ultimately disappear. In central vestibular disease, such as from a stroke, the nystagmus has latency and is nonfatigable.26 Rehabilitation therapists with training in vestibular rehabilitation can also provide invaluable data for developing a differential diagnosis of balance deficits.





[image: image]

FIGURE 1-1 The Dix-Hallpike maneuver is performed with the patient initially seated upright. The patient is asked to fall backward so that the head is below the plane of his or her trunk. The examiner then turns the patient’s head to one side and asks the patient to look in the direction to which the head is turned.











Cranial Nerves IX and X: Glossopharyngeal Nerve and Vagus Nerve


The glossopharyngeal nerve supplies taste to the posterior one third of the tongue, along with sensation to the pharynx and the middle ear. The glossopharyngeal nerve and vagus nerve are usually examined together. The patient’s voice quality should be noted, as hoarseness is usually associated with a lesion of the recurrent laryngeal nerve, a branch of the vagus nerve. The patient is asked to open the mouth and say “ah.” The examiner should inspect the soft palate, which should elevate symmetrically with the uvula in midline. In an LMN vagus nerve lesion, the uvula will deviate to the side that is contralateral to the lesion. A UMN lesion presents with the uvula deviating toward the side of the lesion.31


The gag reflex can be tested by depressing the patient’s tongue with a tongue depressor and touching the pharyngeal wall with a cotton tip applicator until the patient gags. The examiner should compare the sensitivity of each side (afferent: glossopharyngeal nerve) and observe the symmetry of the palatal contraction (efferent: vagus nerve). The absence of a gag reflex indicates loss of sensation and/or loss of motor contraction. The presence of a gag reflex does not imply the ability to swallow without risk of aspiration (see Chapter 27).57









Cranial Nerve XI: Accessory Nerve


The accessory nerve innervates the trapezius and sternocleidomastoid muscles. While standing behind the patient, the examiner should look for atrophy or spasm in the trapezius and compare the symmetry of both sides. To test the strength of the trapezius, the patient is asked to shrug the shoulders and hold them in this position against resistance. To test the strength of the sternocleidomastoid muscle, ask the patient to rotate the head against resistance. The ipsilateral sternocleidomastoid muscle turns the head to the contralateral side. The ipsilateral muscle brings the ear to the shoulder.









Cranial Nerve XII: Hypoglossal Nerve


The hypoglossal nerve is a pure motor nerve innervating the muscles of the tongue. It is tested by asking the patient to protrude the tongue, noting evidence of atrophy, fasciculation, or deviation. Fibrillations in the tongue are common in patients with amyotrophic lateral sclerosis.30 The tongue typically points to the side of the lesion in peripheral hypoglossal nerve lesions, but toward the opposite side of the lesion in UMN lesions such as stroke.












Sensory Examination


The examiner should be familiar with the normal dermatomal and peripheral nerve sensory distribution (Figure 1-2). Evaluation of the sensory system requires testing of both superficial sensation (light touch, pain, and temperature) and deep sensation (involves the perception of position and vibration from deep structures such as muscle, ligaments, and bone).
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FIGURE 1-2 Distribution of peripheral nerves and dermatomes.


(Redrawn from Haymaker W, Woodhall B: Peripheral nerve injuries, Philadelphia, 1953, Saunders, with permission.)





Light touch can be assessed with a fine wisp of cotton or a cotton tip applicator. The examiner should touch the skin lightly, avoiding excessive pressure. The patient is asked to respond when a touch is felt, and to say whether there is a difference between the two sides. Pain and temperature both travel via the spinothalamic tracts and are assessed using a safety pin or other sharp sanitary object, while occasionally interspersing the examination with a blunt object. Patients with peripheral neuropathy might have a delayed pain appreciation and often change their minds a few seconds after the initial stimuli. Some examiners use the single or double pinprick of brief duration to test for pain, while others use a continuous sustained pinprick to better test for delayed pain.50 Temperature testing is not often used and rarely provides additional information, but it is sometimes easier for patients to delineate insensate areas. Thermal sensation can be checked by using two different test tubes, one filled with hot water (not hot enough to burn) and one filled with cold water and ice chips.


Joint position sense or proprioception travel via the dorsal columns along with vibration sense. Proprioception is tested by vertical passive movement of the toes or fingers. The examiner holds the sides of the patient’s fingers or toes and asks the patient if the digits are in the upward or downward direction. It is important to grasp the sides of the digits rather than the nailbed, because the patient might be able to perceive pressure in these areas, reducing the accuracy of the examination. Most normal persons make no errors on these maneuvers.


Vibration is tested in the limbs with a 128-Hz tuning fork. The tuning fork is placed on a bony prominence such as the dorsal aspect of the terminal phalange of the great toe or finger, the malleoli, or the olecranon. The patient is asked to indicate when the vibration ceases. The vibration stimulus can be controlled by changing the force used to set the tuning fork in motion, or by noting the amount of time that a vibration is felt as the stimulus dissipates. Assuming the examiner is normal, both patient and examiner should feel the vibration cease at approximately the same time.


Two-point discrimination is most commonly tested using calipers with blunt ends. The patient is asked to close the eyes and indicate if one or two stimulation points are felt. The normal distance of separation that can be felt as two distinct points depends on the area of body being tested. For example, the lips are sensitive to a point separation of 2 to 3 mm, normally identified as two points. Commonly tested normal two-point discrimination areas include the fingertips (3 to 5 mm), the dorsum of the hand (20 to 30 mm), and the palms (8 to 15 mm).46


Graphesthesia is the ability to recognize numbers, letters, or symbols traced onto the palm. It is performed by writing recognizable numbers on the patient’s palm with his or her eyes closed. Stereognosis is the ability to recognize common objects placed in the hand, such as keys or coins. This requires normal peripheral sensation as well as cortical interpretation.









Motor Control






Strength


Manual muscle testing provides an important method of quantifying strength and is outlined in the musculoskeletal examination section below.









Coordination


The cerebellum controls movement by comparing the intended activity with actual activity that is achieved. The cerebellum smoothes motor movements and is intimately involved with coordination. Ataxia or motor coordination can be secondary to deficits of sensory, motor, or cerebellar connections. Ataxic patients who have intact function of the sensory and motor pathways usually have cerebellar compromise.


The cerebellum is divided into three areas: the midline, the anterior lobe, and the lateral hemisphere. Lesions affecting the midline usually produce truncal ataxia in which the patient cannot sit or stand unsupported. This can be tested by asking the patient to sit at the edge of the bed with the arms folded so they cannot be used for support. Lesions that affect the anterior lobe usually result in gait ataxia. In this case, the patient is able to sit or stand unsupported but has noticeable balance deficits on walking. Lateral hemisphere lesions produce loss of ability to coordinate movement, which can be described as limb ataxia. The affected limb usually has diminished ability to correct and change direction rapidly. Tests that are typically used to test for limb coordination include the finger-to-nose test and the heel-to-shin test.51


Rapid alternating movements can be tested by observing the amplitude, rhythm, and precision of movement. The patient is asked to place the hands on the thighs and then rapidly turn the hands over and lift them off the thighs for 10 seconds. Normal individuals can do this without difficulty. Dysdiadochokinesis is the clinical term for an inability to perform rapidly alternating movements.


The Romberg test can be used to differentiate a cerebellar deficit from a proprioceptive one. The patient is asked to stand with the heels together. The examiner notes any excessive postural swaying or loss of balance. If loss of balance is present when the eyes are open and closed, the examination is consistent with cerebellar ataxia. If the loss of balance occurs only when the eyes are closed, this is classically known as a positive Romberg sign indicating a proprioceptive (sensory) deficit.46









Apraxia


Apraxia is the loss of the ability to carry out programmed or planned movements despite adequate understanding of the tasks. This deficit is present even though the patient has no weakness or sensory loss. To accomplish a complex act, there first must be an idea or a formulation of a plan. The formulation of the plan then must be transferred into the motor system where it is executed. The examiner should watch the patient for motor-planning problems during the physical examination. For example, a patient might be unable to perform transfers and other mobility tasks but has adequate strength on formal manual muscle testing.


Ideomotor apraxia associated with a lesion of the dominant parietal lobe occurs when a patient cannot carry out motor commands but can perform the required movements under different circumstances. These patients usually can perform many complex acts automatically but cannot carry out the same acts on command. Ideational apraxia refers to the inability to carry out sequences of acts, although each component can be performed separately. Other forms of apraxia are constructional, dressing, oculomotor, oromotor, verbal, and gait apraxia. Dressing and constructional apraxia are often related to impairments of the nondominant parietal lobe, which typically are the result of neglect rather than actual deficit in motor planning.46









Involuntary Movements


Documenting involuntary movements is important in the overall neurologic examination. A careful survey of the patient usually shows the presence or absence of voluntary motor control. Tremor is the most common type of involuntary movement and is a rhythmic movement of a body part. Lesions in the basal ganglia produce characteristic movement disorders. Chorea describes movements that consist of brief, random, nonrepetitive movements in a fidgety patient unable to sit still. Athetosis consists of twisting and writhing movements and is commonly seen in cerebral palsy. Dystonia is a sustained posturing that can affect small or large muscle groups. An example is torticollis, in which dystonic neck muscles pull the head to one side. Hemiballismus occurs when there are repetitive violent flailing movements that are usually caused by deficits in the subthalamic nucleus.52









Tone


Tone is the resistance of muscle to stretch or passive elongation (see Chapter 30). Spasticity is a velocity-dependent increase in the stretch reflex, whereas rigidity is the resistance of the limb to passive movement in the relaxed state (non–velocity dependent). Variability in tone is common, as patients with spasticity can vary in their presentation throughout the day and with positional changes or mood. Some patients will demonstrate little tone at rest (static tone) but experience a surge of tone when they attempt to move the muscle during a functional activity (dynamic tone). Accurate assessment of tone might require repeated examinations.56


Initial observation of the patient usually shows abnormal posturing of the limbs or trunk. Palpation of the muscle also provides clues, because hypotonic muscles feel soft and flaccid on palpation, whereas hypertonic muscles feel firm and tight. Passive range of motion (ROM) provides information about the muscle in response to stretch. The examiner provides firm and constant contact while moving the limbs in all directions. The limb should move easily and without resistance when altering the direction and speed of movement. Hypertonic limbs feel stiff and resist movement, while flaccid limbs are unresponsive. The patient should be told to relax because these responses should be examined without any voluntary control. Clonus is a cyclic alternation of muscular contraction in response to a sustained stretch, and is assessed using a quick stretch stimulus that is then maintained. Myoclonus refers to sudden, involuntary jerking of a muscle or group of muscles. Myoclonic jerks can be normal because they occasionally happen in normal individuals and are typically part of the normal sleep cycle. Myoclonus can result from hypoxia, drug toxicity, and metabolic disturbances. Other causes include degenerative disorders affecting the basal ganglia and certain dementias.61


Tone can be quantified by the Modified Ashworth Scale, a six-point ordinal scale. A pendulum test can also be used to quantify spasticity. While in the supine position, the patient is asked to fully extend the knee and then allow the leg to drop and swing like a pendulum. A normal limb swings freely for several cycles, whereas a hypertonic limb quickly returns to the initial dependent starting position.67


The Tardieu Scale has been suggested to be a more appropriate clinical measure of spasticity than the Modified Ashworth Scale. It involves assessment of resistance to passive movement at both slow and fast speeds. Measurements are usually taken at 3 velocities (V1, V2, and V3). V1 is taken as slow as possible, slower than the natural drop of the limb segment under gravity. V2 is taken at the speed of the limb falling under gravity. V3 is taken with the limb moving as fast as possible, faster than the natural drop of the limb under gravity. Responses are recorded at each velocity and the degrees of angle at which the muscle reaction occurs.34












Reflexes






Superficial Reflexes


The plantar reflex is the most common superficial reflex examined. A stimulus (usually by the handle end of a reflex hammer) is applied on the sole of the foot from the lateral border up and across the ball of the foot. A normal reaction consists of flexion of the great toe or no response. An abnormal response consists of dorsiflexion of the great toe with an associated fanning of the other toes. This response is the Babinski sign and indicates dysfunction of the corticospinal tract but no further localization. Stroking from the lateral ankle to the lateral dorsal foot can also produce dorsiflexion of the great toe (Chaddock sign). Flipping the little toe outward can produce the upgoing great toe also, and is called the Stransky sign. Other superficial reflexes include the abdominal, cremasteric, bulbocavernous, and superficial anal reflexes (Table 1-7).52




Table 1-7 Important Normal Superficial Reflexes


[image: image]











Muscle Stretch Reflexes


Muscle stretch reflexes (which in the past were called deep tendon reflexes) are assessed by tapping over the muscle tendon with a reflex hammer (Table 1-8). In order to elicit a response, the patient is positioned into the midrange of the arc of joint motion and instructed to relax. Tapping of the tendon results in visible movement of the joint. The response is assessed as 0, no response; 1+, diminished but present and might require facilitation; 2+, usual response; 3+, more brisk than usual; and 4+, hyperactive with clonus. If muscle stretch reflexes are difficult to elicit, the response can be enhanced by reinforcement maneuvers such as hooking together the fingers of both hands while attempting to pull them apart (Jendrassik maneuver). While pressure is still maintained, the lower limb reflexes can be tested. Squeezing the knees together and clenching the teeth can reinforce responses to the upper limbs.46


Table 1-8 Muscle Stretch Reflexes






	Muscle

	Peripheral nerve

	Root level






	Biceps

	Musculocutaneous nerve

	C5, C6






	Brachioradialis

	Radial nerve

	C5, C6






	Triceps

	Radial nerve

	C7, C8






	Pronator teres

	Median nerve

	C6, C7






	Patella (quadriceps)

	Femoral nerve

	L2–L4






	Medial hamstrings

	Sciatic (tibial portion) nerve

	L5–S1






	Achilles

	Tibial nerve

	S1, S2














Primitive Reflexes


Primitive reflexes are abnormal adult reflexes that represent a regression to a more infantile level of reflex activity. Redevelopment of an infantile reflex in an adult suggests significant neurologic abnormalities. Examples of primitive reflexes include the sucking reflex, in which the patient sucks the area around which the mouth is stimulated. The rooting reflex is elicited by stroking the cheek, resulting in the patient turning toward that side and making sucking motions with the mouth. The grasp reflex occurs when the examiner places a finger on the patient’s open palm. Attempting to remove the finger causes the grip to tighten. The snout reflex occurs when a lip-pursing movement occurs when there is a tap just above or below the mouth. The palmomental response is elicited by quickly scratching the palm of the hand. A positive reflex is indicated by sudden contraction of the mentalis (chin) muscle. It arises from unilateral damage of the prefrontal area of the brain.53












Gait


Gait evaluation is an important and often neglected part of the neurologic evaluation. Gait is described as a series of rhythmic, alternating movements of the limbs and trunks that result in the forward progression of the center of gravity.9 Gait is dependent on input from several systems including the visual, vestibular, cerebellar, motor, and sensory systems. The cause of dysfunction can be determined by understanding the aspects of gait involved. One example is difficulty getting up, which is consistent with Parkinson’s disease, or a lack of balance and wide-based gait, which is suggestive of cerebellar dysfunction.


The examination starts by asking the patient to walk across the room in a straight line. This can also be assessed by observing the patient walking from the waiting area into the examination room. The patient is then asked to stand from a chair, walk across the room, and come back toward the examiner. The examiner should pay particular attention to the following:



1. Ease of arising from a seated position. Can the patient easily arise from a sitting position? Difficulty with a sit-to-stand task may indicate proximal muscle weakness, movement disorders with difficulty initiating movements, or a balance problem.



2. Balance. Does the patient lean or veer off to one side, which is an indication of cerebellar dysfunction? Patients with medullary lesions and cerebellar lesions tend to push to the side of the lesion. Diffuse disease affecting both cerebellar hemispheres can cause a generalized loss of balance. Patients with cerebellar disorders usually have balance issues with or without their eyes open. Patients with proprioceptive dysfunction can use their visual input to compensate for their sensory deficit.



3. Walking speed. Does the patient start off slow and then accelerate uncontrollably? Patients with Parkinson’s disease will have problems initiating movements, but then lose their balance once they are in motion. Patients with pain such as knee or hip arthritis often have limitations of ROM affecting gait speed. It has been shown that a self-selected gait speed of less than 0.8 m/s is a risk factor for falls in the stroke population.59 The speed of walking remains stable until about age 70 when there is a 15% decline per decade. Gait speed is lower because elderly people take shorter steps. 7




4. Stride and step length. Does the patient take a small step or shuffle while walking? Patients with normal pressure hydrocephalus and Parkinson’s disease usually take small steps or shuffle (decreasing their step and stride length). Stride length is the linear distance between successive corresponding points of heel contact of the same foot, whereas step length is the distance between corresponding successive contact points of opposite feet.9 An average step length is approximately 2 feet for women and 2.5 feet for men.73




5. Attitude of arms and legs. How does the patient hold his or her arms and legs? Loss of movement as in a spastic or contracted patient should be assessed. Patients with knee extension weakness might swing their knees into terminal extension, thereby locking their knee (genu recurvatum). The patient is then asked to also walk heel to toe in a straight line. Ask the patient to walk in a straight line by putting one heel of one foot directly in front of the toe of the other. This is also called tandem gait and is a test of higher balance. Tandem gait can be difficult for older patients, and in some other medical conditions (even without neurologic disease). Other tests to assess gait function include observing patients walk on their toes and heels. Balance can also be assessed by asking patients to hop in place and to do a shallow knee bend. Gait disorders have stereotypical patterns that reflect injury to various aspects of the neurologic system (Table 1-9).


Table 1-9 Common Gait Disturbances






	Gait Type

	Disease or Anatomic Location

	Gait Characteristics






	Hemiplegic

	Unilateral upper motor neuron lesions with spastic hemiplegia

	The affected lower limb is difficult to move, and knee is held in extension. With ambulation, the leg swings away from the center of the body, and the hip hikes upward to prevent the toes and foot from striking the floor. This is known as “circumduction.” If the upper limb is involved, there may be decreased arm swing with ambulation.30 The upper limb has a flexor synergy pattern resulting in shoulder adduction, elbow and wrist flexion, and a clinched fist.






	Scissoring

	Bilateral corticospinal tract lesions often seen in patients with cerebral palsy, incomplete spinal cord injury, and multiple sclerosis

	Hypertonia in the legs and hips results in flexion and the appearance of a crouched stance. The hip adductors are overactive causing the knees and thighs to touch or cross in a “scissor-like” movement. In cerebral palsy, there can be associated ankle plantar flexion forcing the patient to tiptoe walk. The step length is shortened by the severe adduction or scissoring of the hip muscles.30







	Ataxic

	Cerebellar dysfunction or severe sensory loss (such as tabes dorsalis)

	Ataxic gait is characterized by a broad-based stance and irregular step and stride length. In ataxic gait from proprioceptive dysfunction (tabes dorsalis), gait will markedly worsen with the eyes closed. There is a tendency to sway, while watching the floor usually helps guide the uncertain steps. Ataxic gait from cerebellar dysfunction will not worsen with eyes closed. Movement of the advancing limb starts slowly, and then there is an erratic movement forward or laterally. The patient will try to correct the error but usually overcompensates. Tandem gait exacerbates cerebellar ataxia.74







	Myopathic

	Myopathies cause weakness of the proximal leg muscles.

	Myopathies result in a broad-based gait and a “waddling-type” appearance as the patient tries to compensate for pelvic instability. Patients will have problems with climbing stairs or rising from a chair without using their arms. When going floor to standing, the patient will use their arms and hands to climb up their legs—known as Gower’s sign.13







	Trendelenberg

	Caused by weakness of the abductor muscles (gluteus medius and gluteal minimus) as in superior gluteal nerve injury, poliomyelitis, or myopathy

	During the stance phase, the abductor muscle allows the pelvis to tilt down on the opposite side. In order to compensate, the trunk lurches to the weakened side to maintain the pelvis level during the gait cycle. This results in a waddling-type gait with an exaggerated compensatory sway of the trunk toward the weight-bearing side. It is important to understand that the pelvis sags on the opposite side of the weakened abductor muscle.13







	Parkinsonian

	Seen in Parkinson’s disease and other disorders of the basal ganglia

	Patients have a stooped posture, narrow base of support, and a shuffling gait with small steps. As the patient starts to walk, the movements of the legs are usually slow with the appearance of the feet sticking to the floor. They might lean forward while walking so the steps become hurried, resulting in shuffling of the feet (festination). Starting, stopping, or changing directions quickly is difficult, and there is a tendency for retropulsion (falling backwards when standing). The whole body moves rigidly requiring many short steps and there is loss of normal arm swing. There can be a “pill-rolling” tremor while the patient walks.74







	Steppage

	Diseases of the peripheral nervous system including L5 radiculopathy, lumbar plexopathies, and peroneal nerve palsy

	The patient with foot drop has difficulty dorsiflexing the ankle. The patient compensates for the foot drop by lifting the affected extremity higher than normal to avoid dragging the foot. Weak dorsiflexion leads to poor heel strike with the foot slapping on the floor.30 An ankle-foot orthosis can be helpful.






	Apraxic

	Gait impairment when there is no evidence of sensory loss, weakness, vestibular dysfunction, or cerebellar deficit; seen in frontal lobe injuries such as a stroke and traumatic brain injury

	Despite difficulty with ambulation, patients can perform complex coordinated activities with the lower limbs.70


















Musculoskeletal Examination






Caveats


The musculoskeletal examination (MSK examination) confirms the diagnostic impression and lays the foundation for the physiatric treatment plan. It incorporates inspection, palpation, passive and active ROM, assessment of joint stability, manual muscle testing and joint-specific provocative maneuvers, or special tests (Table 1-10).28,35,48 The functional unit of the musculoskeletal system is the joint. The comprehensive examination of a joint includes related structures such as muscles, ligaments, and the synovial membrane and capsule.63 The physiatric MSK examination also indirectly tests coordination, sensation, and endurance.28,44 There is overlap between the examination (and clinical presentation) of the neurologic and musculoskeletal systems. The primary impairment in many cases in neurologic disease is the secondary musculoskeletal complications of immobility and suboptimal movement (in which the concept of the kinetic chain is important for evaluation). The MSK examination should be performed in a routine sequence for efficiency and consistency, and must be approached with a solid knowledge of the anatomy. The reader is referred to several excellent references that provide in-depth reviews of the MSK examination.∗


Table 1-10 Musculoskeletal Provocative Maneuvers






	Test

	Description

	Reliability (%)






	Cervical Spine Tests






	Spurling’s/neck compression test

	A positive test is reproduction of radicular symptoms distant from the neck with passive lateral flexion and compression of the head.

	


Sensitivity: 40-60



Specificity: 92-100









	Shoulder abduction (relief) sign

	A positive test is relief or reduction of ipsilateral cervical radicular symptoms with active abduction of the ipsilateral arm with the hand on the head.

	


Sensitivity: 43-50



Specificity: 80-100









	Neck distraction test

	A positive test is relief or reduction of cervical radicular symptoms with an axial traction force applied by the examiner under the occiput and the chin while the patient is supine.

	


Sensitivity: 40-43



Specificity: 100%









	Lhermitte’s sign

	A positive test is the presence of electric-like sensations down the extremities with passive cervical forward flexion.

	


Sensitivity: <28



Specificity: high









	Hoffmann’s sign

	A positive test is flexion-adduction of ipsilateral thumb and index finger with passive snapping flexion of the distal phalanx of the middle finger.

	


Sensitivity: 58



Specificity: 78









	Thoracic Outlet Tests






	Adson’s test

	A positive test is a decrease or obliteration of the ipsilateral radial pulse with inspiration, chin elevation, and head rotation to the ipsilateral side.

	


Specificity: 18-87



Sensitivity: 94









	Wright’s hyperabduction test

	A positive test is obliteration of the palpated radial pulse at the wrist when the ipsilateral arm is elevated to 90 degrees.

	Unavailable






	Roos test

	A positive test reproduces the patient’s usual upper limb symptoms within 3 minutes of moderate opening and closing of the fist with the arms and elbows flexed to 90 degrees.

	Unavailable






	Costoclavicular test

	A positive test is indicated by a reduction in the radial pulse with shoulder retraction and depression as well as chest protrusion for 1 minute.

	Unavailable






	Rotator Cuff/Supraspinatus Tests






	Empty can/supraspinatus test

	A positive test is pain or weakness in the ipsilateral shoulder with resisted abduction of the shoulder, which is in internal rotation, with the thumb pointing toward the floor, and a forward angulation of 30 degrees.

	


Sensitivity: 79



Specificity: 38-50









	Drop arm test

	A positive test is noted if the patient is unable to return the arm to the side slowly or has severe pain after the examiner abducts the patient’s shoulder to 90 degrees and then asks the patient to slowly lower the arm to the side.

	Unavailable






	Rotator Cuff/Infraspinatus and Teres Minor Tests






	Patte’s test

	A positive test is pain or inability to support the arm or rotate the arm laterally with the elbow at 90 degrees and the arm at 90 degrees of forward elevation in the plane of the scapula. This indicates tears of the infraspinatus and/or teres minor muscles.

	


Sensitivity: 36-71



Specificity: 71-91









	Lift-off test

	A positive test is the inability to lift the dorsum of his hand off the back with the arm internally rotated behind the back as starting position. This indicates subscapularis pathology.

	


Sensitivity: 50



Specificity: 84-95









	Scapular Tests






	Lateral scapular slide test

	This test allows for identification of scapulothoracic motion deficiencies using the contralateral side as an internal control The reference point used is the nearest spinous process. A scapulothoracic motion abnormality is noted if there is at least a 1-cm difference. The first position of the test is with the arm relaxed at the side. The second is with the hands on the hips with the fingers anterior and the thumb posterior with about 10 degrees of shoulder extension. The third position is with the arms at or below 90 degrees of arm elevation with maximal internal rotation at the glenohumeral joint. These positions offer a graded challenge to the functioning of the shoulder muscles to stabilize the scapula.

	


Sensitivity: 28-50



Specificity: 48-58









	Isometric pinch test

	Used to evaluate scapular muscle strength. The patient is asked to retract the scapula into an “isometric pinch.” Scapular muscle weakness can be noted as a burning pain in less than 15 seconds. Normally, the scapula can be held in this position for 15 to 20 seconds with no discomfort.

	Unavailable






	Scapular assistance test

	A positive test is when symptoms of impingement, clicking, or rotator cuff weakness are improved when assisting the lower trapezius by manually stabilizing the upper medial border (of the scapula) and rotating the inferomedial border as the arm is abducted or adducted.

	Unavailable






	Scapular retraction test

	The test involves manually positioning and stabilizing the entire medial border of the scapula, which indicates trapezius and rhomboid weakness. The test is positive when there is increased muscle strength or decreased pain or signs of impingement with the scapula in the stabilized position.

	Unavailable






	Biceps Tendon Tests






	Yergason’s test

	The test is done with the elbow flexed to 90 degrees, with the forearm in pronation. The examiner holds the patient’s wrist to resist supination and then directs active supination be made against his or her resistance. Pain that localizes in the bicipital groove indicates pathology of the long head of the biceps. It can also be positive in fractures of the lesser tuberosity of the humerus.

	


Sensitivity: 37



Specificity: 86









	Speed’s test

	A positive test is pain in the bicipital groove with resisted anterior flexion of the shoulder with extension of the elbow and forearm supination.

	


Sensitivity: 68-69



Specificity: 14-55









	Shoulder Impingement Tests






	Neer’s sign test

	The test is positive if pain is reproduced with forward flexion of the arm in internal rotation or in the anatomic position of external rotation. The pain is thought to be caused by impingement of the rotator cuff by the undersurface of the anterior margin of the acromion or coracoacromial ligament.

	


Sensitivity: 75-88



Specificity: 31-51









	Hawkin’s test

	This test is positive if there is pain with forward flexion of the humerus to 90 degrees with forcible internal rotation of the shoulder. This drives the greater tuberosity under the coracoacromial ligament resulting in rotator cuff impingement.

	


Sensitivity: 83-92



Specificity: 38-56









	Yocum’s test

	This test is positive if there is pain with raising the elbow while the ipsilateral hand is on the contralateral shoulder.

	Unavailable






	Shoulder Stability Tests






	Apprehension test

	The test is positive if there is pain or apprehension while the shoulder is moved passively into maximal external rotation while in abduction followed by forward pressure applied to the posterior aspect of the humeral head. This test can be done either in the standing or supine position.

	


Sensitivity: 69



Specificity: 50









	Fowler’s sign

	The examiner performs the apprehension test and at the point where the patient feels pain or apprehension the examiner applies a posteriorly directed force to the humeral head. If the pain persists despite the posteriorly applied force, it is primary impingement. If there is full pain-free external range, it is a result of instability.

	


Sensitivity: 30-68



Specificity: 44-100









	Load and shift test

	The scapula is stabilized by securing the coracoid and the spine of the scapula with one hand with the patient in a sitting or supine position. The humeral head is then grasped with the other hand to glide it anteriorly and posteriorly. The degree of glide is graded mild, moderate, or severe.

	


Sensitivity: 91



Specificity: 93









	Labral Pathology Tests






	Active compression test (O’Brien)

	The patient is asked to forward flex the affected arm 90 degrees with the elbow in full extension. The patient then adducts the arm 10 to 15 degrees medial to the sagittal plane of the body with the arm internally rotated so the thumb is pointed downward. The examiner then applies downward force to the arm. With the arm in the same position, the palm is then supinated and the maneuver is repeated. The test is considered positive if pain is elicited with the first maneuver and is reduced or eliminated with the second maneuver.

	


Sensitivity: 32-100



Specificity: 13-98.5









	Crank test

	With the patient in an upright position, the arm is elevated to 160 degrees in the scapular plane. Joint load is applied along the axis of the humerus with one hand while the other performs humeral rotation. A positive test is when there is pain during the maneuver during external rotation with or without a click, or reproduction of the symptoms. The test should be repeated in the supine position when the muscles are more relaxed.

	


Sensitivity: 46-91



Specificity: 56-100









	Compression-rotation test

	With the patient supine, the shoulder is abducted to 90 degrees, and the elbow flexed at 90 degrees. A compression force is applied to the humerus, which is then rotated, in an attempt to trap the torn labrum with reproduction of a snap or catch.

	


Sensitivity: 80



Specificity: 19-49









	Acromioclavicular Joint Tests






	Apley scarf test

	A positive test is pain at the acromioclavicular joint with passive adduction of the arm across the sagittal midline attempting to approximate the elbow to the contralateral shoulder.

	Unavailable






	Lateral and Medial Epicondylitis Tests






	Resisted wrist extension

	For lateral elbow pain, the test is positive if pain is worsened with extension of the wrist against resistance.

	Unavailable






	Resisted wrist flexion and pronation

	This test is positive if medial epicondylar pain is reproduced with forced wrist extension as the patient maintains the elbow in 90 degrees of flexion, with the forearm supinated with the wrist flexed. A positive test indicates involvement of the flexor carpi radialis tendon. Medial elbow pain is most exacerbated with the elbow flexed.

	Unavailable






	Elbow Stability Tests






	Posterolateral rotatory instability

	This test is used to uncover a dislocated radiohumeral joint, which manifests as an obvious dimpling of the skin, generally at a maximum of 40 degrees of elbow flexion. The test is accomplished starting with the patient’s forearm in full supination with the elbow in full extension, the examiner slowly flexes the elbow while applying valgus and supination moments and an axial compression force, producing a rotary subluxation of the ulnohumeral joint.

	Unavailable






	Varus stress

	This test is positive if there is excessive gapping on the lateral aspect of the elbow joint. The arm is placed in 20 degrees of flexion with slight supination beyond neutral. The examiner gently stresses the lateral side of the elbow joint.

	Unavailable






	Jobe’s test (valgus stress)

	This test is positive if there is excessive gapping on the medial aspect of the elbow joint. The elbow is placed in 25 degrees of flexion to unlock the olecranon from its fossa. The examiner gently stresses the medial side of the elbow joint.

	Unavailable






	Carpal Ligament and Joint Tests






	Reagan’s test (lunotriquetral ballottement test)

	The lunate is fixed with the thumb and index finger of one hand while the other hand displaces the triquetrum and pisiform first dorsally then palmarly.

	


Sensitivity: 64



Specificity: 44









	Watson’s test (scaphoid shift test)

	With the forearm slightly pronated, the examiner grasps the wrist from the radial side, placing his thumb on the palmar prominence of the scaphoid and wrapping his fingers around the distal radius. The examiners other hand grasps at the metacarpal level, controlling wrist position. Starting in ulnar deviation and slight extension, the wrist is moved radially and slightly flexed, with constant pressure on the scaphoid.

	


Sensitivity: 69



Specificity: 64









	Shear test to assess the lunate triquetral ligament

	The examiner’s contralateral fingers are placed over the dorsum of the lunate. With the lunate supported, the examiner’s ipsilateral thumb loads the pisotriquetral joint from the palmar aspect, creating a shear force at the lunate-triquetral joint.

	Unavailable






	Ulnocarpal stress

	Pronation and supination of the forearm with ulnar deviation of hand generally evokes the wrist symptoms.

	Unavailable






	Finkelstein test

	This test is positive if there is pain at the styloid process of the radius as the patient places the thumb within the hand, which is held tightly by the fingers, followed by ulnar deviation of the hand.

	Unavailable






	Thumb basilar joint grind test

	The basal joint grind test is performed by stabilizing the triquetrum with the thumb and index finger and then dorsally subluxing the thumb metacarpal on the trapezium while providing compressive force with the other hand.

	Unavailable






	Median Nerve Tests at the Wrist






	Carpal compression test

	This test consists of gentle, sustained, firm pressure to the median nerve of each hand simultaneously. Within a short time (15 seconds to 2 minutes) the patient will complain of reproduction of pain, paresthesia, and/or numbness in the symptomatic wrist(s).

	


Sensitivity: 87



Specificity: 90









	Phalen’s test (wrist flexion)

	This test is positive if there is numbness and paresthesia in the fingers. The patient is asked to hold the forearms vertically and to allow both hands to drop into flexion at the wrist for approximately 1 minute.

	


Sensitivity: 71-80



Specificity: 20-80









	Wrist extension test (reverse Phalen’s test)

	The patient is asked to keep both wrists in complete dorsal extension for 1 minute. If numbness and tingling were produced or exaggerated in the median nerve distribution of the hand within 60 seconds, the test is judged to be positive.

	


Sensitivity: 43



Specificity: 74









	Tinel’s sign at the wrist

	This test is positive if there is numbness and paresthesia in the fingers. It is done by extending the wrist and tapping in a proximal to distal direction over the median nerve as it passes through the carpal tunnel, from the area of the distal wrist crease, 2 to 3 cm toward the area between the thenar and hypothenar eminences.

	


Sensitivity: 25-44



Specificity: 94-98









	Lumbar Spine Motion Tests






	Schober test

	The first sacral spinous process is marked, and a mark is made about 10 cm above this mark. The patient then flexes forward, and the increased distance is measured.

	Unavailable






	Modified Schober test

	A point is drawn with a skin marker at the spinal intersection of a line joining the dimples of Venus (S1). Additional marks are made 10 cm above and 5 cm below S1. Subjects are asked to bend forward, and the distance between the marks 10 cm above and 5 cm below S1 is measured.

	


Specificity: 95



Sensitivity: 25









	Lumbar Disk Herniation Tests






	Straight-leg raise

	The supine patient’s leg is raised with the knee extended until the patient begins to feel pain, and the type and distribution of the pain as well as the angle of elevation are recorded. The test is positive when the angle is between 30 and 70 degrees and pain is reproduced down the posterior thigh below the knee.

	


Sensitivity:72-97



Specificity: 11-66









	Crossed straight-leg raise

	The supine patient’s contralateral leg is raised with the knee extended until the patient begins to feel pain in the ipsilateral leg, and the type and distribution of the pain as well as the angle of elevation are recorded. The test is positive when the angle is between 30 and 70 degrees and pain is reproduced down the ipsilateral posterior thigh below the knee.

	


Sensitivity: 23-29



Specificity: 88-100









	Bowstring sign

	After a positive straight-leg raise, the knee is slightly flexed while pressure is applied to the tibial nerve in the popliteal fossa. Compression of the sciatic nerve reproduces leg pain.

	Sensitivity: 71






	Slump test

	The patient is seated with legs together and knees against the examining table. The patient slumps forward as far as possible, and the examiner applies firm pressure to bow the subject’s back while keeping sacrum vertical. The patient is then asked to flex the head, and pressure is added to the neck flexion. Last, the examiner asks the subject to extend the knee, and dorsiflexion at the ankle is added.

	Unavailable






	Ankle dorsiflexion test (Braggard’s sign)

	After a positive straight-leg raise, the leg is dropped to a nonpainful range, and the ipsilateral ankle is dorsiflexed, reproducing the leg pain.

	Sensitivity: 78-94






	Femoral nerve stretch test

	With the patient prone, the knee is dorsiflexed. Pain is produced in the anterior aspect of the thigh and/or back.

	Sensitivity: 84-95






	Sacroiliac Joint Pathology Tests






	Standing flexion test

	This test is performed with the patient standing, facing away from the examiner with his feet approximately 12 inches apart so that the patient’s feet are parallel and approximately acetabular distance apart. The examiner then places his thumbs on the inferior aspect of each posterior superior iliac spine (PSIS). The patient is asked to bend forward with both knees extended. The extent of the cephalad movement of each PSIS is monitored. Normally, the PSIS should move equally. If one PSIS moves superiorly and anteriorly compared with the other, this is the side of restriction.

	Unavailable






	Seated flexion test

	This test is performed with the patient seated with both feet on the floor. The examiner stands or sits behind the patient with the eyes at the level of the iliac crests and places his thumbs on each PSIS; the patient is instructed to flex forward. The test is positive if one PSIS moves unequally cephalad with respect to the other PSIS. The side with the greatest cephalad excursion implies articular restriction and hypomobility. While the patient is seated, the innominates are fixed in place, thus isolating out iliac motion.

	Unavailable






	Gillet test (One-leg Stork test)

	This test is performed with the patient standing, facing away from the examiner, with the feet approximately 12 inches apart. The examiner places thumbs on each PSIS. The patient is then asked to stand on one leg while flexing the contralateral hip and knee to the chest.

	Unavailable






	Compression test

	The examiner places both hands on the patient’s anterior superior iliac spine (ASIS) and exerts a medial force bilaterally to implement the test. The compression test is more frequently performed with the patient in a side-lying position. The examiner stands behind the patient and exerts a downward force at the upper part of the iliac crest.

	Unavailable






	Gapping test (Distraction)

	This test is performed with the patient in a supine position. The examiner places the heel of both hands at the same time on each ASIS, pressing downward and laterally.

	Unavailable






	Patrick (FABERE) test

	With the patient supine on a level surface, the thigh is flexed and the ankle is placed above the patella of the opposite extended leg. As the knee is depressed, with the ankle maintaining its position above the opposite knee, the opposite ASIS is pressed, and the patient will complain of pain before the knee reaches the level obtained in normal persons.

	Unavailable






	Gaenslen’s test

	The patient lies supine, flexes the ipsilateral knee and hip against the chest with the aid of both hands clasped about the flexed knee. This brings the lumbar spine firmly in contact with the table and fixes both the pelvis and lumbar spine. The patient is then brought well to the side of the table, and the opposite thigh is slowly hyperextended with gradually increasing force by pressure of the examiner’s hand on the top of the knee. With the opposite hand, the examiner assists the patient in fixing the lumbar spine and pelvis by pressure over the patient’s clasped hands. The hyperextension of the hip exerts a rotating force on the corresponding half of the pelvis in the sagittal plane through the transverse axis of the sacroiliac joint. The rotating force causes abnormal mobility accompanied by pain, either local or referred on the side of the lesion.

	Unavailable






	Shear test

	This test consists of the patient lying in the prone position, and the examiner applies a pressure to the sacrum near the coccygeal end, directly cranially. The ilium is held immobile through the hip joint as the examiner applies counter pressure against legs in the form of traction force directed caudad. The test is considered positive if the maneuver aggravates the patient’s typical pain.

	Unavailable






	Fortin finger test

	The subject is asked to point to the region of pain with one finger. It is positive if the patient can localize the pain with one finger to an area inferomedial to the PSIS within 1 cm, and the patient consistently pointed to the same area over at least two trials.

	Unavailable






	Hip Tests






	Thomas test

	The patient lies supine while the examiner checks for excessive lordosis. The examiner flexes one of the patient’s hips, bringing the knee to the chest, flattening out the lumbar spine while the patient holds the flexed hip against the chest. If there is no flexion contracture, the hip being tested (the straight leg) remains on the examining table. If a contracture is present, the patient’s leg rises off the table. The angle of the contracture can be measured.

	Unavailable






	Ely test

	The patient lies prone while the examiner passively flexes the patient’s knee. Upon flexion of the knee, the patient’s hip on the same side spontaneously flexes, indicating that the rectus femoris muscle is tight on that side and that the test is positive. The two sides should be tested and compared.

	Unavailable






	Ober test

	The patient lies on his side with the thigh next to the table flexed to obliterate any lumbar lordosis. The upper leg is flexed at a right angle at the knee. The examiner grasps the ankle lightly with one hand and steadies the patient’s hip with the other. The upper leg is abducted widely and extended so that the thigh is in line with the body. If there is an abduction contracture, the leg will remain more or less passively abducted.

	Unavailable






	Piriformis test

	The patient is placed in the side-lying position with the non–test leg against the table. The patient flexes the test hip to 60 degrees with the knee flexed, while the examiner applies a downward pressure to the knee. Pain is elicited in the muscle if the piriformis is tight.

	Unavailable






	Trendelenburg test

	The patient is observed standing on one limb. The test is felt to be positive if the pelvis on the opposite side drops. A positive Trendelenburg test is suggestive of a weak gluteus muscle or an unstable hip on the affected side.

	


Sensitivity: 72.7



Specificity: 76.9









	Patrick (FABERE) test

	See above.

	Unavailable






	Stinchfield test

	With the patient supine and the knee extended, the examiner resists the patient’s hip flexion at 20 to 30 degrees. Reproduction of groin pain is considered a positive test indicating intraarticular hip dysfunction.

	Unavailable






	Anterior Cruciate Ligament Tests






	Anterior drawer test

	The subject is supine, hip flexed to 45 degrees with the knee flexed to 90 degrees. The examiner sits on the subject’s foot, with hands behind the proximal tibia and thumbs on the tibial plateau. Anterior force is applied to the proximal tibia. Hamstring tendons are palpated with index fingers to ensure relaxation. Increased tibial displacement compared with the opposite side is indicative of an anterior cruciate ligament tear.

	


Sensitivity: 22-70



Specificity: 97









	Lachman test

	The patient lies supine. The knee is held between full extension and 15 degrees of flexion. The femur is stabilized with one hand while firm pressure is applied to the posterior aspect of the proximal tibia in an attempt to translate it anteriorly.

	Sensitivity: 80-99






	Pivot shift test

	The leg is picked up at the ankle. The knee is flexed by placing the heel of the hand behind the fibula. As the knee is extended, the tibia is supported on the lateral side with a slight valgus strain. A strong valgus force is placed on the knee by the upper hand. At approximately 30 degrees of flexion, the displaced tibia will suddenly reduce, indicating a positive pivot shift test.

	


Sensitivity: 35-95



Specificity: 98-100









	Posterior Cruciate Ligament Tests






	Posterior sag sign

	The patient lies supine with the hip flexed to 45 degrees and the knee flexed to 90 degrees. In this position, the tibia “rocks back,” or sags back, on the femur if the posterior cruciate ligament is torn. Normally, the medial tibial plateau extends 1 cm anteriorly beyond the femoral condyle when the knee is flexed 90 degrees.

	


Sensitivity: 79



Specificity: 100









	Posterior drawer test

	Subject is supine with the test hip flexed to 45 degrees, knee flexed to 90 degrees, and foot in neutral position. The examiner sits on the subject’s foot with both hands behind the subject’s proximal tibia and thumbs on the tibial plateau. A posterior force is applied to the proximal tibia. Increased posterior tibial displacement as compared with the uninvolved side is indicative of a partial or complete tear of the posterior cruciate ligament.

	


Sensitivity: 90



Specificity: 99









	Patellofemoral Tests






	Patellar grind test (compression test)

	The subject is supine with the knees extended. The examiner stands next to the involved side and places the web space of the thumb on the superior border of the patella. The subject is asked to contract the quadriceps muscle while the examiner applies downward and inferior pressure on the patella. Pain with movement of the patella or an inability to complete the test is indicative of patellofemoral dysfunction.

	Unavailable






	Knee Meniscal Injury Tests






	Joint line tenderness

	The medial joint line is easier to palpate with internal rotation of the tibia, allowing for easier palpation. Alternatively, external rotation allows improved palpation of the lateral meniscus.

	


Sensitivity: 55-85



Specificity: 29-77









	McMurray test

	With patient lying flat, the knee is first fully flexed; the foot is held by grasping the heel. The leg is rotated on the thigh with the knee still in full flexion. By altering the position of flexion, the whole of the posterior segment of the cartilages can be examined from the middle to their posterior attachment. Bring the leg from its position of acute flexion to a right angle while the foot is retained first in full internal rotation and then in full external rotation. When the click occurs (in association with a torn meniscus), the patient is able to state that the sensation is the same as experienced when the knee gave way previously.

	


Sensitivity: 16-58



Specificity: 58-98









	Apley grind test

	With the patient prone, the examiner grasps one foot in each hand and externally rotates as far as possible, then flexes both knees together to their limit. The feet are then rotated inward and knees extended. The examiner then applies his left knee to the back of the patient’s thigh. The foot is grasped in both hands, the knee is bent to a right angle, and powerful external rotation is applied Next, the patient’s leg is strongly pulled up, with the femur being prevented from rising off the couch. In this position of distraction, external rotation is repeated. The examiner leans over the patient and compresses the tibia downward. Again the examiner rotates powerfully and if addition of compression had produced an increase of pain, this grinding test is positive and meniscal damage is diagnosed.

	


Sensitivity: 13-16



Specificity: 80-90









	Ankle Stability Tests






	Anterior drawer test

	With the patient relaxed, the knee is flexed and the ankle at right angles, the ankle is grasped on the tibial side by one hand, whose index finger is placed on the posteromedial part of the talus and whose middle finger lies on the posterior tibial malleolus. The heel of this hand braces the anterior distal leg. On pulling the heel forward with the other hand, relative anteroposterior motion between the two fingers (and thus between talus and tibia) is easily palpated and is also visible to both the patient and examiner.

	


Sensitivity: 80-95



Specificity: 74-84









	Talar tilt

	The talar tilt angle is the angle formed by the opposing articular surfaces of the tibia and talus when these surfaces are separated laterally by a supination force applied to the hind part of the foot.

	Unavailable






	Syndesmosis Tests






	Syndesmosis squeeze test

	The squeeze test is performed by manually compressing the fibula to the tibia above the midpoint of the calf. A positive test produces pain over the area of the syndesmotic ligaments.

	Unavailable






	Achilles Tendon Rupture Tests






	Thompson’s test

	The patient lies in a prone position with the foot extending over the end of the table. The calf muscles are squeezed in the middle one third below the place of the widest girth. Passive plantar movement of the foot is seen in a normal reaction. A positive reaction is seen when there is no plantar movement of the foot and indicates rupture of the Achilles tendon.

	


Sensitivity: 96



Specificity: 93









	Palpation test

	The examiner gently palpates the course of the tendon. A gap indicates an Achilles tendon rupture.

	


Sensitivity: 73



Specificity: 89










Modified from Malanga GA, Nadler SF, editors: Musculoskeletal physical examination: an evidence-based approach, Philadelphia, 2006, Mosby.









Inspection and Palpation


Inspection of the musculoskeletal system begins during the history. Attention to subtle cues and behaviors can guide the approach to the examination. Inspection includes observing mood, signs of pain or discomfort, functional impairments, or evidence of malingering. The spine should be specifically inspected for scoliosis, kyphosis, and lordosis. Limbs should be examined for symmetry, circumference, and contour. In persons with amputation, the level, length, and shape of the residual limb should be noted. Depending on the clinical situation, it can be important to assess for muscle atrophy, masses, edema, scars, and fasciculations.63 Joints should be inspected for abnormal positions, swelling, fullness, and redness.


These isolated findings can coalesce to influence global movement patterns that affect the kinetic chain. The term kinetic chain refers to the fact that the joints of the human body are not isolated but instead are linked in a series. Joint motion is always accompanied by motion at adjacent as well as distant joints, resulting in asymmetric patterns causing pathology of seemingly unrelated sites. This is especially true with a fixed distal limb. For example, very tight hamstring muscles decrease the lumbar lordosis, resulting in an increased risk of lower back pain. It is important to include this concept in any musculoskeletal assessment.


Palpation is used to confirm initial impressions from inspection, helping to determine the structural origins of soft tissue or bony pain and localize trigger points, muscle guarding, or spasm and referred pain.63 Joints and muscles should be assessed for swelling, warmth, masses, tight muscle bands, tone, and crepitus.36 Tone is typically determined while assessing the ROM. It is important to palpate the limbs and cranium for evidence of fracture in patients with a change in mental status after a fall or trauma.52






Assessment of Joint Stability


The assessment of joint stability judges the capacity of structural elements to resist forces in nonanatomic directions.52,63 Stability is determined by several factors including bony congruity, capsular and cartilaginous integrity, and the strength of ligaments and muscles.52 Assessing the “normal” side establishes a patient’s unique biomechanics. The examiner first identifies pain and resistance in the affected joint, followed by an evaluation of joint play to assess “end feel,” capsular patterns, and hypomobility or hypermobility. Radiographic imaging can be helpful in cases of suspected instability—for example, flexion-extension spine films to assess vertebral column instability or magnetic resonance imaging to visualize the degree of anterior cruciate ligament rupture.


Joint play or capsular patterns assess the integrity of the capsule in an open-packed position. Open-packed refers to positions in which there is minimal bony contact with maximum capsular laxity.58 Voluntary movement of a joint (active ROM) does not generally exploit the fullest range of that joint. Extreme end ranges of joint movements not under voluntary control must be assessed by passive ROM. There are several types of end feels (Table 1-11). Soft tissue compression is normal in extreme elbow flexion, yet if felt sooner than expected can indicate inflammation or edema. Tissue stretch is usually firm yet slightly forgiving, such as in hip flexion. Firmness that occurs before the end point of range, however, can be a sign of increased tone and/or capsular tightening. A hard end feel is normally seen with elbow extension, but in an arthritic joint it can occur before full range is achieved. An “empty” feel suggests an absence of mechanical restriction due to muscle contraction caused by pain. With muscle involuntary guarding or spasm, one notes an abrupt stop associated with pain.




Table 1-11 Types of “End Feels” in Range-of-Motion Testing


[image: image]




It is important to differentiate between hypomobile and hypermobile joints. The former increase the risk for muscle strains, tendonitis, and nerve entrapments, while the latter increase the risk for joint sprains and degenerative joint disease.58 An inflammatory synovitis, for example, can increase joint mobility and weaken the capsule. In the setting of decreased muscle strength, the risk of trauma and joint instability is increased.52 If joint instability is suspected, confirmatory diagnostic testing can be done (e.g., radiography).21,37,41,47 The temporal relationship between pain and resistance on examination actually changes from acute to chronic injury. An acute joint demonstrates pain before resistance to passive ROM. In a subacute joint, there is pain at the same time as resistance to passive ROM. In a chronic joint, pain occurs after resistance to ROM is noted.58









Assessment of Range of Motion






General Principles


ROM testing is used to document the integrity of a joint, to assess the efficacy of treatment regimens, and to determine the mechanical cause of an impairment.40 Limitations not only affect ambulation and mobility, but also ADL. Normal ROM varies based on age, gender, conditioning, obesity, and genetics.52 Males have a more limited range when compared with females, depending on age and specific joint action.8 Vocational and avocational patterns of activity also potentially alter ROM. For example, gymnasts generally have increased ROM at the hips and lower trunk.58 Passive ROM should be performed through all planes of motion by the examiner in a relaxed patient to thoroughly assess end feel.58 Active ROM performed by the patient through all planes of motion without assistance from the examiner simultaneously evaluates muscle strength, coordination of movement, and functional ability.


Contractures are often obvious simply from visual inspection. Contractures affect the true, full ROM of a joint via either soft tissue or bony changes. A soft tissue or muscle contracture decreases with a prolonged stretch, whereas a bony contracture does not. It can be difficult or impossible to differentiate a contracture from severe hypertonia in CNS diseases. A diagnostic peripheral nerve block can eliminate the hypertonia for a few hours to determine the etiology of the contracture and guide the correct treatment for impaired mobility or ADL.









Assessment Techniques


ROM should be performed before strength testing. ROM is a function of joint morphology, capsule and ligament integrity, and muscle and tendon strength.58,63 Range is measured with a universal goniometer, a device that has a pivoting arm attached to a stationary arm divided into 1-degree intervals (Figure 1-3). Regardless of the type of goniometer used, reliability is increased by knowing and using consistent surface landmarks and test positions.28 Joints are measured in their plane of movement with the stationary arm parallel to the long axis of the proximal body segment or bony landmark.58 The moving arm of the goniometer should also be aligned with a bony landmark or parallel to the moving body segment. The impaired joint should always be compared with the contralateral unimpaired joint, if possible.





[image: image]

FIGURE 1-3 Universal goniometer.


(Redrawn from Kottke and Lehman44 1990, with permission.)





Sagittal, frontal, and coronal planes divide the body into three cardinal planes of motion (Figure 1-4). The sagittal plane divides the body into left and right halves, the frontal (coronal) plane, into anterior and posterior halves; and the transverse plane, into superior and inferior parts.28 For sagittal plane measurements, the goniometer is placed on the lateral side of the joint, except for a few joint motions such as forearm supination and pronation. Frontal planes are measured anteriorly or posteriorly, with the axis coinciding with the axis of the joint.





[image: image]

FIGURE 1-4 Cardinal planes of motion.




The 360-degree system was first proposed by Knapp and West42,43 and denotes 0 degrees directly overhead and 180 degrees at the feet. In the 360-degree system, shoulder forward flexion and extension ranges from 0 to 240 degrees (Figure 1-5, A). The American Academy of Orthopedic Surgeons uses a 180-degree system.55 The standard anatomic position14 is described as an upright position with the feet facing forward, the arms at the side with the palms facing anterior.28 A joint at 0 degrees is in the anatomic position, with movement occurring up to 180 degrees away from 0 degrees in either direction.28 With the use of shoulder forward flexion as an example, the normal range for flexion in the 180-degree system is 0 to 180 degrees, and for extension is 0 to 60 degrees (Figure 1-5, B). These standardized techniques have been well described.∗





[image: image]

FIGURE 1-5 Comparison of two range-of-motion systems.




Figures 1-6 through 1-21 outline the correct patient positioning and plane of motion for the joint and goniometer placement. To increase accuracy, many practitioners recommend taking several measurements and recording a mean value.58 Measurement inaccuracy can be as high as 10% to 30% in the limbs and can be without value in the spine if based on visual assessment alone.2,71 In joint deformity, the starting position is the actual starting position of joint motion. Spinal ROM is more difficult to measure, and its reliability has been debated.28,36 The most accurate method of measuring spinal motion is with radiographs. Because this is not practical in most clinical scenarios, the next most accurate system is based on inclinometers. These are fluid-filled instruments with a 180- or 360-degree scale. One or two devices are required.2,36 The American Medical Association Guides to the Evaluation of Permanent Impairment2 outlines the specific inclinometer techniques for measuring spinal ROM.
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FIGURE 1-6 Shoulder flexion and extension. Patient position: supine or sitting, arm at side, elbow extended. Plane of motion: sagittal. Normal range of motion: flexion, 0-180 degrees; extension, 0-60 degrees. Movements the patient should avoid: arching back, trunk rotation. Goniometer placement: axis is centered on the lateral shoulder, stationary arm remains at 0 degrees, movement arm remains parallel to humerus.
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FIGURE 1-7 Shoulder abduction. Patient position: supine or sitting, arm at side, elbow extended. Plane of motion: frontal. Normal range of motion: 0-180 degrees. Movements the patient should avoid: trunk rotation or lateral movement. Goniometer placement: axis is centered on posterior or anterior shoulder, stationary arm remains at 0 degrees, movement arm remains parallel to humerus.
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FIGURE 1-8 Shoulder internal and external rotation. Patient position: supine, shoulder at 90 degrees of abduction, elbow at 90 degrees of flexion, radioulnar joint pronated. Plane of motion: transverse. Normal range of motion: internal rotation, 0-90 degrees; external rotation, 0-90 degrees. Movements the patient should avoid: arching back, trunk rotation, elbow movement. Goniometer placement: axis on elbow joint through longitudinal axis of humerus, stationary arm remains at 0 degrees, movement arm remains parallel to forearm.
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FIGURE 1-9 Elbow flexion. Patient position: supine or sitting, radioulnar joint supinated. Plane of motion: sagittal. Normal range of motion: 0-150 degrees. Goniometer placement: axis is centered on lateral elbow, stationary arm remains at 0 degrees, movement arm remains parallel to forearm.
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FIGURE 1-10 Radioulnar pronation and supination. Patient position: sitting or standing, elbow at 90 degrees, wrist in neutral, pencil held in palm of hand. Plane of motion: transverse. Normal range of motion: pronation, 0-90 degrees; supination, 0-90 degrees. Movements the patient should avoid: arm, elbow, and wrist movements. Goniometer placement: axis through longitudinal axis of forearm, stationary arm remains at 0 degrees, movement arm remains parallel to pencil held in patient’s hand.
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FIGURE 1-11 Wrist flexion and extension. Patient position: elbow flexed, radioulnar pronated. Plane of motion: sagittal. Normal range of motion: flexion, 0-80 degrees; extension, 0-70 degrees. Goniometer placement: axis is centered on lateral wrist over ulnar styloid, stationary arm remains at 0 degrees, movement arm remains parallel to fifth metacarpal.
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FIGURE 1-12 Wrist radial and ulnar deviation. Patient position: elbow flexed, radioulnar joint pronated, wrist in neutral flexion and extension. Plane of motion: frontal. Normal range of motion: radial, 0-20 degrees; ulnar, 0-30 degrees. Goniometer placement: axis is centered over dorsal wrist midway between distal radius and ulna, stationary arm remains at 0 degrees, movement arm remains parallel to third metacarpal.
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FIGURE 1-13 Second to fifth metacarpophalangeal flexion. Patient position: elbow flexed, radioulnar joint pronated, wrist in neutral, fingers extended. Plane of motion: sagittal. Normal range of motion: 0-90 degrees. Goniometer placement: axis on dorsum of each metacarpophalangeal joint, stationary arm remains at 0 degrees, movement arm remains on dorsum of each proximal phalanx.
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FIGURE 1-14 Second to fifth proximal interphalangeal flexion. Patient position: elbow flexed, radioulnar pronated, wrist in neutral, metacarpophalangeal joints in slight flexion. Plane of motion: sagittal. Normal range of motion: 0-100 degrees. Goniometer placement: axis on dorsum of each interphalangeal joint, stationary arm remains at 0 degrees, movement arm remains on dorsum of each middle phalanx.
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FIGURE 1-15 Hip flexion, knee extension. Patient position: supine or lying on side, knee extended. Plane of motion: sagittal. Normal range of motion: 0-90 degrees. Movements the patient should avoid: arching back. Goniometer placement: axis is centered on lateral leg over greater trochanter, stationary arm remains at 0 degrees. (This is found by drawing a line from the anterior superior iliac spine to the posterior superior iliac spine, and then drawing another line, perpendicular to the first, that goes through the greater trochanter. The last line is 0 degrees.) Movement arm remains parallel to lateral femur.
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FIGURE 1-16 Hip flexion, knee flexion. Patient position: supine or lying on side, knee flexed. Plane of motion: sagittal. Normal range of motion: 0-120 degrees. Movements the patient should avoid: arching back. Goniometer placement: axis centered over greater trochanter, stationary arm is parallel to and below a line on patient drawn through both anterior superior iliac spines (this is perpendicular to 0 degrees), movement arm remains parallel to anterior femur.
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FIGURE 1-17 Hip abduction. Patient position: supine or lying on side, knee extended. Plane of motion: frontal. Normal range of motion: 0-45 degrees. Movements the patient should avoid: trunk rotation. Goniometer placement: axis centered over greater trochanter, stationary arm is parallel to and below a line on patient drawn through both anterior superior iliac spines (this is perpendicular to 0 degrees), movement arm remains parallel to anterior femur.







[image: image]

FIGURE 1-18 Hip adduction. Patient position: supine, knee extended. Plane of motion: frontal. Normal range of motion: 0-30 degrees. Movements the patient should avoid: trunk rotation. Goniometer placement: axis over knee joint through longitudinal axis of femur, stationary arm remains at 0 degrees, movement arm remains parallel to anterior tibia.
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FIGURE 1-19 Knee flexion. Patient position: prone or sitting, hip in neutral. Plane of motion: sagittal. Normal range of motion: 0-135 degrees. Goniometer placement: axis on lateral knee joint, stationary arm remains at 0 degrees, movement arm remains parallel to fibula laterally.
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FIGURE 1-20 Hip internal and external rotation. Patient position: supine or sitting, hip at 90 degrees flexion, knee at 90 degrees flexion. Plane of motion: transverse. Normal range of motion: internal, 0-35 degrees; external, 0-45 degrees. Movements the patient should avoid: hip flexion movement, knee movement. Goniometer placement: axis over knee joint through longitudinal axis of femur, stationary arm remains at 0 degrees, movement arm remains parallel to anterior tibia.
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FIGURE 1-21 Ankle dorsiflexion and plantar flexion. Patient position: sitting or supine with knee flexed to 90 degrees. Plane of motion: sagittal. Normal range of motion: dorsiflexion, 0-20 degrees; plantar flexion, 0-50 degrees. Goniometer placement: axis is on sole of foot below lateral malleolus, stationary arm remains along shaft of fibula (this is perpendicular to 0 degrees), movement arm remains parallel to fifth metatarsal.














Assessment of Muscle Strength






General Principles


Manual muscle testing is used to establish baseline strength, to determine the functional abilities of or need for adaptive equipment, to confirm a diagnosis, and to suggest a prognosis.58 Strength is a rather generic term and can refer to a wide variety of assessments and testing situations.6 Manual muscle testing specifically measures the ability to voluntarily contract a muscle or muscle group at a specific joint. It is quantified using a system first described by Robert Lovett, M.D., an orthopedic surgeon, in the early twentieth century.20 Isolated muscles can be difficult to assess. For example, elbow flexion strength depends not only on the biceps muscle but also on the brachialis and brachioradialis muscles. Strength is affected by many factors including the number of motor units firing, functional excursion, cross-sectional area of the muscle, line of pull of the muscle fibers, number of joints crossed, sensory receptors, attachments to bone, age, sex, pain, fatigue, fear, motivational level, and misunderstanding.6,52,58 Pain can result in breakaway weakness caused by pain inhibition of function and should be documented as such. It is important to recognize the presence of substitution when muscles are weak or movement is uncoordinated. Females typically increase strength up to age 20 years, plateau through their 20s, and gradually decline in strength after age 30. Males increase strength up to age 20 and then plateau until somewhat older than 30 years before declining.58 Muscles that are predominantly type 1 or slow-twitch fibers (e.g., soleus muscle) tend to be fatigue resistant and can require extended stress on testing (such as several standing toe raises) to uncover weakness.58 Type 2 or fast-twitch fibers (e.g., sternocleidomastoid) fatigue quickly, and weakness can be more straightforward to uncover abnormalities. Patients who cannot actively control muscle tension (e.g., those with spasticity from CNS disease) are not appropriate for standard manual muscle testing methods.58









Assessment Techniques


Manual muscle testing takes into account the weight of the limb without gravity, with gravity, and with gravity plus additional manual resistance.58 Most examiners use the Medical Research Council scale, where grades of 0 to 2 indicate gravity-minimized positions, and grades 3 to 5 indicate increasing degrees of resistance applied as an isometric hold at the end of the test range (Table 1-12).58 A muscle grade of 3 is functionally important because antigravity strength implies that a limb can be used for activity, whereas a grade of less than 3 implies that the limb will require external support and is prone to contracture.63 A 1- or 2-grade intertester difference is acceptable,58 but poor intertester reliability can be a problem with grades below 3.6 Other pitfalls encountered in testing strength are outlined in Table 1-13. To reduce measurement errors, one hand should be placed above and one below the joint being tested. As detailed in extended Tables 1-14 and 1-15, the examiner’s hands should not cross two joints, if possible. Placing a muscle at a mechanical disadvantage, such as flexing the elbow beyond 90 degrees to assess triceps strength, can help demonstrate mild weakness.36 Extended Tables 1-14 and 1-15 summarize the joint movement, innervation, and manual strength testing techniques for all major upper and lower extremity muscle groups, respectively. The use of a dynamometer can add a degree of objectivity to measurements for pinch and grip.


Table 1-12 Manual Muscle Testing






	Grade

	Term

	Description






	5

	Normal

	Full available ROM is achieved against gravity and is able to demonstrate maximal resistance.






	4

	Good

	Full available ROM is achieved against gravity and is able to demonstrate moderate resistance.






	3

	Fair

	Full available ROM is achieved against gravity but is not able to demonstrate resistance.






	2

	Poor

	Full available ROM is achieved only with gravity eliminated.






	1

	Trace

	A visible or palpable contraction is noted, with no joint movement.






	0

	Zero

	No contraction is identified.







ROM, Range of motion.


Modified from Cutter NC, Kevorkian CG: Handbook of manual muscle testing, New York, 1999, McGraw-Hill with permission of McGraw-Hill.


Table 1-13 Caveats in Manual Muscle Resting






	Caveat

	Rationale






	Isolation

	It is important to isolate individual muscles with similar functions instead of testing the entire muscle group.






	Substitution patterns

	It is important to be aware of basic substitution patterns (e.g., elbow flexion).






	Suboptimal testing conditions

	These occur when determining patients’ muscle strength when they are under the influence of, for example, sedation, significant pain, positioning, language or cultural barriers, spasticity, and hypertonicity.






	Overgrading

	This occurs when the practitioner applies increased force when the patient is unable to achieve the full available ROM yet is able to demonstrate a muscle grade of 3 or more in a lengthened position.






	Undergrading

	This occurs when the examiner is not aware of the effects of muscle contracture on ROM, and the muscle appears to lack full ROM when it has achieved its full available ROM.







ROM, Range of motion.


Modified from Cutter NC, Kevorkian CG: Handbook of manual muscle testing, New York, 1999, McGraw-Hill with permission of McGraw-Hill.




Table 1-14 Upper Limb Muscle Testing
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Table 1-15 Lower Limb Muscle Testing
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Dynamic screening tests of strength can also be done. A quick screen for upper extremity strength is to have the patient grasp two of the examiner’s fingers while the examiner attempts to free the fingers by pulling in all directions. For a proximal lower limb screen, the patient can demonstrate a deep knee bend (squat and rise), and for the distal lower extremity can walk on heels and toes. To make gait abnormalities more evident, patients can be asked to increase the speed of their cadence, and walk sideways and backward. Abdominal strength can be screened by observing the patient’s ability to go from supine to sitting with the hips and knees bent. If the hips and knees are extended, the iliopsoas is tested as well.36





















Assessment, Summary, and Plan


Only after completing a thorough H&P is the physiatrist able to develop a comprehensive treatment plan. The organization of the initial treatment plan and goals can vary from setting to setting but should clearly state impairments, performance deficits (activity limitation, disability), community or role dysfunction (participation, handicap), medical conditions that can affect achieving the functional goals, and goals for the interdisciplinary rehabilitation team (if other disciplines are involved in the patient’s care). Follow-up treatment plans and notes are likely be shorter and less detailed, but they must address important interval changes since the last documentation and any significant changes in treatment or goals. This documentation is often used to justify continued payment for third-party payers. Noting whether problems are new, stable, improving, or worsening can be critical for accurate physician billing compliance documentation. Accurate identification and documentation of the cause of the impairment and disability can be required for initial and continuing hospital payment.


A summary statement of no more than a few sentences is helpful to medical consultants and other team members. Although development of a separate medical and functional problems list is acceptable and often recommended, the physiatrist should make very clear how those medical issues alter the approach to treatment (i.e., how brittle diabetes, activity-induced angina, or pain issues might affect mobilization).


With a medical and functional problem list in hand, the management plan can be developed. Considering six broad interventional categories as originally outlined by Stolov et al.64 is very helpful, particularly with complex patients in an inpatient rehabilitation setting. These six categories include prevention or correction of additional disability, enhancement of affected systems, enhancement of unaffected systems, use of adaptive equipment, use of environmental modification, and use of psychologic techniques to enhance patient performance and education. The physician should clearly delineate the therapeutic precautions for the other team members. Both short- and longer-term goals should be outlined, as well as estimated time frames for achieving those goals. Boxes 1-2 and 1-3 show examples of rehabilitation plans for an inpatient after subarachnoid hemorrhage and an outpatient with back pain, respectively.





Box 1-2 Inpatient Rehabilitation Plan






Summary Statement


Ms. Jones is a right-handed, divorced, 69-year-old woman with a past medical history of hypertension, coronary artery disease (CAD), and depression, with recent rupture of a left middle cerebral artery (MCA) aneurysm, now 9 days postcraniotomy for clipping. She currently is slightly lethargic and has moderately severe right hemiparesis, mild aphasia, right shoulder pain, and possible exacerbation of her underlying depression. She is receiving a regular diet with thickened liquids and is continent of bladder but has experienced some constipation. She is participating well in therapies, walking 15 ft with a wide-based quad cane, transferring with minimal assistance, and requiring moderate assistance in virtually all activities of daily living (ADL). Ms. Jones lives alone in an elevator-accessible apartment building where two of her daughters also live with their families.









Rehabilitation Problem List and Management Plan






• Ambulatory dysfunction resulting from right hemiparesis: Initiate neurodevelopmental techniques, forced-use paradigms, defer ankle-foot orthosis for now, evaluate for best assistive device, narrow-based quad cane, tone not a limitation at present.



• ADL dysfunction resulting from right hemiparesis: Use neurodevelopmental techniques and encourage weight-bearing on right upper extremity. Defer nighttime splint unless substantial increase in tone. See shoulder pain below. Tone not a limitation at present.



• Mild expressive aphasia: Speech-language pathology to evaluate, focus on higher-level communication, especially in home setting.



• Dysphagia: Swallowing evaluation per speech, proceed to modified barium swallow if needed.



• Shoulder pain: Use of glass lap tray for constant support of right arm, will speak with physiotherapist regarding use of sling only with ambulation, to consider trial of nonopiate analgesic (watch for sedation), or diagnostic or therapeutic shoulder injection.



• Bowel and bladder: Bladder fine; initiate oral stimulant to facilitate regular bowel habits.









Medical Problem List and Management Plan






• Ruptured left MCA aneurysm: Discontinue nimodipine 21 days after surgery, check phenytoin level as possible cause of slight lethargy, check with neurosurgery about changing or stopping antiepileptic as she has remained seizure-free, to consider repeat brain computed tomography to rule out hydrocephalus as cause of lethargy



• Hypertension: Stable in 140/90 mm Hg range, monitor vitals closely in physiotherapy and occupational therapy, continue beta-blocker and diuretic.



• CAD: No angina currently; monitor for shortness of breath, chest pain, and lightheadedness in therapies.



• Depression: Continue trazodone 150 mg at bedtime, doubt a cause of sleepiness as has been on this dosage for many years. Monitor for mood disturbance, as a limitation in therapy participation.



• Precautions: Cardiac precautions, frequent vital sign monitoring during initial therapy sessions









Goals






• Independent ambulation for household distances with assistive device (to be determined)



• Independent in all transfers



• Supervision with assistive device for short-distance community ambulation, even surfaces



• Independent in ADL, except shoes, with assistive devices (to be determined); minimal assist for shoes



• Independent in all instrumental ADL, except meal preparation, supervision for meal preparation



• Independent in home exercise program, including passive range of motion to right hand or wrist and ankle



• Identify family members to provide supervision after discharge and complete hands-on teaching.



• Maintain mood to participate fully in therapy.











Box 1-3 Outpatient Rehabilitation Plan






Summary Statement


Mr. Smith is a right-handed, 47-year-old man with a past medical history of hypertension and depression, who presents with recent worsening of lower back pain. He notes a history of primary lower back pain of several years that worsened recently while emptying his office wastepaper basket. The location is primarily in the lumbosacral junction above the posterior superior iliac spine. He notes associated radiation down the posterior right thigh to the calf. The pain is described as a sharp, spasm-like pain, current visual analog scale rating of 8/10 in intensity, although he notes episodes of debilitating 10/10 pain. The pain is improved with rest and supine positioning and worsened with prolonged sitting or standing. He denies specific weakness or numbness but notes tingling in the lateral aspect of his calf. He also denies bowel or bladder symptoms. He has had an x-ray in the past, which demonstrated disk space narrowing at the L5-S1 level. Past treatments have included physical therapy, which at the time consisted of hot packs and massage. He finds Advil is helpful in diminishing the intensity of the pain. Although he notes no difficulties with normal activities, the pain prevents him from working out in the gym, which primarily consisted of weight training and spinning classes. He also notes difficulty sleeping because of the pain. Denies difficulties at work. Also reports no need for pharmacologic treatment of his depression for some time. Mr. Smith currently lives in an elevator-accessible apartment building with his wife. Denies history of similar diagnoses within first-degree relatives. Physical examination is pertinent for right greater then left lower lumbar paraspinal and gluteus medius tenderness, positive slump and straight leg raise tests, very tight hamstrings, and weakness at the right extensor hallucis longus.









Rehabilitation Problem List and Management Plan






• Physical therapy: 8-12 sessions. Trial extension-based exercises to attempt to centralize the pain. Modalities as needed for pain control. Lower extremity strengthening and stretching with focus on core-strengthening exercises



• Workstation ergonomics evaluation, biomechanics and posture awareness training



• Precautions: None









Medical Problem List and Management Plan






• Review of diagnosis and prognosis with the patient, which includes a review of the natural history of lumbar disk herniations and contribution of depression to pain complaints



• Medications include an antiinflammatory medication with a muscle relaxant. May also include opioids as needed for severe exacerbations. Consider an epidural steroid injection if pain is refractory to oral medications and movement therapies. Sleep may improve as a side effect of the muscle relaxant and/or opioids.



• Imaging not required at this time because he has a good potential to recover with physical therapy. If no improvement with high-quality physical therapy, may consider lumbar MRI without contrast.



• Depression: Consider adding antidepressant if pain remains refractory to above treatment.









Goals






• Decreased pain



• Return to workout routine



• Improved “back hygiene”















Summary


Physiatrists should pride themselves in their ability to complete a comprehensive rehabilitation H&P. The physiatric H&P begins with the standard medical format but goes beyond that to assess impairment, activity limitation (disability), and participation (handicap). Physiatrists’ understanding of the musculoskeletal examination and musculoskeletal principles is a primary distinction from neurologists and neurosurgeons. Similarly, physiatrist’s understanding of neurology and the neurologic examination is a primary distinction from orthopaedists and rheumatologists. The H&P is critical in gathering the information needed to formulate a treatment plan that can help the patient achieve the appropriate goals in the most efficient, least dangerous, and most cost-effective way possible.
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Chapter 2 Examination of the Pediatric Patient




Pamela E. Wilson, Susan D. Apkon





Assessment of an infant or a child requires that the examiner has the ability to attain a complete medical, developmental, and family history; has a flexible approach to the physical examination; and understands the unique interaction between a child and that child’s physical and psychosocial environment. Establishing a diagnostic label is important, but determining the child’s functional status is also important for the rehabilitation management of the child. Although the evaluation of children has many similarities to that of adults (see Chapter 1), it also has many distinctive features, as highlighted in this chapter.






Diagnostic Evaluations






History


The clinical and developmental history is the basis of an accurate medical and rehabilitation diagnosis. The history is typically obtained from the parent, but children are generally able to participate in the diagnostic interview by the time they reach school age. Obtaining a medical history can be facilitated by having the parent fill out a new patient questionnaire before the clinical examination is started. Identification of the chief complaint focuses the history and the physical examination.


Many childhood disabilities reflect prenatal or perinatal problems. A history of maternal disease or acute illnesses, or pregnancy or labor abnormalities can help guide the examination and diagnostic studies. The duration of the pregnancy, description of fetal movements, the ease or difficulty of labor, and complications during labor and delivery should be included in the history. Decreased fetal movement can be an indicator of a primary neuromuscular disorder such as spinal muscular atrophy.


Events during the newborn period might retrospectively shed light on a current disorder. The examiner should record any unusual episodes of cyanosis or respiratory distress, seizures, and other physical symptoms such as jaundice or anemia. The Apgar score is an important piece of information about the infant in the immediate perinatal period. The Apgar score has five key elements: Activity, Pulse, Grimace, Appearance, and Respiration. Each area is given a score from 0 to 2 and is recorded at 1 minute and 5 minutes after birth. However, when there is a medical concern, evaluation with the Apgar score is continued up to 20 minutes. A score of 7 to 10 is considered normal.


The feeding history can also suggest potential neurologic abnormalities. The examiner should ask about and record any difficulties with sucking or swallowing, whether the baby is or was breast-fed or bottle-fed, and the volume and frequency of feedings. If feeding difficulties are present, obtaining growth records from the primary care provider is important to determine the impact on height and weight.


The medical history in all children should include chronic medical problems, hospitalizations, procedures, and surgeries. A list of medications and allergies should be documented, as well as the status of the child’s immunizations.


A history should include a determination of the ages at which major developmental milestones were met, because this aids in assessing deviations from normal (Table 2-1). The achievement of major landmarks in gross motor, fine motor, and adaptive skills; in speech and language; and in personal and social behavior should clarify whether the disability is confined primarily to the neuromuscular system or involves deficits in other areas as well. The coexistence of multiple problems influences the rehabilitation program, interventional methods, and ultimate outcome.




Table 2-1 Developmental Milestones


[image: image]




A psychosocial history is essential to fully understanding the child’s past and present capabilities. This part of the history identifies the social and psychological aspects of the child or adolescent and the child’s or adolescent’s family. It should be developmentally appropriate and focused. Questions about behavior, education, interpersonal relationships, recreational activities, sexuality, and other relevant topics should be included. It is important to remember that children with disabilities can have problems that are similar to those of their able-bodied peers.


A family history can assist in the identification of inherited or congenital diseases. A query of multigenerational medical problems should be obtained and formal genetic counseling offered if an inherited disease is suspected or known to exist. It is frequently helpful to briefly examine a family member if a genetic disorder is suspected. For example, assessing a parent for grip myotonia or the inability to release and quickly open up the hand can be done with a simple handshake. Examination of the parent’s foot can demonstrate a pes cavus or high-arched foot, which when present in the child is suggestive of the autosomal dominant form of Charcot-Marie-Tooth disease (see Chapter 47).









Physical Examination


There is no standardized approach to the physical examination of infants and children.1,5,21,22,29 Pediatric examinations are tailored to the individual child, based on age and developmental stage. Knowledge of developmental stages is important in evaluating both acute and chronic diseases. Young children should be examined with the parents present, but the parents’ presence is optional for adolescents.


It is critical to develop rapport with the child before performing a hands-on examination. This can be achieved by playing with and talking to the child. During this time, the examiner carefully observes the child’s every movement and interaction. Observation is a primary tool used by a skilled practitioner. Even before touching the child, the clinician typically has gained a wealth of information.


The actual hands-on approach varies from child to child. A flexible approach that capitalizes on opportunities to evaluate different systems as they present themselves is recommended. Young children often are best examined while sitting on a parent’s lap, while the older child can be examined on the table. The child’s clothing should be removed for a complete examination. Removing clothing from very young children can be very stressful to the child and should be done gradually. The modesty of older children must be respected.






Growth


Growth during infancy occurs at a very rapid rate, slows during early childhood, and increases once again during adolescence. Routine health care visits should emphasize the evaluation of growth parameters for every child, including height, weight, and head circumference. It is critical for a child’s growth to be plotted on age- and gender-appropriate charts.9 Growth is influenced not only by genetic programming but also by medical conditions and nutrition. The onset of organic or psychosocial illness might be accompanied by a sudden acceleration or cessation of growth. The rate of growth is more important than the absolute values, as evidenced by a child whose head circumference increases from the 5th percentile to the 50th percentile in a 2-month period, representing untreated hydrocephalus. Growth charts are now available for specific genetic syndromes, including Turner and Down syndromes, and for specific disabilities such as quadriplegic cerebral palsy.


Head circumference is measured serially using the occipitofrontal circumference. The average head circumference at birth is 35 cm and increases to 47 cm by 1 year of age.25 Microcephaly is defined as a head circumference that falls below two standard deviations from the mean, and is suggestive of central nervous system abnormalities including congenital infections, anoxic encephalopathy, or a degenerative disorder. Macrocephaly, defined as a head circumference greater than two standard deviations above the mean, can be associated with hydrocephalus, a metabolic disease, or the presence of a mass and requires further evaluation. Approximately 50% of macrocephaly in children is familial. Parental head size should be plotted on adult growth charts. A child with an isolated large head, no developmental delays, and a parent with a large head is probably normal.


The average height of a newborn is 50 cm, increasing by 50% at 1 year of age and doubling by 4 years.25 An estimate of adult height is obtained by doubling the child’s height at age 2 years. Many genetic syndromes are associated with short stature, including Down and Turner syndromes. Birth weight is influenced by multiple parameters and includes parental size, nutrition, gender, genetics, gestation and health of the baby. The average full-term child in the United States has a birth weight of 3400 g. Birth weight should double by 5 months of age and triple by 1 year of age. Deviations from normal weight should alert the provider to potential health-related problems that need to be investigated.


Adolescents pass through a predictable sequence of pubertal events as they mature. The Tanner stages of sexual maturity describe the secondary sexual characteristics of teenage girls and boys.33,34 Assessment of breast development and pubic hair in girls, and genital size and pubic hair in boys, is the basis for assigning a Tanner stage to an adolescent. The average age of menarche in girls is typically around 12 years. Precocious puberty is diagnosed if there is a premature development of secondary sexual characteristics. It is present when there are findings of puberty in girls younger than 8 years and in boys younger than 9 years.55 The etiology can be either peripheral or within the central nervous system, such as a hypothalamic-pituitary abnormality. Precocious puberty is well documented in children with spina bifida and brain injuries.51 Tanner staging is useful in evaluating musculoskeletal issues such as leg length discrepancies and scoliosis, as treatment options can vary depending on the pubertal stage of the child.









General Inspection


Visual inspection is critical in the examination of a child. It begins with a general assessment of the child’s appearance. This gives the examiner a sense of how the infant or child interacts with the parents as well as information about the child’s general movements, abnormal physical features, and overall general health. The presence of abnormal physical features can be helpful in identifying common syndromes (Table 2-2). The examiner should pay specific attention to facial abnormalities such as abnormal spacing of the eyes, position and size of the ears and philtrum, and size of the upper and lower jaws. Normal measurements can be referenced when attempting to distinguish specific features such as ocular hypertelorism or small-appearing ears.26


Table 2-2 Common Syndromes and the Associated Abnormal Features






	Syndrome

	Abnormalities






	Angelman syndrome

	Severe mental retardation, delay in attainment of motor milestones, microbrachycephaly, maxillary hypoplasia, deep-set eyes, blond hair (65%), ataxia and jerky arm movements resembling those of a marionette (100%), seizures






	Hunter syndrome

	Growth deficiency, coarsening of facial features, full lips, macrocephaly, macroglossia, contractures of joints, broadening of bones, hepatosplenomegaly, delayed tooth eruption






	Marfan syndrome

	Tall stature with long slim limbs, little subcutaneous fat, arachnodactyly, joint laxity, scoliosis (60%), retinal detachment, upward lens subluxation, dilatation of ascending aorta






	Neurofibromatosis syndrome

	Areas of hyperpigmentation or hypopigmentation with café au lait spots (94%); “freckling” of axilla, inguinal folds, and perineum; cutaneous neurofibromas that are small, soft, pigmented nodules; plexiform neurofibromas; Lisch nodules







The assessment of the head and neck includes inspection of shape and symmetry. Since the American Academy of Pediatrics initiated the Back to Sleep program in 1992, the recommendation for newborns and infants to sleep in the supine position, more infants are presenting to their primary care providers with the presence of plagiocephaly, primarily observed as a unilateral flattening of the occiput.41 Examination of the head and neck can also identify the presence of torticollis involving tightness of the sternocleidomastoid muscle. Children with torticollis have a head tilt to the involved side, and the chin will be turned to the contralateral side. Children with a short, broad neck with webbing might have Klippel-Feil syndrome, and with girls Turner syndrome must be considered.


Abnormalities of the chest wall shape often signify a specific disease such as the bell-shaped chest in an infant with spinal muscular atrophy type 1. Inspection of the genitalia can be useful in characterizing certain syndromes. Boys with fragile X syndrome typically have large testes, while boys with Prader-Willi syndrome classically have a small penis. Visual inspection of the extremities might reveal pseudohypertrophy of the calves, as seen in boys with Duchenne muscular dystrophy. Children with hemiplegic cerebral palsy often have asymmetries in the girth of the arm or leg, with the affected side being visibly smaller.


Evaluation of the skin includes an assessment of the nails and hair. The examiner looks for neurocutaneous lesions and other skin abnormalities. Café au lait spots in the axilla or inguinal regions can be an indication of neurofibromatosis, while white ash leaf spots can point toward a diagnosis of tuberous sclerosis. Port wine stains (flat hemangiomas) that involve the first branch of the trigeminal nerve are associated with Sturge-Weber syndrome. The presence of calluses and abrasions on the feet are often indicators of abnormal weight-bearing or insensate skin, as seen in a child with a spinal cord injury or peripheral neuropathy.









Musculoskeletal Assessment


The pediatric musculoskeletal evaluation includes observation, palpation, range of motion, strength testing, and functional assessment. Observation focuses on posture, body symmetry, and movement. Palpation should include the skin, muscles, and joints. The muscle examination should focus on size, bulk, and tone. The joints are palpated to detect tenderness, swelling, synovial thickening, and warmth. Range of motion of all major joints both passively and actively might need to be included.


The spine and back examination includes an assessment of the bones and muscular elements, as well as a postural assessment. Evaluation includes having the child stand or sit while the back is examined. The height of the shoulders, position of scapula, and height of the pelvis should be assessed. The child is asked to bend forward so the examiner can look for rib and back asymmetries indicating scoliosis (Figure 2-1). Radiographs of the spine help define the severity of kyphotic and scoliotic curves. Scoliosis is categorized as infantile, juvenile, adolescent, or neuromuscular. The most common form is adolescent idiopathic scoliosis seen in pubertal girls with a right thoracic curve.35 Children should also be evaluated for other spinal pathology (Table 2-3).
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FIGURE 2-1 The evaluation of scoliosis includes an assessment of the spine with the child sitting or standing. This adolescent girl has an obvious curve in the standing position. She also has a rotational component.




Table 2-3 Spinal Abnormalities






	Spine Abnormality

	Clinical Findings






	Scoliosis (idiopathic, congenital, neuromuscular)

	


Curvature of spine on forward bending



Rib humping



Shoulder asymmetry



Pelvic obliquity









	Kyphosis (congenital, Scheuermann, neuromuscular)

	Abnormal posture increases with flexion






	Spondylolisthesis

	


Loss of lordosis, reduced range of motion



Step-off back deformity



Gait abnormalities



Transverse abdominal creases










Examination of the lower limbs includes an evaluation of joint range of motion and torsional forces. Most torsional deformities tend to correct spontaneously as children grow and develop. Evaluation of the foot includes the toes and the three parts of the foot: forefoot, midfoot, and hindfoot. The shoes should be assessed for patterns of wear. The most common foot deformity is metatarsus adductus, which is medial deviation of the metatarsal bones (Figure 2-2). It is usually caused by intrauterine position, and the severity of the deformity can be classified according to the flexibility of the foot. Mild anomalies are easily corrected, while moderate cases require that some force be applied to the foot. Severe abnormalities cannot be corrected by conservative means and should be referred to an orthopedic surgeon.
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FIGURE 2-2 A child with bilateral metatarsus adductus (A). Radiograph showing medial deviation of the metatarsal bones (B).




Pes planus, or flatfoot, is a normal variant seen in children up to the age of 3 to 5 years.49 It occurs when the medial longitudinal arch is not well developed or there is underlying ligamentous laxity. Flexible flatfeet can also be a normal variant into adulthood, as long as an arch forms when individuals stand on their toes. Rigid or painful feet with reduced subtalar joint motion are often associated with tarsal coalition. This is an abnormal fusion of two or more bones in the midfoot or hindfoot that restricts motion. The two most common joints involved are the talocalcaneal and calcaneonavicular. Congenital vertical talus is a rigid flatfoot deformity with a rocker bottom and a dorsal dislocation of the navicular on the talus. It is associated with the genetic syndromes of myelodysplasia and arthrogryposis.


Pes cavus is a high-arched foot that does not flatten with weight-bearing. It is often associated with clawing of the toes, hindfoot varus, plantar fascia contractures, and great toe cock-up deformities. It can be a normal variant or might indicate a neuromuscular disorder such as Charcot-Marie-Tooth disease (Figure 2-3).
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FIGURE 2-3 High-arched foot, or pes cavus, is seen in neuromuscular disorders.




Congenital talipes equinovarus, or the classic clubfoot, is a complex deformity characterized by a small foot with a medial border crease, hindfoot equinus, and forefoot and hindfoot varus, along with forefoot adductus.43 The etiology remains controversial, as several theories have been proposed, including intrauterine position, primary germ cell defect in the talus causing persistent plantar flexion and inversion, and soft tissue abnormalities affecting the neuromuscular units. There is an association with other disorders such as cerebral palsy, arthrogryposis, chromosomal abnormalities, spina bifida, and neuromuscular diseases.


The knee should be evaluated for mobility and stability. The child should be assessed for genu varum and genu valgum. The lower limbs progress through predictable changes over the course of development. Children are initially bowlegged (genu varus position) until about 2 years of age. Knee growth is rapid, and the lower limbs shift to a valgus or knock-kneed position until 5 to 7 years of age, at which time they tend to straighten out into a more adult-type position. If excessive bowing persists, the child might have Blount’s disease. This condition refers to disordered growth of the proximal medial physis, epiphysis, and metaphysis, which causes varus angulation and internal rotation of the tibia. It is more common in girls of African-American descent who are early walkers. It is generally progressive and requires lower leg radiographs for diagnosis. The normal metaphyseal-diaphyseal angle is less than 11 degrees, and the tibial-femoral angle should be less than 15 degrees.


Tibial torsion is a twisting of the distal tibia in relationship to the proximal segment.32 It can result in either internal or external rotation of the tibia and can cause an abnormal-appearing gait pattern. Children have approximately 5 degrees of internal tibial torsion at birth, which progresses to 10 to 15 degrees in the adult. It is the most common reason for intoeing in the toddler age range. The evaluation includes assessment of the position of the patella during gait, along with the thigh-foot angle (Figure 2-4). Thigh-foot angle is assessed in the prone position with the knee flexed to 90 degrees. Two bisecting lines are drawn: one along the femur and the other through the heel and third web space. The angle should be −10 degrees to +10 degrees.
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FIGURE 2-4 Evaluation of a child in the prone position allows assessment of the thigh-foot angle, and internal and external rotation of the hip. The thigh-foot angle is demonstrated in the lower diagram and ranges from −3 degrees to +20 degrees.




The hip should be evaluated for torsional forces, including femoral anteversion and retroversion, along with routine range of motion including assessment of both internal and external rotation. Femoral anteversion is a twisting of the femur between the femoral neck and the femoral condyles. The femoral neck moves forward in relation to the rest of the femur. The result is increased internal rotation at the hip. Infants normally have 30 to 40 degrees of anteversion at birth, which shifts to around 15 to 25 degrees when full grown. Femoral anteversion is the most common cause of intoeing in the older child up to 10 years of age. Children with excessive femoral anteversion often present as clumsy, pigeon-toed walkers whose patellae are rotated medially. Femoral retroversion can cause outtoeing, clinically opposite to anteversion and less likely to correct with growth because the forces tend to rotate the femur outward. Evaluation of hip rotation measurements are done with the child in the prone position (see Figure 2-4). Hip abduction should be assessed with the child supine (Figure 2-5). Asymmetry of the range of motion can indicate hip subluxation, dislocation, contracture, or spasticity.
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FIGURE 2-5 Examination of the hips should include passive range of motion, such as hip abduction, along with assessment of tone and spasticity.




All newborns should be screened for developmental dysplasia of the hip (DDH) at birth and during subsequent evaluations. DDH is a common disorder that has a higher incidence in firstborn children, girls, and infants with a family history of DDH. A complete examination includes evaluating skinfolds, leg lengths (Galeazzi sign), range of motion, and provocative tests. The provocative maneuvers are referred to as the Ortolani and Barlow tests. Both tests are done with the infant supine and the hips flexed to 90 degrees. In the Ortolani test, the examiner attempts to relocate a dislocated hip. With the fingers placed over the greater trochanter, the examiner gently abducts the hips and lifts up on the trochanter. A click or a clunk suggests a hip instability. In the Barlow method, the examiner attempts to dislocate the infant’s hips. Holding the hips in the same manner, the hips are adducted and a downward force is applied causing a click or clunk as the hip dislocates.


The musculoskeletal assessment is not complete without thorough evaluation of the upper extremities. Included in a routine examination should be the traditional observation, palpation, range of motion, and functional assessment. In newborns and infants, reflexive patterns can be used to grossly evaluate the shoulder and elbow. An asymmetric Moro reflex may be the first indicator of a brachial plexus lesion. These are fairly common, and most are a neuropraxic type of injury and will spontaneously resolve. Persistent lesions are seen in the Erb-Duchenne presentation. Injuries here are upper trunk, and children have the classic waiter tip posture (adducted, internally rotated shoulders, extended elbow, and flexed wrist). Less commonly observed is the Klumpke’s palsy or lower trunk injury. These children have a normal shoulder examination but have hand involvement. Other problems encountered at the shoulder include clavicular fractures, shoulder dislocations, and overuse injuries. The most common congenital shoulder abnormality is a Sprengel deformity. It is a failure of the scapula to develop and descend, causing it to appear hypoplastic and abnormally high on the back. This results in asymmetry of the shoulder, a short-appearing neck, and limited range of motion.


The hand is critical in a child’s ability to develop play skills. Hand movement progresses from a very primitive grasp-and-release pattern to a sophisticated ability to manipulate objects. Many classic pathologic processes are reflected in the position and appearance of the hand. Palmar creases are an indication of fetal movement and genetic syndromes. Individuals with Down syndrome often have a transverse or simian palmar crease. Developmental skills can be noted by observing the function of the hand and fingers. Absent or delayed skills can indicate a focal or global process. Development of dominant handedness before 18 months is abnormal and can be the first indicator of hemiplegic cerebral palsy.


The child’s gait should be carefully analyzed and evaluated. Components of the gait cycle including the stance and swing phases are evaluated. Young children typically have progressive changes in gait characteristics, but generally the patterns mature by 7 years of age.28 Understanding normal and abnormal gait patterns helps the practitioner make diagnostic and functional decisions (Table 2-4).


Table 2-4 Gait Abnormalities






	Gait

	Characteristic(s)

	Clinical Association






	Spastic

	


Adducted hips



Internal rotation of hips



Toe walking




	Cerebral palsy






	Crouched

	


Weak quadriceps



Weak hip extensors



Excessive dorsiflexion



Hip or knee contractures




	


Neuromuscular disease



Cerebral palsy









	Hemiparetic

	


Posturing of upper limb



Circumduction of hip



Inversion of foot




	


Cerebral palsy



Cerebral vascular accident









	Waddling (Trendelenburg)

	


Weakness of hip girdle



Wide-based gait




	Neuromuscular disease






	Ataxic

	


Coordination problems



Poor tandem walking




	


Cerebellar ataxia



Friedreich ataxia

















Neurologic Assessment


Examination of the neuromuscular system includes assessment of muscle strength, a mental status examination, cranial nerve evaluation, assessment of reflexes, observation of coordination and balance, and assessment of the sensory system. The examiner must be flexible because these components might have to be done simultaneously instead of sequentially. The evaluation of normal and abnormal primitive reflexes and postural responses is a critical part of the assessment.


Developmental reflex assessment is a critical tool in evaluating a typical infant or an infant or child with a disability. Motor behaviors in newborns are dominated by primitive reflexes that are controlled at the level of the brainstem and spinal cord.16 These reflexes develop during gestation and disappear between the third and sixth month of life. Primitive reflexes are a predictable, involuntary response to a specific sensory stimulus (Table 2-5). Suppression of primitive reflexes reflects central nervous system maturation. Persistence or reoccurrence of abnormal reflexes is a strong indicator of neurologic dysfunction. The presence of an obligatory primitive reflex, one that a child cannot volitionally suppress, is always abnormal and suggests a central nervous system disorder. Primitive reflexes are precursors to volitional motor skills. Developmentally, primitive reflexes are replaced by postural reactions, which are involuntary postural patterns that enable righting, equilibrium, or protective movements (Table 2-6). Postural reactions appear in an organized fashion after 2 to 3 months of age and allow an infant to predictably progress with motor development, including rolling, sitting, and walking. Head righting is one of the automatic postural responses, elicited by sensory input that signals when the head or trunk is not in the midline. The parachute reaction, a protective extension of limbs to prevent or break a fall, is elicited by vestibular input signaling a change in head position. With few exceptions, postural reactions persist throughout life. Delays in the appearance of postural reactions are often detrimental to acquiring new voluntary motor skills.




Table 2-5 Common Primitive Reflexes and the Period They Typically Disappear
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Table 2-6 Postural Reactions and the Period They Typically Occur
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Muscle tone refers to the amount of resistance present in muscles during passive range of motion. Muscle tone changes during development and can be affected by activity, alertness, and comfort. Flexor tone predominates in the first several months of infancy. A newborn infant is more hypotonic than a toddler. If true hypotonia persists, it generally points to an abnormality in the central nervous system, peripheral nervous system, or muscle. Hypertonia indicates an abnormality within the central nervous system that can be further defined as spasticity, rigidity, or dystonia.46 Spasticity is velocity dependent and results in resistance to muscle stretch, while dystonia is an involuntary pattern of muscle contractions and posture causing twisting and abnormal postures. Rigidity is present when resistance to movement is not influenced by the speed or position of the limb. An individual with a disability can have an isolated movement disorder or a combination of patterns. Muscle stretch reflexes are easily elicited in children of all ages. Absent or reduced reflexes can indicate an anterior horn cell disease, a peripheral neuropathy, or a myopathy. An increase in reflexes is often associated with an upper motor neuron process, suggesting central nervous system involvement.


Strength testing or manual muscle testing can be formally examined in the school-age child, using the same scoring system as in adults (see Chapter 1). Young children can present a challenge to the examiner as a result of a short attention span or a lack of understanding or cooperation, depending on their age and developmental level. A modified scale must be used in this situation. Use of a 0- to 4-point scale is recommended, with 0 indicating no movement; 1, trace movement; 2, movement with gravity eliminated; 3, movement against gravity; and 4, the child can take resistance. (This is the same as the adult scale except for combining grades 4 and 5 into one grade.) In testing the strength of infants and very young children, helpful techniques include checking for age-appropriate head and trunk control. This can be done by holding the child under the arms and lifting him or her into the air, placing in ventral suspension, and observing the child sitting and standing. Muscle strength in the older child can be evaluated through observation of simple activities such as rising from the floor, walking, reaching overhead, or throwing or kicking a ball. Quantitative measurements are generally not required unless specific therapeutic interventions are contemplated.


Coordination is best assessed by evaluating gross motor and fine motor skills. Impaired coordination is a common sign of a central movement disorder. Specific tests can be done in the older child. Most children are able to walk a straight line, although unsteadily, by 3 years of age. Tandem walking is a 5-year-old skill. School-age children can be more formally tested. Subtle symptoms can be seen by evaluating handwriting, drawing,13 and other higher-level physical skills. The child’s avoidance of organized sports or physical activity can be a clue that coordination problems exist. Ataxia is evaluated by having the child reach for an object, do the finger-to-nose test, sit or stand, and do tandem walking.


Sensory evaluation is difficult in young or uncooperative children and must be age-adjusted to obtain information that is useful. A child of 4 to 5 years can interpret joint position, vibration, light touch, temperature, and pain. In the very young child, behavioral responses are the best indicator of sensory awareness. These responses include withdrawing and stopping the activity, as well as looking, crying, or squirming.


The vision examination also must be adapted to the child’s ability to cooperate. An infant is able to track a stimulus with the eyes to midline by 1 month and through 180 degrees by 3 months. Perception of color develops by approximately 8 weeks and binocular depth perception by 3 to 5 months of age. Central nervous system dysfunction frequently presents with ocular motor imbalance.


Assessment of a child’s speech and language skills begins upon the examiner entering the room. Auditory comprehension can be assessed by the child’s ability to follow instructions by the examiner. Asking the preschool and school-aged child questions related to the visit permits assessment of verbal skills including articulation and language. Having a child name pictures or objects in the room provides additional opportunities to assess these skills. Knowledge of language development is critical to understanding whether a child’s skills fall outside the normal range.















Standardized Assessment Tools


Familiarity with the normal landmarks of early child development is essential to the developmental assessment of the infant and toddler. The assessment includes observing and describing the child’s gross motor and fine motor responses, verbal and nonverbal language, personal and social behavior, emotional characteristics, and adaptive skills. A formal assessment of the child’s developmental status requires the use of a standardized examination. An interdisciplinary evaluation is particularly helpful when the initial diagnosis is being established or when interventions are being planned for a young child. It can also be used for periodic assessment of developmental progress throughout childhood and adolescence, especially for appropriate educational planning. Formal assessments of school-aged children often focus on academic skills. A diagnostic assessment relies on normed reference instruments that convey the child’s developmental standing relative to a normal peer group. It provides valuable information on the assessment and formulation of the child’s strengths and weaknesses for the purpose of individual program planning.


A formal developmental assessment of an infant and a young child can be accomplished with the use of standardized developmental evaluations (Table 2-7). Use of the Denver Developmental Screening Test (DDST-II)17 by primary care providers can identify a child who requires further evaluation. This standardized screening tool can be used with children from birth to 6 years in an office setting. The four domains in the DDST-II that are assessed include gross motor, fine motor, language, and personal-social behavior. Direct observation and parent report comprise this screening test. A child who fails the DDST-II can be further evaluated by a specialist using either the Bayley Scale of Infant Development,3 which provides separate mental and motor scores, or the Gesell Developmental Schedule.20 These tests are easy to administer but require some test familiarity and the cooperation of the child. The appropriate interpretation of the information obtained is most important. Many infant evaluation measures rely heavily on motor responses to assess the child’s interest in learning.12 If a child has significant physical limitations, drawing correct inferences about the child’s current or future intellectual abilities can be difficult. Repeated studies have found a low correlation between abilities measured on infant tests and later childhood intelligence quotients (IQs).2,8,10 Infant test results must be considered provisional and should be followed by periodic reevaluation for further diagnostic and prognostic clarification.


Table 2-7 Developmental Evaluation and Screening Tests






	Test

	Age Range

	Scope and Value






	Denver Developmental Screening Test17


	Birth to 6 yr

	Quick screen for deviations from normal development of normal and near-normal children; pattern of functional deviations guides further evaluation






	Bayley Scale of Infant Development3


	Birth to 30 mo

	Separate mental and motor scales; well standardized; heavily weighted with motor-based items, which limits predictive value in physically handicapped children






	Gesell Developmental Schedule20


	4 wk to 6 yr

	Indicator of current developmental level







The assessment of preschool and school-age children includes assessment of both physical and intellectual abilities (Table 2-8). The chief strength of intelligence tests lies in their correlation with school performance. If the results are appropriately interpreted, the tests reflect the probability of standard academic achievement. It is important to note both the overall score and the subscores to assess whether a child’s abilities are evenly developed, or whether there are patterns of strengths and weaknesses that are relevant to learning and general adaptation.10


Table 2-8 Intellectual Evaluations






	Test

	Age Range (yr)

	Scope and Value






	Stanford-Binet Intelligence Scale50


	2 to adult

	Detailed diagnostic assessment (mental age and IQ); guidelines for hearing, visual, and motor handicaps






	Wechsler Preschool and Primary Scale of Intelligence—Revised (WPPSI-R)54


	3-6½

	Verbal, performance, and full-scale scores; delineates strengths and weaknesses; not appropriate for children with severe developmental delays






	Wechsler Intelligence Scale for Children— Revised (WISC-R)53


	6-16

	Verbal, performance, and full-scale scores; subtests point to specific areas of strength or dysfunction






	Kaufman Assessment Battery for Children27


	2½-12

	Measures mental processes independent of the content of acquired knowledge; useful for children from disadvantaged backgrounds







IQ, Intelligence quotient.


Most of the standardized intelligence tests rely heavily on language and motor performance. For some disabled children, such as those with language or motor impairments, alternative nonverbal and motor-eliminated assessments might be needed (Table 2-9). Vocabulary tests typically show the strongest correlation with overall intellectual ability and school success.


Table 2-9 Alternative Nonverbal and Motor-Eliminated Tests






	Test

	Age Range (yr)

	Scope and Value






	Peabody Picture Vocabulary Test (PPVT)15


	2½-18

	Effective test of language, especially in children with speech and motor impairments






	Leiter International Performance Scale31


	2-18

	Measures nonverbal problem-solving abilities in deaf and in speech- and motor-handicapped children






	Pictorial Test of Intelligence18


	3-8

	Measures intellectual ability of multiply handicapped children; requires receptive language






	Raven’s Progressive Matrices42


	6 to adult

	Measures nonverbal intelligence and concept formation







Several tests have been designed to evaluate visual motor maturity in children and to detect delays or impairment in visual perceptual skills and eye-hand coordination (Table 2-10). Children with neurologic and developmental disabilities sometimes exhibit difficulties in visual perceptual, perceptual motor, auditory, kinesthetic, and tactile functioning. A wide variety of instruments are available to test for these impairments. Achievement tests are designed specifically to evaluate the child’s performance in school subject areas, such as reading and mathematics (Table 2-11). Scores are typically given in terms of school grade equivalence, which can provide an estimate of the child’s level of academic skill, as well as standard scores based on age norms. Many are paper-and-pencil tests that penalize disabled children for their slower pace, poor attention, or difficulty keeping track of their place on the page. It is important that a skilled observer administer the test because observation of task approach can be used to adjust quantitative results.


Table 2-10 Perceptual Evaluations






	Test

	Age Range (yr)

	Scope and Value






	Beery-Buktenica Development Test of Visual Motor Integration4


	2-16

	Assesses visual motor performance, ability to copy geometric shapes, age equivalence






	Bender Visual Motor Gestalt Test7


	5 to adult

	Assesses visual motor performance; easy to administer; nine geometric designs







Table 2-11 Academic Achievement Tests






	Test

	Grade Level or Age Range

	Scope and Value






	Wide Range Achievement Test—Revised (WRAT)24


	Kindergarten to 12th grade

	Yields academic achievement level in reading, spelling, arithmetic; can measure progress






	Woodcock-Johnson Psychoeducational Battery: Test of Achievement56


	3 yr to adult

	Yields age and grade level, percentiles, and standard scores in reading, mathematics, written language, and general tasks






	Peabody Individual Achievement Test14


	Kindergarten to 12th grade

	Only pointing response for overview of achievement; useful for handicapped







The test composite scores, or full-scale scores (IQs), are used to designate a child’s overall level of intellectual functioning.10 This is derived by comparing an individual child’s performance with the performance of children in a representative age-stratified norm group. On most of these tests, the mean score is 100, representing average or normal intelligence. Classifications as superior or subaverage typically refer to scores that fall two standard deviations above or below the mean.


A definition of mental retardation includes three components: subaverage general intelligence, concurrent deficits in adaptive behavior, and developmental delay. Generally, all three criteria must be present to make a formal diagnosis of mental retardation.


The classification of mild mental retardation (IQ, 55 to 69) encompasses the largest number of children with mental retardation. Generally, they show delayed language development as toddlers and weakness in the acquisition of preacademic writing skills. These children generally reach the third- to fifth-grade level academically. If the associated physical impairments are mild, they can be independent in activities of daily living and achieve relative independence in adulthood.


Children with moderate mental retardation (IQ, 40 to 54) have a slower rate of developmental attainment. There is also a higher incidence of neurologic and physical disabilities. These children are frequently in special classes and are primarily taught self-care and practical daily living skills. As adults, many are able to achieve some independence in self-care skills, but they usually continue to need supervision either at home or in a group home setting. Vocationally, they function primarily in sheltered workshops or a protected employment environment.


Children with severe mental retardation (IQ, 25 to 39) develop some functional language skills but no formal academic skills. They require intensive programming to master independence in activities of daily living. They need close supervision and supportive care as adults. Profoundly retarded children (IQ, less than 25) have limited language ability and limited potential for acquiring self-care skills. There is also a very high association with severe motor handicaps.






Assessment Tools for the Child With a Disability


Formal assessment tools are available to assess a child with a known disability. Children with disabilities benefit from use of assessment tools that evaluate the quality of their movements and changes in performance over time.


The Gross Motor Function Measure (GMFM) is a reliable and valid measure of motor function designed for quantifying change in the gross motor abilities of children with cerebral palsy.45 The GMFM-88 consists of 88 items that have been grouped into five different dimensions of gross motor function: lying and rolling; sitting; crawling and kneeling; standing; and walking, running, and jumping. Scoring is based on a 4-point scale for each item, using the following key: 0, does not initiate; 1, initiates; 2, partially completes; and 3, completes. All items are attainable by 5-year-old children with normal motor development. A newer version, GMFM-66, comprises a subset of the original GMFM-88.44 The GMFM-88 version is also valid for use with children who have Down syndrome.19,40


Several assessment tools are available to evaluate and track the progress of a child with upper limb involvement. The Quality of Upper Extremity Skills Test (QUEST) is a reliable and valid outcome measure designed to evaluate movement patterns and hand function in children with cerebral palsy.11 The Assisting Hand Assessment (AHA) is a hand function evaluation instrument that was developed for use with children who have a functional limitation in one upper extremity. It measures how children use their affected hand collaboratively with the nonaffected hand in bimanual activities. The AHA can be used with children from 18 months to 12 years of age.30


The Pediatric Evaluation of Disability Inventory (PEDI) was developed to provide a comprehensive clinical assessment of key functional capabilities and performance in children between the ages of 6 months and 7 years.23 The PEDI can also be used for the evaluation of older children if their functional abilities fall below that expected of 7-year-old children without disabilities. The assessment was designed to serve as a descriptive measure of the child’s current functional performance, as well as a method for tracking change across time. The PEDI measures both capability and performance of functional activities in three content domains: self-care, mobility, and social function. Capability is measured by the identification of functional skills for which the child has demonstrated mastery and competence. Functional performance is measured by the level of assistance a caregiver must provide for the child to accomplish major functional activities such as eating or outdoor mobility. A modifications scale provides a measure of environmental modifications and assistive devices used by the child in routine daily activities.


The Functional Independence Measure for Children (WeeFIM) is a tool to assess a child’s function in the domains of mobility, locomotion, self-care, sphincter control, communication, and social cognition.37,38 It measures the level of independence and degree of caregiver assistance that is necessary to accomplish daily activities. This tool has a similar scoring profile to the adult version known as the FIM. The WeeFIM can be used to track over time children seen in outpatient clinics, as well as the changes observed within an inpatient rehabilitation program. There are other disability-specific evaluation tools such as the spina bifida neurologic scale39 and the prosthetic upper extremity functional index57,58 that can be used when evaluating special populations in the outpatient clinic setting.


A complete assessment of a child with a disability should include a description of social and adaptive abilities as well as quality-of-life measurements (Tables 2-12 and 2-13). The Vineland Adaptive Behavior Scale (VABS) is a tool to assess the personal and social self-sufficiency of individuals with or without disabilities. The VABS measures adaptive behaviors in five domains: communication, daily living skills, socialization, motor skills, and maladaptive behavior. The Pediatric Quality of Life Inventory (PedsQL) measures health-related quality of life in healthy children and adolescents and those with acute and chronic health conditions.52 The PedsQL measures the core components of health as outlined by the World Health Organization and includes physical functioning, emotional functioning, and social functioning, as well as one additional item—school functioning. Personality can be assessed at 3 to 10 years with the Children’s Apperception Test.6 Care must be taken when arriving at a specific diagnosis on the basis of developmental testing performed early in a child’s life, because of the inherent limitations of the tests. In addition, central nervous system dysfunction is not incompatible with normal intelligence, and the degree to which a child might be intellectually impaired cannot be predicted solely from physical or motor deficits. Familiarity with the tests that are being used is essential when interpreting this information.


Table 2-12 Social and Adaptive Skills






	Test

	Age Range

	Scope and Value






	Vineland Adaptive Behavior Scale48


	1 mo to adult

	Questionnaire of social competence in communication, socialization, daily living skills, and motor skills; adjusted for handicapped






	American Association of Mental Deficiency Adaptive Behavior Scale35


	3 yr to adult

	Activities of daily living; adaptive and maladaptive behaviors; assists in program planning







Table 2-13 Quality-of-Life Measures






	Test

	Age Range (yr)

	Scope and Value






	Pediatric Quality of Life Inventory (PedsQL) self-report and parent-proxy questionnaire

	2-18

	Measures health-related quality of life






	


Child Health Questionnaire (CHQ) self-report and parent-proxy questionnaire




	5-18

	Measures 14 unique physical and psychosocial concepts

















Summary


The pediatric physical examination is unique in its need to focus on the developmental skills of the infant and child. The examiner must understand the predictable sequence of physical development in the child and adolescent. Finally, comprehension of the sizeable battery of developmental, intelligence, academic, and social adaptive assessment tools can allow for a thorough evaluation of the infant, child, and adolescent to develop a comprehensive rehabilitation program.
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Chapter 3 Adult Neurogenic Communication Disorders




Delaina Walker-Batson, Jan Avent





A complex array of communication disorders co-occur with the various physical and sensory deficits after many neurologic disorders seen by the physiatrist. As noted by Brookshire,12 the prefix neuro means “related to nerves or the nervous system,” while the suffix genic means “resulting from” or “caused by.” This chapter reviews the major acquired neurogenic communication disorders seen in adults as a result of a disturbance of the neurologic system.






Handedness and Language


The human brain is highly specialized regarding language and cognitive functions. In addition to the complexities of site, magnitude, and type of neurologic insult, the relationship between handedness and the side of the brain that is injured determines the characteristics of the communication disorder. For most right-handed and left-handed individuals, the language association areas are in the left hemisphere. In a small percentage of left-handed individuals, the language centers might be in the right hemisphere or bilaterally represented. The left hemisphere is specialized for speech and language functions in the vast majority of people (approximately 96%), regardless of handedness. The right hemisphere is specialized for constructional, visual spatial, and attentional functions.









Types of Communication Disorders Caused by Nervous System Pathology


Cognitive-communicative disorders as a result of brain injury, disease, or pathology might include aphasia and related neurobehavioral disorders; communicative-cognitive disorders secondary to right hemisphere stroke, traumatic brain injury, and dementia; and the motor speech disorders including the dysarthrias and apraxia of speech. Table 3-1 presents the major neurogenic communication disorders, neurologic diagnosis or disease, and salient speech-language and cognitive characteristics.




Table 3-1 Major Neurogenic Communication Disorders, Neurologic Diagnosis, and Language and Cognitive Characteristics
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Brain Plasticity and Neurorehabilitation


Research in the basic neurosciences over the past 30 years has provided strong evidence regarding the dynamic aspects of the brain to change. While most of the research to date has been in animal models, human translational studies have begun to emerge. The term brain plasticity refers to the capacity and resiliency of the brain to undergo structural and functional changes.19 The ability of the brain to adapt and restructure is particularly evident after injury and has important implications for rehabilitation and recovery of function. Ideally, the rehabilitation team will work collaboratively to determine the best intervention at the optimal time to take advantage of the brain’s malleability. For an individual patient this can include the selection of the type and intensity of behavioral treatment (the external stimulation). At times this might be paired with administration of adjunctive brain stimulation such as a neuropharmacologic agent, electrical cortical stimulation, and/or transcortical magnetic stimulation.


In animals, the type of the external stimulation has been shown to be very important. A large body of research demonstrates that the type of input affects brain reorganization.36,51,57 This has been termed use-dependent,51 or more recently learning-dependent, activity.57 This refers to the specificity of the experience after brain injury being critical in determining what brain and behavioral changes will occur. Nudo et al.57 found that motor maps are altered by motor skill acquisition versus repetitive use alone, and brain plasticity coincided with the reacquisition of motor skills in lesioned animals and the acquisition of new motor skills in intact animals. These data imply that at critical recovery periods in humans, restorative treatments should target the most complex behaviors that a patient can produce. It could be that focusing only on compensatory activities rather than restorative functions has costs in terms of ultimate recovery of function.


Neuromodulation can be done with certain pharmacologic agents. When paired with behavioral treatment, some agents, particularly those affecting the catecholamine system (dextroamphetamine, methylphenidate, levodopa), have been found to enhance outcome after both focal6,22,35,69 and diffuse46,71 cortical experimental injury. It should be noted that this does not extend to all behaviors.66 Explorations of pharmacologic modulation have been done in humans to facilitate recovery from poststroke deficits such as aphasia and hemiplegia30,65,77,78 and to enhance recovery of cognitive deficits subsequent to traumatic brain injury.38,81 Physiologic events after brain injury can complicate the timing for administration of various agents. Drugs that are effective in the very acute or subacute period after injury may be ineffective or even detrimental at later recovery periods.28 Our experiences and that of others are encouraging regarding the use of certain agents to accelerate recovery; however, not all clinical studies report positive findings.26,59









Aphasia and Related Neurobehavioral Disorders






Aphasia


Aphasia in adults occurs as a result of acquired brain damage to the language-dominant hemisphere, usually the left, and shares common neurophysiologic features with other stroke consequences. Chapey and Hallowell16 provide a straightforward definition: “Aphasia is an acquired communication disorder caused by brain damage, characterized by an impairment of language modalities: speaking, listening, reading, and writing; it is not the result of a sensory deficit, a general intellectual deficit, or a psychiatric disorder.” The language impairments can range from mild with some word-finding problems (anomic aphasia) to severe with very little ability to speak, understand, read, or write (global aphasia). In the United States today, more than 1 million people are living with aphasia,45 and 80,000 new patients with aphasia will be treated each year.56


Since the time of Broca,11 aphasia has probably been the most studied neurogenic communication disorder. Because of the nature of the injury and the critical left hemisphere language association areas (Figure 3-1), aphasia has been classified in terms of the characteristics of the linguistic deficits and the location of the lesion.





[image: image]

FIGURE 3-1 Language-related areas in the brain. Simplified lateral view of the left hemisphere showing primary language areas of the brain. The central sulcus provides an arbitrary division between anterior and posterior brain regions. Broca’s area is adjacent to the precentral gyrus (motor strip) that controls the movements of facial expression, articulation, and phonation. Wernicke’s area is in the posterior part of the superior temporal gyrus adjacent to the primary auditory cortex (superior temporal gyrus). The arcuate fasciculus is a pathway that connects Broca’s and Wernicke’s areas. Many of the cortical language association areas lie close to the Sylvian fissure and participate in a complex network of areas that contribute to language processing.




The traditional aphasia classification system9,43 is based on clusters of language symptoms and contrasts the characteristics of verbal output, auditory comprehension, and repetition ability (Table 3-2). This framework forms the basis for two of the most frequently employed formal assessments used by speech-language pathologists: the Boston Diagnostic Aphasia Exam29 and the Western Aphasia Battery.42




Table 3-2 The Aphasias: Comparisons of Verbal Output, Repetition, Auditory Comprehension, Associated Signs, and Region Affected
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Modern imaging studies and research in psycholinguistics have shown limitations with the traditional classification scheme. In particular, the roles of Wernicke’s and Broca’s area are not as clear as they first appeared.18 A variety of other left hemisphere regions, both cortical and subcortical, have been found to be involved in language processing. While it is now recognized that the processing of language requires a large network of interacting brain areas, it is also the case that certain linguistic behaviors group together and are often predictable depending on the anterior or posterior location of the lesion. Anterior aphasias include Broca’s and transcortical motor aphasia. Posterior aphasias include Wernicke’s, conduction, and transcortical sensory aphasias. Global and anomic aphasias are not as localized. Aphasias limited to strictly subcortical pathology have also been described.55 Whether speech output is nonfluent versus fluent, the degree of auditory comprehension deficit, and the ability to repeat can be checked by the physiatrist at the bedside (Figure 3-2) to get an estimate of the type of aphasia.
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FIGURE 3-2 Flow chart to assess aphasia types. This flow chart characterizes fluency of speech output, auditory comprehension, and repetition ability for brief bedside screening of patients with aphasia. The plus symbol (+) indicates that the specific function is intact or at least fairly good. The minus symbol (–) indicates the specific function is relatively impaired. Note that a plus symbol does not necessarily indicate that the function is normal, and a minus symbol does not necessarily indicate that a function is completely defective.


(From Canter GJ: Syndromes of aphasia in relation to cerebral connectionism, South Bend, IN, 1979, Short course presented to the Indiana Speech and Hearing Association, with permission.)









Broca’s Aphasia


This classic nonfluent aphasia is characterized by effortful speech and misarticulations (see Table 3-3 for speech samples of the primary aphasia types). Verbal language (i.e., vocabulary and syntax) is restricted, resulting in anomia and reduced utterance length (i.e., typically one to four words in length). Auditory comprehension is impaired but relatively better than verbal language. The reading deficit in Broca’s aphasia resulting from frontal pathology is variable and is well described.9 Written language is usually as severely impaired as verbal language. Lesions causing Broca’s aphasia are most often in the left posterior inferior frontal cortex and underlying structures.




Table 3-3 Spontaneous Speech Samples, Auditory Comprehension, and Repetition for the Four Primary Aphasia Types
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Wernicke’s Aphasia


In 1874, Karl Wernicke described an aphasia syndrome very different from Broca’s aphasia. Patients with Wernicke’s aphasia have fluent speech output with normal prosody (vocal pitch and stress) and close to normal grammar. However, their speech is filled with literal and verbal paraphasic errors. (Literal paraphasias are sound substitutions within a word; for example, “binging” for “ringing.” Semantic paraphasias are whole word substitutions; for example, “mother” for “sister.”) These paraphasias and other made-up words (neologisms) cause the speech of the Wernicke patient to be empty, although the sentence length can be normal. Another characteristic of speech output in Wernicke’s aphasia can be an inability to stop speaking (logorrhea) and press of speech (rapid, compressed utterances). Patients with Wernicke’s aphasia have severely impaired auditory comprehension, sometimes to the point of understanding no spoken language, and are often unaware of their own deficits.43


To be classified as Wernicke’s aphasia, there must be a repetition deficit. Wernicke’s aphasia usually occurs from damage to the left superior temporal region. It might also occur after damage in the inferior parietal cortex involving the supramarginal and angular gyri.43









Conduction Aphasia


Conduction aphasia is relatively uncommon and occurs in only about 10% of patients with aphasia. In this type of aphasia, the speech output is fluent (near-normal utterance length) but with considerable word-finding difficulties (anomia), relatively preserved auditory comprehension, and significant difficulty with verbal repetition. The speech of patients with conduction aphasia is characterized by literal paraphasias and numerous self-corrections as they search for the right word. This self-correction can cause the speech of the individual with conduction aphasia to have numerous pauses and filled pauses (“ah … a … ah … ah”). Reading and writing deficits are variable depending on the specific site of the lesion. Brain damage in conduction aphasia is in the left superior temporal area, the supramarginal gyrus of the parietal lobe, or both.









Global Aphasia


Patients with global aphasia have severe impairments in all language modalities (speaking, listening, reading, and writing). Global aphasia is characterized by severely impaired auditory comprehension and very limited speech output. Individuals with global aphasia produce few understandable utterances, and their speech is marked by perseverative utterances used repeatedly. It should not be overlooked, however, that many patients with global aphasia have some islands of spared intact function, and these must be found to utilize for communication. A type of global aphasia has been described with severe communication deficits but an absence of hemiplegia.75 Brain damage causing global aphasia is usually massive (frontotemporoparietal), caused by complete occlusion of the middle cerebral artery with dense right hemiplegia of both arm and leg.









Transcortical Motor Aphasia


Patients with transcortical motor aphasia have some similarities to those with Broca’s aphasia but with intact repetition. The transcortical aphasias refer to aphasias occurring from lesions in the border zone outside the perisylvian language areas. Individuals with transcortical motor aphasia have nonfluent, limited speech output that sometimes has a dysarthric quality. There are often long pauses between utterances. The patient with transcortical motor aphasia does not have as much difficulty with syntax as the patient with Broca-type aphasia. Auditory comprehension and reading comprehension are generally well preserved. Writing deficits can mirror those seen in spoken language. Transcortical motor aphasias occur as a result of occlusion of the anterior cerebral artery or damage to border zone areas in the frontal lobe superior or anterior to Broca’s area.43









Transcortical Sensory Aphasia


Individuals with the relatively rare syndrome of transcortical sensory aphasia have shared linguistic profiles to those with Wernicke’s aphasia, but with preserved repetition ability. There are also deficits in all language modalities. Patients with transcortical sensory aphasia speak fluently but have echolalia (repeating a phrase over and over). Although these patients can repeat, they do not recognize what they say and have significant difficulty communicating in any modality. Lesions in transcortical sensory aphasia are usually posterior or inferior to Wernicke’s area.









Anomic Aphasia


Anomic aphasia can often be the residual of good recovery from other aphasia syndromes. Patients in the acute stage who are classified as having anomic aphasia have the best prognosis for recovery of any of the aphasias. The primary difficulty in anomic aphasia is word finding and naming. Speech output is fluent with numerous pauses, filled pauses, and circumlocutions (describing and/or defining a function of an object for which a name cannot be retrieved; for example, “you brush your teeth with it”). Verbal repetition, auditory comprehension, reading, and writing are relatively preserved. Although anomic aphasia is the least localized of all the aphasias, it often occurs from focal damage to left temporal and parietal areas.9









Crossed Aphasia


Rarely (incidence between 1% and 11%) a classic aphasia occurs in a strongly right-handed person from a lesion on the right side of the brain. When this occurs it is referred to as a crossed aphasia. The language characteristics in this case can be classic, paralleling the types of aphasias seen from left hemisphere lesions, with almost reversed mirror-image specialization of the two hemispheres.79 Other patients have anomalous hemispheric specialization with both language functions and visual spatial functions in the right hemisphere.2









Primary Progressive Aphasia


A specific primary progressive aphasia (PPA) is now recognized.21,44,50 This disorder blurs the lines between focal and diffuse disease. In contrast to aphasia caused by an acute event such as a stroke, PPA has an insidious onset. Although the family or patient might claim there was a specific event, careful history will reveal a progressive onset with the patient being aware of the language deficits before family members. The most frequent presenting complaint is word-finding difficulty. During the first 2 years, the patient with PPA often has symptoms that appear to be localized, similar to those of an aphasia subsequent to a stroke. After the early course of the disease, PPA usually progresses to dementia with the characteristic cognitive disorders of other dementias. A diagnosis of PPA requires a minimum 2-year history of language decline, relative sparing of other mental functions, independence in activities of daily living, a neurologic workup excluding other causes of aphasia, and a neuropsychological workup that supports the complaints.50












Management of Aphasia


All aphasias evolve over time, allowing probable prognoses to be made based on careful baseline assessment (3 to 4 weeks after onset). For example, the condition of a patient with severe nonfluent (global) aphasia at baseline with adequate speech-language treatment is likely to evolve to a chronic Broca-type aphasia. The condition of a patient who has severe fluent (Wernicke’s) aphasia at baseline with adequate treatment has a good probability of evolving to a conduction or anomic aphasia.


Treatment by the speech-language pathologist is based on a careful assessment of all communication modalities: speaking, listening, reading, and writing. The patient’s deficit areas and relative strengths and weaknesses are determined. Assessments of both impairment and activity/participation levels are ideally done as defined by the World Health Organization.83 The focus of speech-language treatment in the acute and subacute recovery period is restoration of speech and language abilities, and treatment is individualized. Education and counseling with the family are also important.5


Numerous therapy approaches specific to the complex speech-language behaviors exhibited by patients with aphasia are available and have been demonstrated to be effective.23 Metaanalyses63,64 of the outcomes of therapy for aphasia have shown that language therapy for aphasia has a significant positive impact on recovery in the acute and chronic phases, and the amount of speech-language treatment is a critical factor for establishing effective and long-lasting improvements.7,10,17,52 Intensive aphasia therapy (on average 98 hours) appeared to be a requirement for positive outcomes,10,72 and shorter amounts of treatment (on average 44 hours or less) are not effective.7,10,73 Evidence-based practice is not the least expensive use of rehabilitation dollars but is the better investment of resources if significant improvement is expected.









Related Neurobehavioral Disorders


Often co-occurring with aphasia are a number of related neurobehavioral disorders, and it is important to differentiate them from the communication disorder. Only apraxia and agnosia are reviewed here. The physiatrist should consult a more detailed mental status examination such as Strub and Black70 and/or a neuropsychologist for a differential diagnosis of these higher-order motor and sensory processing disorders.






Apraxia


Apraxia is an acquired disorder of learned skilled, sequential motor movements that cannot be accounted for by elementary disturbances of strength, coordination, sensation, or lack of comprehension or attention.25 Apraxia is not a low-level motor disturbance but a deficit in motor planning that involves the integrative steps that precede skilled or learned movements.70 Apraxias occur more often as a result of left hemisphere lesions. Because adequate verbal comprehension is a prerequisite to valid praxis (motor integration needed for execution of complex learned movements) testing, it is important for the speech-language pathologist to be consulted regarding auditory comprehension abilities when a motor planning problem is suspected. It is also important that patients with a motor planning deficit not receive a diagnosis of comprehension difficulties, because the motor planning disorder prevents their making an adequate response to comprehension testing.


Ideamotor apraxia is the most common type of apraxia. Patients with this form of apraxia fail to perform previously learned motor acts accurately. Impairments can be seen in buccofacial, limb, or whole-body musculature. Ideational apraxia is a disturbance of complex motor planning of a higher order than is seen in ideamotor apraxia. It is a breakdown in the performance of a task that involves a series of related steps.70 Brief screening by commands can help the physiatrist to differentiate a motor planning disorder from a true language disorder (Table 3-4).


Table 3-4 Evaluation of Ideamotor Apraxia






	Commands

	Errors






	Buccofacial






	“Show me how to—”:

	 






	1. “Blow out a match.”

	Difficulty giving short, controlled exhalation; saying “blow”; inhaling; difficulty maintaining appropriate mouth posture






	2. “Protrude your tongue.”

	Inability to stick out tongue; tongue moving in mouth but tending to push against front teeth and not protruding






	3. “Drink through a straw.”

	Inability to sustain a pucker; blowing instead of drawing through the straw; random mouthing movements






	Limb






	“Show me how to—”:

	 






	1. “Salute.”

	Hand over head; hand waving; improper position of hand






	2. “Use a toothbrush.”

	Failure to show any proper grip; failure to open mouth; grossly missing the mouth; using finger to pick teeth; not allowing adequate distance for shaft of toothbrush; using the finger as a toothbrush






	3. “Flip a coin.”

	Movements miming tossing the coin into the air with an open hand; supinating or pronating the hand as though turning a doorknob; flexing the arm without flipping thumb against finger






	4. “Hammer a nail.”

	Moving hand back and forth horizontally; pounding with fist






	5. “Comb your hair.”

	Using fingers as teeth of comb; smoothing the hair; making inexact hand movements






	6. “Snap your fingers.”

	Extension of fingers with patting movements; tapping of finger on thumb; sliding finger off thumb with insufficient force






	7. “Kick a ball.”

	Stamping foot; pushing foot along floor; moving foot laterally






	8. “Crush out a cigarette.”

	Stamping foot; kicking foot on floor






	Whole body






	“Show me how to—”:

	 






	1. “Stand like a boxer.”

	Awkward arm position; hands at side






	2. “Swing a baseball bat.”

	Difficulty in placing both hands together; chopping movements






	3. “Bow” (for a man) or “Curtsy” (for a woman)

	Any inappropriate truncal movement







(Modified from Strub RL, Black FW: The mental status examination in neurology, ed 4, Philadelphia, 2000, FA Davis, with permission of FA Davis.)









Agnosia


Agnosias are acquired complex disorders of recognition in some sensory modality (i.e., visual, auditory, and tactile). Agnosia can also be specific for a particular class within a modality, such as agnosia for objects, agnosia for pictures, agnosia for faces (prosopagnosia), or agnosia for colors.70 Most agnosias are caused from bilateral lesions, although there are exceptions to this.


Just as in the case of the apraxias, it is important to differentiate agnosia from aphasia. Visual agnosia is a complex disorder in which the patient is unable to recognize objects or pictures of objects presented visually, even though visual acuity is adequate. Patients with auditory agnosia can have complete cortical deafness to partial deficits of recognition of specific types of sound.70 Differentiating auditory agnosia from aphasia is complex and requires assessment by a speech-language pathologist and neuropsychologist. Patients with auditory agnosia can hear noises (e.g., a vacuum cleaner, a doorbell ring) but not recognize their meanings. Many patients with auditory agnosia cannot recognize any speech but can respond to the same questions in written form. Tactile agnosias occur from parietal lesions and contribute to a range of sensory disorders. These include astereognosis (inability to identify objects palpated by the opposite hand) or agraphesthesia (inability to recognize numbers or letters written on the opposite side of the body).70 Some consider these deficits part of cortical sensory loss rather than a true agnosia; others call them apperceptive tactile agnosias.70















Right Hemisphere Communication Disorders


Patients with stroke of the nondominant or right hemisphere present a very different profile from those with left hemisphere lesions and aphasia (Table 3-5). In the right hemisphere patient, the communication disorder is often a secondary consequence of significant cognitive and neurobehavioral deficits. Mesulam49 provided one of the earliest descriptions of the complex deficits resulting from right hemisphere damage. He suggested four cardinal signs of right hemisphere involvement: constructional deficits, left-sided unilateral or hemispatial neglect, dressing apraxia, and denial or indifference. Numerous studies of non–brain-damaged as well as brain-damaged adults show the right hemisphere to be specialized for certain aspects of attention, visual-spatial skills, sensory integration, face recognition, memory, affective (emotional) expression and interpretation, nonverbal expression and interpretation, and problem solving. Because of the complexities of the neurobehavioral deficits, right hemisphere–damaged patients might have a few or many of the salient features.


Table 3-5 Comparison of Communication and Neurobehavioral Deficits Between Aphasia and Right Hemisphere Communication Disorders






	Aphasia

	Right Hemisphere Disorder






	Pure linguistic deficits dominant

	Linguistic deficits not dominant






	More severe problems in naming, fluency, auditory and comprehension, reading and writing

	Only mild problems






	No left-sided neglect

	Left-sided neglect






	No denial of illness

	Denial of illness






	Speech generally relevant

	Speech often irrelevant, rambling






	Generally normal affect

	Often lacks affect






	Recognizes familiar faces

	May not recognize familiar faces






	Simplification of drawings

	Rotation and left-sided neglect of drawings






	No significant prosodic defect

	Significant prosodic defect






	Appropriate humor

	Inappropriate humor






	May retell the essence of a story

	May retell only nonessential, isolated details






	May understand implied meanings

	Understands only literal meanings







There is currently little information about lesion localization and a specific type of right hemisphere communication disorder. This is undoubtedly because many of the neurobehavioral abilities of the right hemisphere, which can affect communication, are more diffusely organized. Not all individuals with right hemisphere damage have communication deficits.53,54 The attentional deficits seen in right hemisphere–damaged patients either as a primary deficit or as a consequence of left-sided hemispatial neglect can affect reading and writing ability. Patients with right hemisphere communication disorders miss the “gist” in a communication message because of difficulties in processing emotional and prosodic input. This can affect their ability to interpret implied meanings, nonverbal signals, and/or intonation patterns that signal a question or sarcasm. Individuals with right hemisphere communication disorders often have difficulty conversing with others because they tend to be verbose, digressive, and tangential and convey little relevant information.53,74






Management of Right Hemisphere Communication Deficits


Patients with right hemisphere communication disorders should have both a neuropsychological assessment and an evaluation by the speech-language pathologist to assess the cognitive and communicative profile. Several screening and diagnostic tests have been developed to assist the speech-language pathologist in determining a plan of treatment. These include the Mini Inventory of Right Brain Injury58 and the Burns Brief Inventory of Communication and Cognition13 for screening. The Rehabilitation Institute of Chicago’s Clinical Management of Right Hemisphere Dysfunction32 can be used for more in-depth evaluation and treatment planning. Current practice suggests that treatments for right hemisphere communication disorders should be designed to compensate for deficits. This is accomplished by improving underlying attention deficits, targeting tasks to improve problem-solving abilities, improving task-oriented functional communication, and referring for counseling as needed.


Similar to patients with aphasia, patients with right hemisphere communication disorders and co-occurring neurobehavioral deficits typically improve over time. Recovery is obviously on a continuum depending on the extent of the brain damage. In general, there is faster recovery for those functions mediated diffusely than for those mediated in a more localized way. There is fairly rapid recovery in a matter of weeks to months of left-sided hemispatial neglect and facial recognition. A somewhat slower recovery occurs for constructional and dressing apraxia deficits, and a much slower recovery occurs for hemiparesis and attentional deficits. Those communication disorders affected by these neurobehavioral problems likewise follow a similar recovery course.












Cognitive Communication Disorders of Traumatic Brain Injury


There are multiple neurobehavioral and cognitive disorders and stages of recovery resulting from traumatic brain injury (TBI) that either directly or indirectly affect communicative function. The primary causes of TBI are motor vehicle and pedestrian accidents, falls, assaults, and alcohol use.15 There are two main types of TBI: penetrating and closed head injuries. Penetrating injuries, such as a gunshot wound, usually result in focal damage. Closed head injuries generally result in diffuse, bilateral damage as a result of several co-occurring factors. These factors include the following:



• The impact force (site of impact: coup effect)




• The translational pressure force (contrecoup effect: opposite from site of impact, and shearing strains from friction that might involve a wide range of brain areas including the cingulate, midbrain, anterior temporal lobes, basal frontal, and frontal poles)



• The rotational force (which causes shearing strains from friction as well as shearing strains of long fiber tracts in regions where white and gray matter join, such as the basal ganglia, hypothalamus, superior cerebellar peduncles, corpus callosum, and fiber tracts of the brainstem).


The result to brain tissue can be diffuse axonal damage, loss of myelin, and small hemorrhages.


Speech and language disorders typically associated with TBI include dysarthria; deficits in naming, auditory and reading comprehension, writing, discourse cohesion, social language skills, and nonverbal communication; and impaired attention and information processing.1,84 Focal deficits can have communication deficits similar to stroke, depending on the site of the damage, with the added burden of problems with memory. Diffuse brain injury results in communication deficits caused by general attention, information processing, cognition, and memory deficits.84 Individuals who sustain TBI can have severe attention deficits characterized by perseveration, distractibility, impulsivity, and disinhibition.67






Management of Communication Disorders Resulting From Traumatic Brain Injury


The young age of the typical patient with TBI (15 to 24 years) presents a societal problem, requiring the expertise of all members of the rehabilitation team. Obviously, the patient’s stage of recovery determines the targeted intervention goals set by the speech-language pathologist. Numerous scales to assess cognitive functioning and to rate the disability37 have been developed.37,62 The Rancho Los Amigos Scale of Cognitive Levels31 provides a set of eight categories to assess TBI according to the cognitive and behavioral characteristics and is widely used by speech-language pathologists (Table 3-6). After a patient has entered a focused rehabilitation program, intervention is usually geared toward community reentry.84 The speech-language pathologist can use a variety of screening tools such as the Behavior Rating Inventory of Executive Function (BRIEF),27 the American Speech Language Hearing Association Functional Assessment of Communication Skills in Adults (ASHA-FACS),24 the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS),61 and the Test of Language Competence—Extended (TLC-E)82 to determine current cognitive-communicative function.76 Treatment programs for patients with TBI can include a wide range of targets including attention training, management of memory impairments,68 social skills and behavior regulation management,39,85 and executive function deficits, as well as the use of amplifiers and vocal programs. (See Chapter 49 for additional information on TBI.)


Table 3-6 The Rancho Los Amigos Scale of Cognitive Levels






	Level

	Definition






	1. No response

	No response to pain, touch, sound, or sight.






	2. Generalized response

	Inconsistent, nonpurposeful, nonspecific responses to intense stimuli. Responds to pain but response might be delayed.






	3. Localized response

	Blinks to strong light, turns toward or away from sound, responds to physical discomfort. Inconsistent responses to some commands.






	4. Confused agitated

	Alert, very active with aggressive and/or bizarre behaviors. Attention span is short. Behavior is nonpurposeful, and patient is disoriented and unaware of present events.






	5. Confused nonagitated

	Exhibits gross attention to environment. Is highly distractible, requires continual redirection to keep on task. Is alert and responds to simple commands. Performs previously learned tasks but has great difficulty learning new ones. Becomes agitated by too much stimulation. Might engage in social conversation but with inappropriate verbalizations.






	6. Confused appropriate

	Behavior is goal-directed with assistance. Inconsistent orientation to time and place. Retention span and recent memory are impaired. Consistently follows simple directions.






	7. Automatic appropriate

	Performs daily routine in highly familiar environments without confusion but in an automatic, robot-like manner. Is oriented to setting but insight, judgment, and problem-solving are poor.






	8. Purposeful appropriate

	Responds appropriately in most situations. Can generalize new learning across situations. Does not require daily supervision. Might have poor tolerance for stress and might exhibit some abstract reasoning disabilities.







From Hagen C, Malkamus D: Interaction strategies for language disorders secondary to head trauma, Atlanta, 1979. Presented at the annual convention of the American Speech-Language-Hearing Association, with permission.












Communicative and Cognitive Deficits Associated With Dementia


While the physiatrist might not associate language as a major aspect of the early cognitive deficit of the dementias, the original case described by Alzheimer3 revealed a clear description of a fluent aphasia.44 The communicative-cognitive difficulties associated with dementia are multifaceted depending on the etiology of the disease (i.e., Alzheimer’s, vascular disease, Lewy body disease, Parkinson’s disease). The Diagnostic and Statistical Manual of Mental Disorders (fourth edition)4 specifies the criteria required for a diagnosis of dementia. A patient must have multiple cognitive deficits that include both of the following:



• Evidence of short-and long-term memory impairment



• At least one of the following conditions: aphasia, apraxia, agnosia, or impaired executive functioning


Bayles8 describes the complexity of separating the cognitive problems from language difficulties in dementia. Patients might fail a naming task not because of a language deficit but because the demands on attention or other cognitive processes are too great. The memory deficits that define the syndrome of dementia devastate the patient’s ability to communicate normally.8 Patients can also have serious memory problems because of depression. One of the first screens for the physician who works with the elderly patient is to distinguish dementia from pseudodementia (which is really depression). Table 3-7 shows the clear contrasts between these two disorders.


Table 3-7 Differential Features of Pseudodementia and Dementia






	 

	Pseudodementia

	Dementia






	Clinical course and history

	


Onset fairly well demarcated



History short




	


Onset indistinct



History quite long before consultation









	 

	Rapidly progressive

	Early deficits that often go unnoticed






	 

	History of previous psychiatric difficulty or recent life crisis

	Uncommon occurrence of previous psychiatric problems or emotional crisis






	Clinical behavior

	Detailed, elaborate complaints of cognitive dysfunction

	Little complaint of cognitive loss






	 

	Little effort expended on examination items

	Struggles with cognitive tasks






	 

	Affective change often present

	Usually apathetic with shallow emotions






	 

	Behavior does not reflect cognitive loss

	Behavior compatible with cognitive loss






	 

	Nocturnal exacerbation rare

	Nocturnal accentuation of dysfunction common






	Examination findings

	Frequently answers “I don’t know” before even trying

	Usually tries items






	 

	Inconsistent memory loss for both recent and remote items

	Memory loss for recent items worse than for remote items






	 

	May have particular memory gaps

	No specific memory gaps exist






	 

	Generally inconsistent performance

	Rather consistently impaired performance







From Strub RL, Black FW: The mental status examination in neurology, ed 4, Philadelphia, 2000, FA Davis, with permission of FA Davis.






Management of Communicative and Cognitive Disorders Resulting From Dementia


Current evidence for the treatment of speech and language deficits subsequent to dementia includes family and staff education, compensatory skills, and direct intervention including spaced retrieval treatment (memory intervention with systematically lengthened intervals between recall opportunities).34 Early in the disease course, maintenance and compensatory activities for speech and cognitive problems are merited. Treatment of the dysarthrias for many of the progressive neurologic motor diseases focuses on compensatory speech and voice techniques and administration of drugs. Treatments for the cognitive deficits focus on reducing demands on memory.33,47 This type of treatment would capitalize on preserved recognition memory and avoid free-recall situations. Quayhagen et al.60 have shown preliminary evidence that intensive cognitive therapy can slow the general cognitive and behavioral decline associated with dementia. A major role of the speech-language pathologist is to work with the families of patients with dementia in terms of education, behavioral management, and approaches that might ease frustration and enhance communication with their family member(s). Evidence-based approaches indicate the necessity of at least four educationally oriented sessions with a focus on describing the dementia and its impact on communication, demonstrating verbal and nonverbal communication strategies to improve communication with individuals with dementia, and practicing use of communicative strategies.89












Motor Speech Disorders


Apraxia of speech (AOS) and dysarthria are motor speech disorders associated with both acute and progressive neurologic disease. The differential diagnosis of motor speech disorders is based on a motor speech assessment that includes a medical history, an oral mechanism examination, a perceptual speech characteristics assessment, a speech intelligibility rating, and an acoustic and physiologic analyses.20


AOS is a motor planning and programming disorder. It is characterized by articulation errors, impaired initiation of oral movement, reduced speaking rate, and prosodic errors.20,48 Automatic speech (reciting the days of the week) can be relatively unimpaired compared with purposeful, propositional speech (describing an illness). AOS often results from damage to the dominant hemisphere, usually the left, in the perisylvian and insular areas and subcortical structures. The typical neurologic diagnosis of disease is a unilateral cortical or subcortical stroke.


Dysarthria is a collective term for a variety of distinct sensorimotor speech execution disorders.20 Overall, dysarthria is characterized by impairments to the articulatory, respiratory, laryngeal, and resonance subsystems of speech.20 It results from damage to the central and/or peripheral nervous system, including the cerebrum, cerebellum, basal ganglia, brainstem, and cranial nerves. Depending on the underlying neurologic disease, its onset can be sudden or gradual and evolve in a recovering, stable, degenerative, or exacerbating-remitting course.20,40,41


The more common causes of dysarthria include unilateral, bilateral, or brainstem stroke, Parkinson’s disease, multiple sclerosis, and amyotrophic lateral sclerosis. Accurate diagnosis of the type of dysarthria is crucial to adequate management and treatment. Table 3-8 outlines the defining characteristics of each type of dysarthria and the typical neurologic diagnoses.




Table 3-8 Various Types of Dysarthria, Neurologic Diagnosis, Onset, and Course, and Salient Speech, Language, and Cognition Characteristics


[image: image]




Flaccid dysarthria results from lower motor neuron lesions. The salient speech characteristics include breathy vocal quality, short phrase length, hypernasality, imprecise articulation, monopitch, and monoloudness. The presence of these characteristics depends on the site of damage; for example, Bell’s palsy can cause imprecise articulation, but vocal quality and prosody is unimpaired. The confirming signs of flaccid damage are hypotonic muscles, hyporeflexia, diminished reflexes, muscle atrophy, and fasciculations.20


Spastic dysarthria results from upper motor neuron lesions. The salient speech characteristics are a strained-strangled voice quality, slow speaking rate, and imprecise articulation.20


Ataxic dysarthria results from damage to the cerebellum. It is characterized by imprecise and irregular articulation breakdown, distorted vowels, excess and equal prosodic stress, prolonged phonemes, slow speaking rate, harsh voice quality, monopitch, and monoloudness quality. Confirming signs of ataxic dysarthria include ataxia, dysmetria, disordered stance and gait, and oculomotor abnormalities.20


Hypokinetic dysarthria is associated with damage to the basal ganglia. The salient speech characteristics include monopitch and monoloudness, reduced prosodic stress, short rushes of speech or fast speaking rate, variable speaking rates, and imprecise articulation. Confirming signs of hypokinetic damage are tremor, rigidity, bradykinesia, and postural abnormalities.


Hyperkinetic dysarthria also is associated with damage to the basal ganglia. The salient speech characteristics differ from those of hypokinetic dysarthria and include imprecise articulation, variable speaking rate, inappropriate silences, excess loudness variations, prolonged phonemes, and sudden forced inspiration or expiration. Confirming signs of hyperkinetic damage are dyskinesia, tics, chorea, ballism, athetosis, dystonia, spasm, and essential tremor.20


Unilateral upper motor neuron dysarthria is a relatively new diagnostic subtype. It is characterized by a primary articulatory disorder and is caused by a unilateral stroke or tumor affecting the upper motor neuron system.20 It differs from spastic dysarthria because of its lack of respiratory, laryngeal, and resonance impairments. It differs from AOS because of its lack of initiation and sequencing error.


Mixed dysarthrias result from multiple motor system damage that can occur in the central and peripheral nervous system. These mixed dysarthrias are characterized by imprecise articulation and impaired resonance (hyponasal or hypernasal quality), prosody (fast or slow speaking rate), vocal quality (breathy or strained-strangled or harsh), and respiration (short rushes of speech or excessive loudness).20 The specific characteristics depend on which motor systems are damaged, but the most common types of mixed dysarthria are spastic-flaccid resulting from amyotrophic lateral sclerosis, and spastic-ataxic resulting from stroke.






Management of Motor Speech Disorders


Management of motor speech disorders can include medical (e.g., pharmacologic), prosthetic (e.g., augmentative device), and/or behavioral interventions86 (e.g., improving speech intelligibility) with the primary goal of improving communication function.87 Reported potentially effective treatments for AOS include articulatory kinematics (e.g., sound production accuracy and sequencing), speech rate and rhythm control (e.g., metronomic pacing), and prosthetic (e.g., use of pictures or words to communicate).80 Effective treatments for respiratory and phonatory impairments resulting from dysarthria include modification of loudness in individuals with Parkinson’s disease87; biofeedback of subglottal air pressure, excursion of the abdomen and rib cage, and loudness; and use of devices such as delayed auditory feedback and amplifiers.87,88
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Chapter 4 Psychological Assessment and Intervention in Rehabilitation




Stephanie A. Reid-Arndt, Bruce Caplan, Michele J. Rusin, Beth S. Slomine, Jay M. Uomoto, Robert G. Frank





Psychologists have historically played multiple vital roles in both the scientific and clinical components of the field of rehabilitation. More than 50 years ago, the specialty of rehabilitation psychology defined biopsychosocial parameters as critical parameters in the assessment and treatment of individuals with disability. This chapter is a brief explanation of the principles and practices of rehabilitation psychology. Please see the recent Handbook of Rehabilitation Psychology134 for further information on these topics and for diagnosis-specific discussions.


Rehabilitation psychologists serve multiple clients including patients, family members, and staff. They also serve community entities such as schools, employers, and vocational rehabilitation agencies. This chapter provides an overview of common activities of rehabilitation psychologists and also addresses emerging topics, such as the burgeoning needs of returning military personnel and the new roles for rehabilitation psychologists.57 The reader is also directed to excellent chapters on rehabilitation psychology in the first three editions of this text, as a considerable amount of the material covered therein remains both accurate and relevant.


The most fundamental function of rehabilitation psychologists is the assessment and treatment of emotional, cognitive, and psychological disorders—whether congenital or acquired. Rehabilitation psychologists evaluate changes in neuropsychological functions that accompany brain injury or dysfunction, and advise on the implications of these for rehabilitation therapies and postdischarge life. This includes suggesting behavioral management strategies for problems such as pain and insomnia; counseling on issues related to sexuality and disability; aiding in transition from institution to community (including return to school or work)136,137; assisting in answering questions of capacity or guardianship needs; and advocating for reduction of environmental and societal barriers to independent functioning of persons with disabilities.


Rehabilitation psychologists can work with the patient and treating team and/or family groups. Although treatment teams are now found in other areas of medicine (e.g., primary care100 and psychiatry277), no other health care endeavor brings together such a diverse collection of specialists, and perhaps no other specialty has played as many unique roles on the rehabilitation team as the psychologist.55


As Diller99 wrote, “The key to rehabilitation is the interdisciplinary team.” Diller noted even back in 1990 that fiscal pressures were working to undercut the existence of interdisciplinary teams, but they have persisted. Rehabilitation teams, however, have evolved, and their composition can differ depending on the particular rehabilitation setting. As Scherer et al.330 noted, regardless of setting or area of specialization, the rehabilitation psychologist is consistently involved in interdisciplinary teamwork.


Rehabilitation psychologists can assist other staff in interpreting, understanding, and dealing with “problem behaviors” (e.g., low motivation, denial, irritability) exhibited by patients, friends, and family members.64 They can educate the treating team about the contribution of both stable personality traits and the more transient emotional responses to disability and hospitalization, to patient (and family) behavior. Rehabilitation psychologists also participate in rehabilitation research, as investigators in the Model Systems for spinal cord injury (SCI), traumatic brain injury (TBI), and burn care, for example. Rehabilitation psychologists can also use their training in group dynamics to assist in conflict resolution among team members, patient, staff, and family.62


As resources have shrunken in recent years, some individual counseling has given way to group-based treatments. These can be psychotherapeutic in nature, or more didactic (teaching practical strategies for managing the consequences of their disabling conditions). In some settings, family groups are offered to help counsel and educate family members regarding the emotional and behavioral consequences of disability.


To promote patients’ progress toward functional goals, such as resuming school and obtaining employment, rehabilitation psychologists collaborate with community agencies such as schools and vocational rehabilitation services. For example, evaluations by pediatric rehabilitation psychologists can form the basis for accommodations offered in school settings to children with congenital or acquired disabilities. Adults benefit from assessment services by rehabilitation psychologists, because these can be used to determine eligibility for services and to inform decisions regarding the nature of services that can be provided by state vocational rehabilitation agencies. Armed with knowledge of the Americans with Disabilities Act8 and related legislation, rehabilitation psychologists can be a resource for patients and community agencies regarding rights and responsibilities related to accommodations in facilities and employment settings.






Assessment


Drawing on expertise in functional neuroanatomy, psychometric theory, psychopathology, psychosocial models of illness and disability, and psychological and neuropsychological assessment and treatment applications,284 rehabilitation psychologists can provide essential assessment services in both inpatient and outpatient settings. Recognizing the multiple determinants of patient outcomes, rehabilitation psychologists take a multifactorial, multidimensional approach to assessment of cognitive functions, emotional state, behavior, personality, family dynamics, and the environment to which the patient will ultimately return.400 These assessments have many goals (Box 4-1).





BOX 4-1 Partial List of Goals of Rehabilitation Psychologists’ Assessments






• Providing information about patients’ current cognitive, neurobehavioral, and psychological functioning to the rehabilitation team (which includes the patient and family members)



• Identifying patients’ cognitive and behavioral strengths and weaknesses and how they can be respectively engaged and remediated, to promote a positive treatment response



• Offering indications of potential future functioning to assist patient, family, and rehabilitation health care providers in long-term planning





Assessment strategies include interviews, standardized and nonstandardized testing, behavioral observation, and consultation with other members of the treating team.






Clinical Interviews and Behavioral Observations


Rehabilitation psychologists provide assessment services across the continuum of rehabilitation settings. Although the nature of the assessment varies with the referral question(s), two commonalities apply to virtually all of these assessments. First, a comprehensive clinical interview with the patient and other informants is done whenever possible. This interview covers developmental history, medical history, prior psychiatric and psychological treatment, behavioral health issues (e.g., substance abuse), educational and vocational achievements, psychosocial factors (e.g., information about family of origin, current family system, and other potential social supports), and historical style of coping with stress (see Chapter 3 in Strauss et al.353 and Part II in Frank et al.134). The focus is on the effects of psychological factors and cognitive abilities on daily functional abilities.


Second, these assessments rely on behavioral observations of the patient during the interview and in other settings (e.g., rehabilitation unit, community settings when possible). These behavioral observations can enrich the understanding of a patient’s current functional cognitive abilities, including communication, comprehension, attention/concentration, and self-regulation. Sometimes psychological “red flags” or other obstacles to progress are detected, such as depression or anxiety. The assessment can help determine the appropriate use of coping strategies. In addition, indications of diminished motivation and effort might be manifested by inconsistencies in the patient’s demonstrated abilities, an apparent response bias (e.g., a reluctance to guess or to try new activities), and/or disparities between competence and performance (i.e., “can do” vs. “does do”). Observations of the patient’s behavior by other treatment team members across various rehabilitation situations are integrated with other data to reach an understanding of how best to work with the patient and family to promote participation and progress in rehabilitation.









Neuropsychological Assessment






Overview


Neuropsychological assessment has become increasingly important in inpatient settings since the expansion of brain injury rehabilitation programs in the 1980s.84,309 Patients with brain injury or other neurologic conditions (e.g., stroke, multiple sclerosis) now comprise a large segment of the rehabilitation population, as do older adults with nonneurologic impairments who also show cognitive effects of normal aging that should be considered in rehabilitation planning.219 Inpatient screening by the rehabilitation psychologist is a standard and important component of the care of these individuals, consistent with best practices guidelines advanced by the U.S. Department of Veterans Affairs378 and endorsed by the American Academy of Physical Medicine and Rehabilitation.3 Outpatient assessments of neuropsychological functioning are also critical for continuing treatment planning, making educational/vocational recommendations, and tracking outcome.336









Inpatient Neuropsychological Assessment


Early rehabilitation neuropsychology assessments can take different forms, depending on the patient’s mental status. For patients at a low level of consciousness, initial (and serial) assessment with brief screening measures (e.g., Coma/Near Coma scale,300 Orientation Log180) can identify subtle changes in cognitive functioning that are not apparent from casual observation. Such early information regarding recovery of orientation can also help predict functional outcomes at discharge.412


For individuals at Rancho Los Amigos Scale VI and above, neuropsychological testing early in acute rehabilitation provides a baseline against which changes in functioning over time can be documented. Testing during this phase also provides an early indication of patients’ potential for improvement over time. Early cognitive screening can predict later need for supervision162 and functional outcomes.98,337 It should also be noted that performance on neuropsychological testing after the resolution of posttraumatic amnesia has been associated with return to productivity (employment or attending school) at 1-year postinjury.32,73,178,320 Neuropsychological assessment results during this period more directly predict functional outcomes among individuals with TBI than does injury severity.51,271 Information from baseline testing can also be incorporated into education for family members to help them understand the sources of certain troubling behaviors (e.g., neglect, impulsivity), and to begin to envision the range of possible outcomes and start to cope with potential long-term sequelae.


Neuropsychological testing of the fully oriented patient can be a vital component of rehabilitation planning and treatment. The resulting data document cognitive strengths and weaknesses that enable the rehabilitation psychologist to suggest useful strategies for promoting learning and fostering participation in rehabilitation, and to call attention to potential barriers to progress.344 Neuropsychological assessments involve the evaluation of fundamental skills (e.g., attention, information encoding), which underlie more complex behaviors that are the goals of other therapies (e.g., learning to use adaptive equipment). Armed with a map of the patient’s “cognitive landscape,” the rehabilitation psychologist can work with the team to develop intervention strategies for maximizing the patient’s success in acquiring the skills that are the goals of therapy.


In inpatient settings, rehabilitation psychologists identify neurobehavioral problems (e.g., depression, irritability, fatigue, restlessness) that are frequently reported after brain injury.327 These difficulties can impede participation and gains in rehabilitation,294 and they also have long-term functional implications.48 Depression can result from neurologic changes,123 adjustment-related issues,317 and/or premorbid personality and psychiatric difficulties.294 Depression can significantly limit a patient’s ability to learn new skills in rehabilitation.294 Those experiencing significant depression often evidence greater functional limitations than cognitive test scores alone would predict. When such a discrepancy is uncovered, rehabilitation psychologists can highlight the interplay between psychological issues and functional performance, and assist the team in developing behavioral strategies to minimize this impediment to progress.


For individuals nearing discharge from acute rehabilitation, neuropsychological testing can inform recommendations about important postdischarge issues and complex activities such as the ability to live independently,358 to return to work or school,38 and to resume driving.229


Many patients for whom brain-related insults are not the primary admission diagnosis might also benefit from neuropsychological testing. For example, approximately half of individuals with SCI have evidence of TBI,87 a comorbidity that is seen as a particularly challenging one in rehabilitation,310 and one associated with more limited functional gains during rehabilitation224 and increased costs.39 Because their TBI-related impairments are typically more subtle than those of individuals with a primary TBI diagnosis, neuropsychological testing of individuals with SCI can be more sensitive to their cognitive impairments than are broader screening measures such as the FIM.39


Elderly patients admitted for nonneurologic problems can also benefit from inpatient neuropsychological testing. Research indicates that cognitive deficits occur with equal frequency among elderly individuals admitted for rehabilitation after lower limb fractures and those being treated for stroke.237 Neuropsychological testing of these individuals can raise awareness of subtle cognitive difficulties that might affect participation in rehabilitation. In addition, dementia appears to be more common in geriatric rehabilitation populations than in elderly individuals living in the community, but it often remains undetected in rehabilitation settings.218 Neuropsychological screening is recommended for uncovering cognitive deficits and for identifying priorities for intervention during rehabilitation and in the context of discharge planning.219 Assessment of cognitive functioning has also been shown to predict outcomes in elderly individuals admitted to rehabilitation for such conditions as hip fractures.170









Outpatient Neuropsychological Assessment


Even when assessments have been completed in the inpatient setting, outpatient neuropsychological testing is often a valuable component of follow-up care for rehabilitation populations with neurologic conditions.269 Although inpatient assessments provide valuable baseline data, numerous factors can affect recovery over time,396 and declines in cognitive functioning might even occur in a small portion of individuals. In these situations, follow-up outpatient neuropsychological testing can signal the need for further medical workup. In addition, when compared with inpatient testing results, outpatient neuropsychological assessments allow determination of changes in functioning over time. These are important data, given the observed variability in patients’ recovery patterns.257


Neuropsychological testing can be particularly valuable in deciding whether outpatient rehabilitation services are likely to be helpful for individuals who first present to physiatry clinics later in their recovery. The testing data can aid in decision making about interventions for cognitive deficits, such as the use of neuropharmacologic treatments.416 As with inpatient evaluations, the rehabilitation psychologist strives to differentiate the relative contributions of neurobehavioral, psychological, and cognitive issues to daily functioning, because this can have direct implications for treatment planning. For example, if poor daily memory functioning is due to emotional distress, psychotherapy for adjustment issues or psychopharmacologic treatment, or both, would be indicated rather than training in compensatory strategies.


Outpatient neuropsychological assessments also play an important role in educating the patient and family about ongoing cognitive and neurobehavioral consequences of the injury or insult, and promoting advocacy for the patient and family. While teaching the patient and family members about the patient’s condition is a primary goal in the inpatient setting and can have positive benefits on patient outcomes,285 families and patients rarely retain all information provided to them. A follow-up consultation after the patient has had real-life experiences of success and failure provides an opportunity for the rehabilitation psychologist to draw connections among the patient’s medical condition, neuropsychological functioning, and daily difficulties. The implications of neuropsychological test performance for daily functioning are discussed. This discussion also takes into account changes secondary to recovery of functioning and development of new compensatory strategies, as well as changes in situational factors. Assessment findings form the basis for specific recommendations regarding adaptation tactics that can be used in patients’ daily lives (e.g., memory notebooks), and for guidance regarding how to achieve or adjust as necessary long-term goals such as returning to work, school, or independent living.292


For many individuals with persistent cognitive limitations, outpatient neuropsychological testing provides a basis for addressing issues related to disability. In addition to being associated with concurrent levels of productivity,11 outpatient testing at 5 months postinjury predicts return to productivity at 1 year postinjury.158 While many individuals resume working or attending school, accommodations or assistance might be needed, and test results can help clarify just what special provisions are needed. Not only can neuropsychological testing document cognitive strengths and weaknesses for determinations of eligibility for state services (e.g., vocational rehabilitation), but it can also help guide the nature of the services that are provided. As detailed in subsequent sections, neuropsychological testing can drive recommendations regarding accommodations in the educational realm. For those individuals unable to work because of their neurologic condition, neuropsychological testing is often relied on in determinations of disability by government as well as private organizations.356









Domains Assessed


Primary domains assessed in neuropsychological evaluations include intelligence, academic ability, memory, attention, processing speed, language, visual-spatial skills, executive abilities, sensory-motor functions, behavioral functions, and emotional status.217 Box 4-2 shows selected neuropsychological measures grouped by primary cognitive domain. (Virtually all neuropsychological tests are multifactorial, so the groupings in Box 4-2 are based on the presumed major cognitive skill required by the test.) While a deficit in any area can have a significant impact on functional outcomes for a given patient, large-scale studies suggest that memory, attention, and executive functioning have particular relevance for rehabilitation populations, including individuals with TBI.151





BOX 4-2 Sample Neuropsychological Tests by Primary Cognitive Domain






Intellectual Functioning/Academic Abilities


Wechsler Adult Intelligence Scales (WAIS-III/WAIS-IV)386,390


Wechsler Abbreviated Scale of Intelligence (WASI)387


Stanford-Binet Intelligence Scale364


Stanford-Binet Intelligence Scales, Fifth Edition316


Shipley Institute of Living Scale, Revised411


Wide Range Achievement Test–Third Edition394


Woodcock-Johnson III403









Learning and Memory


Auditory Consonant Trigram Test260,287


Rey Auditory-Verbal Learning Test331


California Verbal Learning Test–Second Edition91


Hopkins Verbal Learning Test–Revised44


Selective Reminding Test50


Complex Figure Test85,311


Benton Visual Retention Test24


Wechsler Memory Scales (WMS-III/WMS-IV)384


Recognition Memory Test









Attention


Continuous Performance Test80


Paced Auditory Serial Addition Test158


Stroop Test183


Symbol Digit Modalities Test342


Trail Making Test304,348


Ruff 2 & 7 Selective Attention Test318









Language Skills


Boston Diagnostic Aphasia Examination, Third Edition150


Multilingual Aphasia Examination25


Token Test33


Boston Naming Test192


Peabody Picture Vocabulary Test, Third Edition108


Controlled Oral Word Association348


National Adult Reading Test, Second Edition268









Visual-Spatial Skills


Judgment of Line Orientation26


Hooper Visual Organization Test176


Bender-Gestalt Test22


Developmental Test of Visual-Motor Integration20


Complex Figure Test-Copy306









Executive Functions


Category Test161,305


Raven’s Progressive Matrices301


Wisconsin Card Sorting Test154


Ruff Figural Fluency Test319


Behavioural Assessment of the Dysexecutive Syndrome


Delis-Kaplan Executive Function System89









Sensory Motor and Sensory Perceptual Functions


Tactile Finger Recognition305


Finger Tapping Test305,348


Purdue Pegboard Test365


Grooved Pegboard203


Grip Strength Test305,348


Reitan-Klove Sensory Perceptual Examination305









Neuropsychological Assessment Batteries


Halstead-Reitan Neuropsychological Battery161,305


Neuropsychological Assessment Battery352


Cognistat198


Mini-Mental Status Examination127


Mattis Dementia Rating Scale241


Repeatable Battery for the Assessment of Neuropsychological Status299








Memory impairments are prevalent after acquired neurologic injuries such as TBI244 and stroke,12 and can be significantly disruptive to the rehabilitation process. Memory problems can interfere with a patients’ ability to learn and retain new skills and/or develop compensatory strategies taught by rehabilitation providers. Memory problems can significantly hamper the achievement of important functional outcomes and productivity.32,156


Attention is a multifaceted construct that underlies all other cognitive skills and is especially important for intact memory functioning, because information that is not attended to cannot be recalled at a later time. Components of attention include focused attention, sustained attention, selective attention, alternating attention, and divided attention.344 In addition to memory problems, attention deficits are among the most commonly reported difficulties in persons with TBI208 and in those with a history of stroke.215 Deficits in attention are also associated with relatively poorer long-term functional outcomes, including diminished likelihood of returning to work and independent living.47


Executive functioning is a complex cognitive domain encompassing multiple skills that pervade all aspects of daily life. Neural systems engaged in executive functioning involve interconnections of diverse neuroanatomic regions,139 but the frontal lobes are viewed as especially vital. Executive functioning deficits include difficulties with problem solving, reasoning, planning, response inhibition, judgment, and use of feedback to modify one’s performance, as well as behavioral deficits such as problems with self-awareness and poor motivation. Neuropsychological tests typically focus on evaluating cognitive manifestations of executive dysfunction. Behavioral evaluation of executive functioning relies to a great extent on observations in natural settings, but some behaviors might emerge during testing. Several questionnaires are specifically designed to detect these behavioral issues, such as the Frontal Systems Behavior Sale (FrSBe).152 Deficits in executive functioning predict important outcomes such as poor quality of life174 and functional outcomes.215












Test Considerations






Fixed Versus Flexible Batteries


Rehabilitation psychologists must balance the relative costs and benefits of fixed versus flexible assessment batteries in neuropsychological assessments. With fixed batteries, such as the expanded Halstead-Reitan battery,166 the same set of tests is administered to all patients, regardless of the referral questions, and the normative data for all tests are based on a single population. Because all tests are co-normed, proponents of this approach assert that this allows for more confidence in drawing conclusions about an individual’s strengths and weaknesses, based on variability in performances across tests. Because a wide range of domains is evaluated, the rehabilitation psychologist might also identify strengths and weaknesses that were not anticipated on the basis of the referral questions or other information such as lesion locus.191


Another variant of the fixed testing approach involves the use of a test battery that is population specific15 and is developed by the rehabilitation psychologist for use with a particular patient cohort (e.g., individuals with a particular diagnosis such as multiple sclerosis).23 With this type of fixed battery, rehabilitation psychologists can amass their own clinically based normative data sets against which new patients can be compared. This approach also promotes research opportunities, because psychological and neuropsychological factors that influence participation in rehabilitation and outcomes after discharge can be identified and evaluated.


While strengths of these fixed testing approaches are numerous in the rehabilitation setting, there are some disadvantages. For example, fixed batteries can take 4 to 6 hours or longer to administer, rendering them unsuitable where there are time constraints (e.g., in inpatient settings where there is competition from other therapies for patient time) or where patient stamina is limited. The structure of a fixed battery also does not allow for a targeted assessment of difficulties, which can have greater utility for treatment planning.


As a result, the generally preferred alternative is a flexible testing approach, one in which a core set of measures is supplemented with additional tests that are selected depending on the referral question.255 As the evaluation unfolds, measures can be added or subtracted according to early findings, as strengths and weaknesses become apparent. The examiner might elect to probe certain areas in more detail to clarify their therapeutic import. At the core of this approach is the notion that flexible batteries allow for personalization of an assessment based on patient needs.15 Flexible batteries seem more responsive to the constraints of inpatient rehabilitation settings and are the preferred approach of most neuropsychologists, regardless of work setting.297









Modifying Tests for Special Populations


In rehabilitation settings, perhaps more than in any other, psychologists must be aware of factors that can produce “construct-irrelevant variance”252 in the assessment of persons with disabilities. These influences can cause spurious elevations or depressions in test scores and result in misleading inferences about the patient’s abilities and deficits. Given that most neuropsychological measures were developed for assessment of physically healthy people, the norms might not apply to those with certain disabilities. Scores on most neuropsychological tests can also be skewed by such influences as pain, fatigue, visual difficulties, and motor impairments, problems that are quite common among rehabilitation populations. These effects should be eliminated, or at least minimized, so as not to obscure assessment of the neuropsychological phenomena of interest.


A related sort of distortion can occur with instruments intended to assess personality or emotional status, because phenomena that constitute “symptoms” for nondisabled individuals might not carry the same (or any) psychologically relevant diagnostic meaning for those having disabilities. For example, the Minnesota Multiphasic Personality Inventory–2 (MMPI-2) contains items dealing with bowel function, sensory changes, and other physical phenomena that are typical consequences of SCI. Persons with SCI (or TBI, stroke, or multiple sclerosis, among others) who answer these questions honestly can produce profiles suggesting psychological pathology where there is none.140,253,359 Related measures such as the Symptom Checklist-90-Revised (SCL-90-R) are subject to similar skewing.401


Although standardized testing is the foundation on which contemporary psychological assessment is built, there is considerable support in statements of professional organizations, test publishers, and experienced clinicians for “reasonable accommodations” in testing persons with disabilities.65 The elderly, who are a rapidly expanding segment of the population, can also require special adaptations in assessment.66 For example, the most recent edition of the Wechsler Adult Intelligence Scale (WAIS-N)390 addresses these issues in a section on “suitability and fairness.” The “fairness” issue in particular is a long overdue concept in psychology.128,144 While devoting most attention to modifications for persons with hearing impairment, the WAIS-IV manual warns evaluators against “attribut(ing) low performance on a cognitive test to low intellectual ability when, in fact, it may be related to physical, language, or sensory difficulties.”390 Alterations or accommodations in the testing procedures should be recorded and taken into account in interpreting the test data. While it is recognized that “some modifications invalidate the use of norms, such testing of limits often provides very valuable qualitative and quantitative information.”390


What else can the psychologist do in such situations to ensure fair, accurate, and informative assessment? One method involves “pruning” of those items on measures designed to assess personality or emotional state that are perceived to be irrelevant to the constructs being assessed. Gass141 identified 14 potentially confounding items that, once the presence of brain injury has been established, can be removed and the protocol rescored to yield a “purified” profile. Gass140 also identified 21 “stroke symptoms” that can be handled in the same manner. Woessner and Caplan401,402 used expert consensus to determine that 14 and 19 items, respectively, from the SCL-90-R concerned phenomena that were part of the “natural history” of TBI or stroke. They argued that scores indicating pathology in physically healthy people could hold very different diagnostic significance for persons with acute or chronic medical conditions. Failure to attend to possible scale distortions could lead to misinterpretation, erroneous diagnosis, and subsequent misguided treatment.


Some authors49,106 have argued against this method, maintaining that important information might be lost if items are deleted from standard measures, or that the psychometric properties of the instrument could be significantly altered. These authors based their position on studies of individuals in litigation, however, where validity is a pervasive concern. Stein et al.351 offer a nuanced discussion of the pros and cons of retaining or eliminating “somatic items” in assessment of stroke survivors, pointing out that while these might represent a clinical problem, their mere presence offers no clue to etiology and, therefore, to treatment. The rehabilitation psychologist must analyze these symptoms in light of all available information to determine whether a psychologically treatable problem exists.


In the case of neuropsychological measures, greater ingenuity (and caution) is required to ensure that valid information is obtained from test administration. Although one naturally wants to know the impact of the disabling condition on the individual’s functioning, one does not want to consume time and energy simply to confirm the obvious. It is poor practice to administer a 60-item test of visual processing only to discover that the patient saw only part of the stimulus display because of a neurologically based deficit in attention to and awareness of one side of space (unilateral neglect). Possible strategies range from simply allowing extra time for those with psychomotor slowing or impaired manual dexterity, to actually modifying test materials themselves. Berninger et al.28 adapted certain subtests of the Wechsler Adult Intelligence Scale–Revised for use with persons with speech or motor disabilities. They created multiple-choice alternatives for verbal measures (allowing participants to point to their chosen answer), enlarged visual stimuli, and used materials adapted with Velcro to reduce the impact of motor impairment when manual manipulation is required. Caplan60 created a “midline” version of the Raven Coloured Progressive Matrices, a multiple-choice, “fill-in-the-blank” test of visual analysis and reasoning. Response alternatives are arrayed in a single column instead of rows, eliminating the lateral scanning component that limits the performance of patients with unilateral neglect. Patients with neglect performed significantly better on “midline” items than the standard ones, while those without neglect performed equally well on both types of item.


Not all authors support this approach. Lee et al.214 cautioned that even minor deviations from standard procedures can produce “significant alterations” in performance. We view this as part of the challenge in practicing what is still the “art” of assessment, an endeavor with a substantial scientific base but one that does not mandate robotic behavior on the part of the examiner.












Test Interpretation


Because a primary goal of neuropsychological testing of rehabilitation populations is to identify deficits that require remediation, a comparison standard is required against which patients’ current performances can be measured. Neuropsychological assessment procedures rely on two primary standards: population normative data and estimates of individuals’ premorbid abilities.


Population normative data provide a benchmark for the average level of ability on a certain task for a given population. Some data sets include corrections for factors that can affect test performance, such as gender, age, and education.166,220 The Heaton et al.166 database designates particular T-score ranges as “above average” (T = 55+), “average” (T = 45 to 54), or “below average” (T = 40 to 44), and these encompass roughly 85% of all scores. “Impaired” scores of increasing severity (e.g., “mild” or “moderate to severe”) are associated with progressively lower T-score ranges of 5 points, with the exception of “severe impairment” (T = 0 to 19). Increasing attention is also being paid to the influence of cultural factors,124,126 although the development of truly “culture-free” or “culture-fair” neuropsychological assessment tools is in its infancy. Although understanding an individual’s functioning compared with population norms can be a helpful starting point, it is also necessary to determine whether a decline from the “average level” reflects a loss of functioning for a particular individual. This requires a consideration of a patient’s likely premorbid abilities.


In the absence of premorbid neuropsychological data (i.e., from testing before insult), estimates of premorbid functioning allow for intraindividual comparisons by identifying a probable baseline against which current test scores can be compared. Techniques for inferring premorbid abilities include the following:



• Reliance on tests thought to be resistant to neurologic dysfunction (e.g., vocabulary, word-reading tests such as the Wechsler Test of Adult Reading388




• Formulas relying on demographic variables such as educational level and occupation, which are associated with cognitive function14




• Formulas combining subtests from intellectual assessments with demographic variables209



Although each of these techniques has research support, none is without limitations. Clinical judgment must then be used to compare test scores with this benchmark to determine the domains in which the decline has occurred.


An understudied problem is the variability with which certain terms are used in describing test performance. While adherence to a system such as that of Heaton et al.166 described above ensures consistency in the use of “impairment descriptors,” the process of drawing intraindividual comparisons by using premorbid estimates can lead to meaningful differences across clinicians in the application of such terms as “moderately impaired,” “within expectation,” or “within normal limits.” One can argue that mixing within a single report of “normative descriptors” (e.g., “high average,” “borderline”), “impairment descriptors” (e.g., “mildly impaired,” “defective”), and “expectation descriptors” (e.g., “within expectation,” “below expectation”) is both semantically inconsistent and conceptually confusing.61,159 A “high average” score for an exceptionally well-educated individual might still reflect “mild impairment,” while a “borderline” score could still be “within expectation” for one with far less schooling. Clear communication between the rehabilitation psychologist and the consumers of neuropsychological assessments (e.g., patient, family members, physiatrists, and other health care providers) is required to ensure that test findings are explained in a manner that clarifies the conclusions regarding an individual patient’s relative strengths and deficits.






Factors Affecting Validity


Neuropsychological test findings are considered valid when they accurately reflect the patient’s underlying cognitive abilities. In addition to the potential distortions caused by sensory-motor limitations and medical symptoms discussed above, two other factors that can compromise test validity are practice effects and patient effort.


Interpretation of serial neuropsychological assessments, conducted to monitor functioning over time or determine the efficacy of interventions, can be clouded by practice effects—that is, improvements in test scores resulting from familiarity with the test (or even with the process of testing) rather than real gains in cognitive functioning. Research has indicated that some tests are more susceptible to practice effects, such as those evaluating memory.242 Rehabilitation psychologists take several steps to minimize the impact of practice effects. First, comprehensive retesting evaluations are generally scheduled at sufficiently lengthy intervals (e.g., at least 6 months) to reduce the likelihood that patients can remember the test content. Alternative test forms with different test stimuli can also be used. This is especially important when the retest interval is brief. For example, comparable sets of words can be used for list-learning tasks (e.g., Hopkins Verbal Learning Test–Revised).44 There is also growing documentation of the utility of statistical corrections, such as the Reliable Change Index181 and regression-based models360 to determine whether genuine and clinically relevant change has occurred on repeat testing.167


Although the importance of assessment of patient effort has been recognized for some time,282 there has been an avalanche of reports on “symptom validity” testing during the past decade, in large part because of the increased use of neuropsychological findings in forensic settings.37,212 Although poor patient effort has been estimated to occur in 15% to 30% of forensic evaluations, the likely frequency in clinical settings remains relatively low at 8%.260,313 Current standards of practice propose that assessment of symptom validity is a necessary part of all evaluations, although the procedures can vary in different settings.51 Several aspects of patients’ presentations can be examined for indications of poor or variable effort, including variability of performances across tests measuring similar abilities, and consistency between presenting medical factors (e.g., lesion locus) and test performance. One can ask whether the data exhibit “neuropsychological coherence.” Indices of effort are embedded in some tests that are often standard components of neuropsychological evaluations.254 Measures that rely on normative comparisons or use a forced choice paradigm have also been specifically developed as tests of “motivational impairment.”29,37,212












Psychological Assessment






Psychological Issues in Rehabilitation Settings


Despite rehabilitation’s historically medical emphasis, multiple psychological factors affect both the rehabilitation process and ultimate outcome. Certain psychological conditions also put persons at greater risk for injuries, affecting the psychological mix of the rehabilitation population. People with primary psychiatric disorders are not immune from injuries or serious medical events that necessitate rehabilitation, and their responses to disability can warrant special consideration.






Depression and Anxiety


Depression and anxiety are commonly seen in rehabilitation and medical settings134 in degrees that exceed “normal” reactions to loss. Depression and anxiety are both painful and problematic, and they require identification and treatment. Estimates of the prevalence of these disorders vary widely because of differences in measurement tools and diagnostic criteria. Studies suggest that 10% to 60% of persons experience depression and 5% to 30% experience anxiety after a stroke.68,349 After an SCI, depression is observed in 11% to 40% and anxiety in 25% to 60% of patients.34,113,114,138,197 As many as one third of persons who have undergone lower limb amputations experience depression.323 Persons with TBI experience a range of psychiatric symptoms, with 30% to 80% having depression, anxiety, or behavioral problems.119,188 While further research is needed to understand why the estimates vary so greatly (and to refine our diagnostic criteria), the existing data confirm that depression and anxiety are prevalent in rehabilitation settings.









Personality Disorders and Personality Styles


Personality disorders are persistent patterns of behavior that produce impairment in occupational or social functioning. Persons with certain personality disorders can experience higher rates of injury through suicide attempts, assaults, and other violent incidents. Persons with preinjury obsessive-compulsive and antisocial personality disorders might be overrepresented among persons who experience TBI.171


Some maladaptive personality styles and traits, while not causing impairment in social or vocational functioning, might be disproportionately represented in certain rehabilitation groups. Persons with extroverted, risk-taking styles might become involved in accidents resulting in SCIs.314 Clinical interventions need to take these personality styles into consideration. For example, “action-oriented, risk-taking” individuals might learn better by doing than by discussing (perhaps an advantage in physical therapy), and might receive and accept advice better from their peers than from their doctors.314









Substance Abuse


Substance misuse is dramatically overrepresented among persons with traumatic injuries such as TBI and SCI.36 At the time of injury, one third to half of persons with TBI were found to be intoxicated.82 Marijuana (24%), cocaine (13%), and amphetamines (9%) are also often detected.35 Among persons who sustained SCIs, 29% to 40% were intoxicated at the time of the injury.168,216









Denial of Illness


Denial is commonly seen in rehabilitation settings,205 but denial is not a unitary phenomenon (see Caplan and Shechter63 for a discussion of various typologies). The word “denial” can describe a neurologically based symptom or a psychological coping process. In extreme cases, persons might deny the existence of the condition or, while acknowledging the condition, might deny or minimize the implications that it will have for their lives.


Psychological denial as a coping mechanism is commonly seen after a sudden and identity-threatening loss. Denial entered public awareness when Kübler-Ross210 described her work with terminal cancer patients. Over time, the stage theory of adjustment that she proposed, of which denial was one phase, has not been substantiated.113,133 The concept that denial, anger, and other emotional reactions are normal parts of the adjustment process, however, created a climate in which these reactions could more easily be discussed.


Deficit denial, also known as anosognosia, is a pernicious, neurologically based kind of denial that presents significant barriers to rehabilitation.295 Affected individuals might not want to engage in therapies or use compensatory strategies to alleviate deficits that they do not believe they have. Challenges are also faced by family members who try to set limits to protect patients from harm and, in doing so, can be perceived by patients as controlling or overly anxious. In some instances, this symptom can be chronic and sabotage rehabilitation. A détente might be sought, however, in which the patient agrees to humor family and professionals by “going along with” the story that he or she has a deficit. Additional interventions are discussed below.












Measurement of Psychological Status


In inpatient settings, assessment of emotional state is typically accomplished through a clinical interview and perhaps brief inventories. Fatigue, pain, cognitive problems, and medications can all affect patients’ ability to participate in testing and the validity of the results.185 Current symptoms and behaviors are evaluated in a clinical interview, with consideration of the patient’s psychological and behavioral health history, psychosocial functioning, recent medical event, and medications. Short questionnaires can also be used. Questionnaires with a “yes-no” format are preferable for persons who have cognitive impairment. Interpretation of the findings relies significantly on clinical judgment, because the overlap between psychological and medical symptoms, as well as lifestyle changes inadvertently imposed by the medical event, can be mistakenly interpreted as signs of psychological distress. Serial assessments can help factor out acute influences that might affect diagnostic impressions. Some commonly administered measures of emotional status are listed in Box 4-3.





BOX 4-3 Measures of Emotional Status






• Beck Depression Inventory–II (BDI-II).19 This is a 21-item questionnaire, in which the person rates severity of symptoms on a 4-point scale.



• Geriatric Depression Scale (GDS).182,407 Developed for use with older adults, responses are given in a yes-no format. Both short (15 items) and long (30 items) versions appear reliable and valid.335




• Beck Anxiety Inventory (BAI).18 Twenty-one items assess symptoms of anxiety, each on a 4-point scale.



• Symptom Checklist-90-Revised (SCL-90-R).96 Ninety items are rated on a 5-point scale reflecting how much the individual has been troubled by the symptom; results provide information on nine clinical scales and three summary indices.



• Brief Symptom Inventory (BSI).97 The BSI is an abbreviated (53 items) version of the SCL-90-R.96






In outpatient settings, patients might be more capable of completing lengthier measures assessing personality factors that affect response to treatment. Obtaining such measures is particularly important in cases involving litigation because the data can help clarify the effect of psychological factors on the patient’s symptom presentation. Several measures have been specifically developed for use in populations having medical disorders. These include the Millon Clinical Multiaxial Inventory–III (Millon),259 which measures emotional as well as personality disorders, and the Millon Behavioral Medicine Diagnostic (MBMD).258 The MBMD provides information about health habits, coping styles, psychiatric conditions, stress moderators, and factors that can affect patients’ response to medical interventions. For assessment of general personality and psychopathology, the MMPI-253 and the Personality Assessment Inventory264 are widely used. Because these two inventories have not been validated on rehabilitation populations, the applicability of standard norms is unclear. As noted earlier, profiles from certain rehabilitation populations might inaccurately suggest psychopathology.


Assessment of chemical use history is important in rehabilitation settings, given the high incidence of substance abuse in persons who have sustained traumatic injuries and the destructive impact continued misuse can have on persons with disabilities.36 Brief screening questionnaires such as the CAGE (four items),118 the Alcohol Use Disorders Identification Test (AUDIT-C; three items), and variations of the Michigan Alcohol Screening Test (MAST) (e.g., Short MAST334) are valid for identifying alcohol use problems in medical settings.40,273 These tests are in the public domain and can be easily incorporated into health screening (Box 4-4). Some efforts have been made to validate these measures with special groups, such as geriatric populations.273 Rapid screening tests for abuse of other substances have not yet been validated with medical populations, although research points to the potential utility of a modified MAST (MAST/Alcohol-Drug393). Consequently the identification of drug abuse might require interviews with the patient and family, with an awareness that they might be reluctant to acknowledge abuse, given the potential legal implications.





BOX 4-4 Alcoholism Screening Questionnaires






Short Michigan Alcohol Screening Test (SMAST)334







1. Do you feel you are a normal drinker?



2. Do your spouse or parents worry or complain about your drinking?



3. Do you ever feel bad about your drinking?



4. Do friends or relatives think you are a normal drinker?



5. Are you always able to stop drinking when you want to?



6. Have you ever attended a meeting of Alcoholics Anonymous?



7. Has drinking ever created problems between you and your spouse?



8. Have you ever gotten into trouble at work because of drinking?



9. Have you ever neglected your obligations, your family, or your work for 2 or more days in a row because you were drinking?



10. Have you ever gone to anyone for help about your drinking?



11. Have you ever been in the hospital because of drinking?



12. Have you ever been arrested even for a few hours because of drinking?



13. Have you ever been arrested for drunk driving or driving after drinking?


A “No” answer to questions 1, 4, and 5, and each “Yes” response to the other questions earn 1 point. Two points indicate a possible problem. Three points indicate a probable problem.









CAGE118







1. Have you ever felt that you should Cut down on your drinking?



2. Have people Annoyed you by criticizing your drinking?



3. Have you ever felt bad or Guilty about your drinking?



4. Have you ever had a drink first thing in the morning to steady your nerves or to get rid of a hangover (Eye opener)?


Items are scored 0 or 1. Scores of 2 or greater are considered clinically significant. It is recommended that items be phrased informally and embedded in a medical history, and not be specifically labeled as assessing use of alcohol.









Alcohol Use Disorders Identification Test (AUDIT-C)416



How often did you have a drink containing alcohol in the last year?


0 = Never


1 = Monthly or less


2 = Two to four times a month


3 = Two to three times a week


4 = Four or more times a week


How many drinks did you have on a typical day when you were drinking in the past year?


0 = None, I do not drink


0 = 1 or 2


1 = 3 or 4


2 = 5 or 6


3 = 7 to 9


4 = 10 or more


How often did you have six or more drinks on one occasion in the last year?


0 = None, I do not drink


1 = Less than monthly


2 = Monthly


3 = Weekly


4 = Daily or almost daily


The AUDIT-C is scored on a scale of 0 to 12 (scores of 0 reflect no alcohol use). In men, a score of 4 or more is considered positive; in women, a score of 3 or more is considered positive. Generally, the higher the AUDIT-C score, the more likely it is that the patient’s drinking is affecting his or her health and safety.















Emotional/Psychological Variables and Rehabilitation Outcomes


A growing body of evidence supports the need to address psychological issues as part of the entire rehabilitation plan. Depression has been linked to higher mortality,187 slowed rehabilitation progress, less favorable functional outcome, and poorer psychosocial recovery.317,377 Anxiety can result in avoidance behaviors—that is, “being unavailable” for therapy. Persons experiencing life-threatening events are also at risk for the development of posttraumatic stress disorder (PTSD). This disorder has been observed in 3% to 27% of persons after TBI173 and 7% to 17% of those with SCI.270,298 Preinjury alcohol abuse predicts poorer outcome in individuals sustaining traumatic injuries. It is associated with the development of emotional problems, difficulty integrating into vocational and social activities, a higher risk for reinjury,82,189 and the development of pressure ulcers.115 These findings show the importance of psychological assessment and subsequent psychological interventions in improving patients’ outcomes.















Intervention


Rehabilitation psychology interventions are framed within a biopsychosocial-environmental perspective and (with the exception of cognitive rehabilitation) use a coping model. This framework acknowledges that individuals’ experiences are shaped by their bodies, minds, relationships, and environments. It is a health-based model that harnesses and augments patients’ existing capacities to deal with the challenges they face. Informed by assessment findings and input from the rehabilitation team, psychologists foster a combination of realism, hope, and motivation; help the patient and family digest and accommodate to their changed circumstances; and facilitate reconnections to social and vocational roles. The goal is an adjustment process that leads patients and families to find meaning and satisfaction in their “new normal” lives.322






Foci of Psychological Interventions


Psychologists face particular challenges in rehabilitation settings, working with patients who might hold biases against psychology. Patients might be unaware of their problems or see them as merely temporary. They are typically unaware that their impairments and disabilities initiate a cascade of events that can significantly affect their relationships and social roles. A complex interplay of medical, psychological, social, legal, and environmental factors affects a person’s functioning and well-being, and a perspective that addresses only the psychosocial issues is inadequate.275,276 Interventions must be planned with the goal of enhancing functioning. Consequently it is important to consider how the person’s physical and psychosocial environment might facilitate or impede functioning, and to address as many of these factors as possible.


In inpatient rehabilitation settings the psychologist’s role is typically defined by the interaction of the patient, treatment, and institutional and public policy factors. Patient factors include psychological strengths and vulnerabilities, acceptance of psychological intervention, psychological treatment history, and capacity to participate in treatment. Treatment factors include the time required for a clinical intervention and the recovery course for a given psychological condition. Psychological treatment goals are also affected by institutional factors such as resource allocation (e.g., full-time equivalents allocated to psychological services), and the multiple demands on the patient’s time (including psychological activities) in a therapeutic day. These institutional policies are themselves not independently made; resource allocation is driven by societal and economic factors such as insurance reimbursement for specific services and for the overall length of stay. Client variables, treatment variables, setting variables, and societal variables significantly affect the clinical problems targeted for intervention, as well as the intervention strategy chosen.


Psychological interventions typically occupy a relatively small percentage of the clinical stay; they are usually problem-focused, aimed at accomplishing the overall inpatient rehabilitation goals of facilitating involvement in rehabilitation therapies and promoting functional improvement. While there is variation in the staging and types of emotional reactions experienced after an injury or life-altering medical event, some of the common issues patients can face in inpatient settings are detailed below.









Inpatient Rehabilitation


Soon after a loss, patients and families are faced with a mixture of emotions. Seemingly contradictory feelings can coexist, and patients (and family members) can cycle rapidly from one to another. Many experience two sets of emotions: a reaction to the disabling event and a reaction to their perceived future. Sadness, anxiety, and relief at having survived coexist with determination and the hope (and expectation) that recovery to their preinjury state is possible. The pertinent psychological issues at this phase are maintenance of hope (without being deceptive); identifying, engaging, and supporting use of effective coping strategies; grappling with and planning for changed life circumstances; managing behavioral problems; and preventing and treating depression and anxiety. It is important to recognize that in the early phase, patients’ denial of long-term implications of their condition might help maintain hope and motivation for arduous therapies,205 and might be an efficient way to manage prognostic uncertainty. There is usually little to be gained by stark confrontation of “verbal denial” at this point, especially if the patient is not exhibiting “behavioral denial” by refusing treatment.


Contemporary inpatient rehabilitation emphasizes improving patients’ functional capacities to the point at which their physical needs can reasonably be met by family or other caregivers in a home setting. Current lengths of stay seem astonishingly short compared with those of even two decades ago. This brevity requires all team members to be focused in their goals, efficient in their activities, timely in communications, and adept at building confidence as well as skills in patients and families. In working with the inpatient rehabilitation team, the rehabilitation psychologist faces several tasks concerning emotional and behavioral domains (Box 4-5).





BOX 4-5 Rehabilitation Psychologist’s Tasks in Regard to Emotional and Behavioral Domains






• Facilitate patients’ awareness of and acceptance of changes in their capacities.



• Work with the patient, family, and rehabilitation team to support components of hope.348




• Identify and address emotional, behavioral, and cognitive factors that impede progress in the medical rehabilitation plan.



• Assess the patient’s psychosocial environment (including family, work setting, friendship network) and identify what must be accomplished to reintegrate the patient back into those settings, when possible.









Facilitating Awareness and Acceptance of Change


Clarifying the patient’s understanding of the physical and cognitive changes that have occurred and their implications for daily functioning can open a window into the patient’s internal world. Understanding the patient’s beliefs, expectations, and experiences (the “insider perspective”91) helps the psychologist and team make sense of the patient’s reactions and aids in selecting interventions that will “ring true” for the patient. Learning the patient’s emotional history, including characteristic coping styles and strengths, can yield insight into the patient’s likely emotional course in rehabilitation. It should be noted that the extent of distress experienced after an illness or injury is frequently better explained by coping capabilities than by the injury itself.85 If there is a history of alcohol and drug misuse, targeted education and intervention might be needed, because substance abuse impedes rehabilitation recovery and restricts long-term outcome.36


The psychological status of patients in inpatient settings evolves, often (but not always) in concert with their physical and medical conditions. Like the rest of the team, the psychologist must work swiftly, serially assessing the patient’s psychological condition, digesting this information, advising the team regarding the most effective ways to communicate with the patient, and working with the patient and family members to conceptualize the disability as a challenge to be handled rather than being an unmanageable, devastating event. In the inpatient phase, patients often begin building connections between their epistemologic systems and the occurrence of the event. The frequent question “Why me?” is the beginning of the process of finding meaning in the event.88 Although expressions of anger toward “God” have been associated with poorer emotional adjustment283 and functional outcomes,125 some patients express acceptance based on a perception that their condition is an expression of “God’s will.” Those in whom this notion leads to passivity can be reminded, however, that “the Lord helps those who help themselves.”


As previously discussed, depression and anxiety, as well as denial, are common and can interfere with successful rehabilitation outcomes, including progress toward acceptance of change. In inpatient settings, rehabilitation psychologists assist patients with mood and anxiety symptoms through a combination of brief psychotherapeutic interventions, referral for medication, and behavioral or environmental manipulations. Psychologists also work to understand how life experiences (e.g., patients’ familiarity with others who have had this condition) as well as cognitive processing limitations resulting from brain injury hinder patients’ development of awareness and their ability to move toward acceptance of change. Persons with unilateral neglect typically do not perceive that the information their brain is receiving is incomplete, patients with neurologically based anosognosia commonly fail to see the changes in their functioning, and individuals with severe memory impairments might not recall that they do not recall. These impairments are a fertile breeding ground for paranoid-type interpretations, as affected persons can construct elaborate and sometimes psychotic-sounding rationales for their experiences. In inpatient rehabilitation, with the medical event so fresh and these numerous additional influences, psychologists are faced with powerful emotional currents to navigate to promote participation and progress in rehabilitation.









Addressing Social and Environmental Factors


The patient’s “family” is an important target of intervention for inpatient rehabilitation. Like the patient, the family is also struggling to make sense of dramatically changed circumstances affecting family structure and processes.280 Family roles can shift, as others take over functions formerly fulfilled by the patient. Usually it is not known for some time whether these role shifts are temporary or permanent. Family pathology can surface when problems with communication, emotional support, and practical problem solving interfere with the family’s adaptation. Intervention is essential because the quality of family interactions with the patient makes a measurable difference in patient outcome. Stroke patients with families that are emotionally supportive and provide necessary practical help make better emotional and physical recoveries, regardless of the stroke severity285; this finding may apply to persons with other causes of disability as well.280


“Nontraditional” couples and families might face special challenges in medical rehabilitation. Research is largely lacking on specific challenges of persons with disabilities who are gay, lesbian, bisexual, or transgendered (GLBT),81 and in regard to their sexual experiences and sexual expression.132 Rehabilitation professionals know little about the specific psychosocial challenges of persons who are GLBT (e.g., homophobia, use of specific recreational drugs, spiritual issues, and sexuality),172 and these issues are unlikely to be adequately addressed in medical rehabilitation programs. In the past, state laws added additional barriers, and therapists often found themselves choosing between adherence to state laws regarding sexual practices (e.g., prohibiting sodomy) and serving the needs of GLBT patients with disabilities.13 Patients who are in gay or lesbian relationships who have not “come out” can find it difficult to get support from their partners without compromising the privacy that they have protected. Partners also face new challenges, including those related to proxy decision making.












Crisis Intervention


Crises appear to be part of the everyday business of rehabilitation medicine. They can serve as an opportunity to make a dramatic positive change, but can also cause people to retreat and cling to familiar modes of operation. Crises for patients become crises for the rehabilitation team. The rehabilitation psychologist plays an important role in assisting both the patient and the team, clarifying issues, and building consensus toward a strategy. The careful framing and management of emotions and perceptions can make a significant positive impact on the function that crises play in persons’ lives.






“Normal” Crises


Many people enter rehabilitation fresh from a crisis. A child has sustained a brain injury. A husband has lost his arm in an industrial accident. A mother has had a stroke during childbirth. An elderly, robust life partner has lost his speech as a result of a stroke. The psychologist enters this domain of grief, anxiety, and denial with the goal of collaborating with the patient and family to craft a way of viewing this experience that will allow for hope. Without presenting statistics about the various prognostic options and insisting on data-driven reality, the psychologist creates a safety net for the pain and allows glimpses into possibilities.


A psychoeducational model involves describing possibilities for patients and families without directly challenging their experience and beliefs. This approach has the potential to invite change while raising little resistance. Kreutzer and Taylor207 have developed a manualized program for patients and families after TBI. In this program a brain injury is presented as a problem that can be managed like any other. Patients and families help define the changes that have occurred from the brain injury, and then are encouraged and helped to find ways to address them. This model provides definition and boundaries to the impact of the injury, encourages people to recognize continuities in their lives, and suggests that satisfying experiences can still occur. For persons with stroke and their families, a one-session psychoeducational intervention discussing coping, burnout, social and recreational activities, and other practical ways to manage stress has been developed, and the initial research has shown it to be effective.281









Behavioral and Extraordinary Crises


Behavioral crises can be triggered by misperceptions arising from data skewed by cognitive impairment, denial, or other psychological processes. Psychological factors can also result in behavioral acting out when patients experience themselves as powerless, anxious, or threatened. These crises can include behaviors such as refusal to attend therapies, overuse of the call button, lewd comments, elopement, or physical aggression. Behavioral crises can also be more subtle, such as patients setting team members against each other by appealing to the staff’s natural instincts to be appreciated. A typical method is high praise of one team member coupled with criticism of another, which can interfere with the team’s sense of unity.


Extreme crises also occur in rehabilitation practice. Patients and families can face decisions about terminating ventilators, dialysis, or other extraordinary care, resulting in the patient’s death.56 These situations typically spawn intense emotion in rehabilitation team members, who are torn by their own ethics, morals, and quality-of-life assessments. Team members often covertly vote on whether the patient and family are making the right decision, which can produce disruption in the team and send mixed messages to patients and families. In these situations, psychologists can identify and illuminate the factors pertinent to the decision and support the patient and family in their decision-making process, while simultaneously unifying the team and helping the team deal with its grief.









Preparing for Discharge


At the time of discharge, patients with TBI might still exhibit impaired self-awareness,294,296 and they might still be denying the duration of the change, its significance, or both. Intervention is needed if diminished awareness of one’s limitations jeopardizes safety or implementation of rehabilitation recommendations.


When considering the need for intervention, it is important to distinguish between verbal and behavioral denial. If patients act as if they have experienced a disabling event (e.g., participate in therapies, follow recommendations for assistance), it matters little how they describe their conditions. When denial carries over into their actions, however, refusing therapies (saying that nothing is wrong with them or that the problem will go away), this “behavioral denial” becomes problematic. In such cases, providing objective, structured feedback or having patients participate in ecologically valid tasks that elicit their deficits might increase self-awareness.70


Rehabilitation psychologists work with patients and family members as they cope with the ambivalence that can be triggered by discharge from the inpatient setting. Eager though they might be able to go home, the fact they are preparing for discharge with a disability communicates that their functional changes will not quickly resolve. It is often productive to encourage a focus on the near future, with the message that plans and decisions must be made on the basis of current functioning. Further recovery can be hoped for but not counted on. In this way the psychologist teaches the important distinction between “hope” and “expectation.”63 Apprehension regarding discharge is also eased by a reminder that improvement does not necessarily terminate when one leaves the hospital. Patients can be reassured that there comes a point when outpatient therapy or a home program can be as productive as inpatient treatment, and the psychological benefits of being in one’s familiar surroundings cannot be minimized.












Outpatient Rehabilitation


In outpatient practice the membership of the rehabilitation team changes, as do the communication patterns. Rather than being across the hall, a team member could be across town or even across state. The sense of a shared purpose, defined roles, and the good communication that create the team identity can be more difficult to maintain, but they remain critical components of effective rehabilitation care.


In leaving the inpatient setting, patients must be prepared for reentry into both their physical and psychosocial environments. The home that was previously so comfortable might now present multiple obstacles. Navigating “familiar” places (grocery stores, churches, etc.) is a new and often unpleasant experience, evoking frustration, anger, or avoidance. The psychosocial environmental reentry is no less challenging. People often ignore those with disabilities in an attempt to deal with their own anxiety.170 Others might react primarily to the disability,410 overgeneralizing its significance. Waiters might ask accompanying family members what “he” (i.e., the person in the wheelchair) would like to order. Children will learn to capitalize on their mother’s memory impairment or might hesitate to bring friends home, fearing unpredictable behavior from their brain-injured father.


Managing a disability and maintaining one’s place in society requires assertiveness, because passivity can lead to exclusion and isolation. Learning that it is all right—indeed necessary—to advocate for oneself from simple tasks (e.g., requesting assistance to reach groceries, explaining the need for accommodations when booking a hotel room) to the more complex (e.g., arranging for workplace accommodations, communicating one’s preferences in a sexual relationship).108 Personality styles tend to be consistent across the adult life span,78 and premorbidly shy persons with a disability might find it difficult to adjust their style of relating in society. However, assertiveness is a skill that can be learned.110


Psychosocial issues become increasingly prominent in the outpatient setting. As medical conditions stabilize, the physical and cognitive recovery curve flattens, and physical interventions diminish. The person takes on an increasingly challenging task of learning how to reenter, with changed abilities, the life they had built. In this context the rehabilitation psychologist deals with a mix of emotional, social, and existential issues. Over time, as denial diminishes, the patient’s increased awareness of change and loss can trigger bereavement, depression, anxiety, overcompensation, or other emotional or behavioral reactions. Cognitive changes might further complicate the process. Persons with disabilities must deal with resuming or retiring from family and occupational responsibilities. In most cases, income has shrunk, expenses have risen, and the amount of work to be done in a day (including processing paperwork related to insurance claims, Social Security Disability applications, attending therapies and doctors’ appointments) increases. It is a stressful time in which resources are strained, the patient and family are fatigued, and uncertainty is high. Patients and families often vacillate between hoping that their lives will return to normal and fearing that they will need to adapt to a “new normal.”






Addressing Family and Caregiver Issues


Family structure and family roles (e.g., communication, emotional support, problem solving) are disrupted by disabling events.280 Caregivers can be at particular risk for distress, especially those caring for persons having problems with memory and comprehension that often follow brain injury or stroke.58 There is evidence, however, that caregiver resentment is diminished when problem behaviors are attributed to the illness rather than the person,395 as when the cause is seen as the “brain injury,” not the “difficult husband.” Factors such as family role, access to social support, and caregiver social problem-solving skills all modulate the emotional impact of caregiving.155


Patients’ recoveries are affected, in turn, by their families’ behaviors. For example, one study of stroke patients showed better functional and emotional recovery among patients whose families were emotionally supportive and provided appropriate levels of practical assistance.280









Scope of Care


Rehabilitation psychologists in outpatient practice are often called on to identify and treat a range of psychological issues. Cases that might initially be conceptualized as “adjustment disorders” (anxiety or depression after a loss) might over time become highly complex because of prior experiences and/or preexisting factors such as child sexual abuse,228 borderline personality disorder,153 antisocial or obsessive-compulsive personality disorders,171 and substance abuse. As noted above, PTSD related to the injury is not uncommon after TBI173 or SCI.270,298 A brain injury might also precipitate reemergence of previously resolved PTSD symptoms.302


Just as many former rehabilitation patients require lifetime medical monitoring, their chronic cognitive, psychosocial, vocational, and behavioral problems can merit psychological consultation, intervention, or both, at any point after discharge. For example, persons with TBI can have chronic cognitive problems,104 especially with processing speed, memory, and executive functioning. These cognitive deficits, coupled with difficulties adjusting to postinjury life, can cause lowered self-confidence, relationship failures, and problems managing negative affect.171 These individuals might benefit from rehabilitation psychology consultation as they grapple with changed psychosocial circumstances. Persons with other disabling conditions might also benefit from seeking consultation with psychologists as they encounter new life challenges.385












Intervention Modalities


Therapeutic intervention is a complex interchange between therapist and patient, in which the therapist simultaneously monitors and manages rapport, communication style, comprehension of material, and emotional tone. A particular clinical problem can manifest itself in the patient’s behaviors, thoughts, emotions, relationships, and social roles. A wide range of issues might need to be targeted by clinical treatment plans as a result.321 Although psychologists use theoretic approaches to structure their observations and guide their decision making, the selection of a specific intervention is based on the nature of the problems, the characteristics of the patient, and the training of the psychologist, as well as to some degree the psychologist’s personality. The immense variety of medical conditions, neurobehavioral disorders, social and familial circumstances, and other factors encountered in rehabilitation populations mandates a highly individualized and eclectic approach.






General Principles of Psychotherapy


Psychotherapy is a method for assisting clients to understand their emotional and behavioral reactions, and create the potential to act from a position of choice, rather than from reflexive responding. The various types of interventions are useful for structuring the psychotherapist’s thinking, observations, and choice of how to respond. The intervention helps the psychotherapist organize a complex set of data in patterns, so that the therapist will know how to understand the material that the client is bringing, and how to formulate a response to move towards the treatment goals. The form of therapy is selected according to the clinical question and, whenever possible, the preferences of the patient. Psychologists also remain mindful that a key “active ingredient” in psychotherapy is the therapeutic alliance235; therapists who are perceived as likable, compassionate, and empathic tend to achieve good outcomes.


Like all areas of health care, psychology is moving toward data-driven treatments. Rehabilitation psychology faces several challenges in doing so: (1) measuring the relationship, (2) measuring the intervention, and (3) translating research to clinical practice. Measuring the relationship is critical, given that a consistently potent factor in psychotherapy is the alliance that exists between the patient and the therapist.235 As this is an interactional variable (i.e., it involves both the therapist and the patient), it is impossible to predict in advance whether a particular therapist will have a good working relationship with a particular patient. We also do not have tools to measure whether a “good-enough” working relationship exists between patient A and therapist B, nor do we know whether incremental benefit accrues from an “excellent” relationship as compared with a “good” relationship. With regards to measuring the intervention, some interventions (e.g., behavioral and cognitive-behavioral treatments) suit themselves to manualized treatments, while others (e.g., existential) are much more fluid and harder to operationalize. Rehabilitation interventions might also need to be modified to suit the capacities and characteristics of the patients, and can depart from the form used in establishing efficacy. The final challenge is in translating research to clinical practice. Persons who have disabilities face a wider range of psychosocial issues, identity issues, and psychosocial challenges than the average person participating in a psychotherapy efficacy study, raising questions about the applicability of findings from these clinical trials to rehabilitation populations.357,366









Interventions Targeting Behaviors and Thoughts


Most psychological problems present with observable symptoms. A patient might isolate herself, a patient might refuse to attend therapy, or a patient might use the call bell incessantly and complain about inattentive staff. A patient might observe that “nothing” is getting better, or indicate that “no one” wants to date someone who uses a wheelchair. Some psychological interventions focus directly on changing these behaviors, with lesser consideration to the history of the problem or the patient’s opinion about why the problem exists. Interventions predominantly targeting the behavioral symptoms and thoughts include psychoeducation, skills training, motivational interviewing, behavior modification, and cognitive behavioral therapy.






Psychoeducation


Psychoeducation is the provision of information to assist patients in understanding and managing their condition. It promotes coping by enhancing the patient’s knowledge and facilitating informed choices. By facilitating behavioral activation and self-efficacy, psychoeducation might also provide some inoculation against depression. Psychoeducation is often offered to individuals and their families in both inpatient and outpatient settings. This intervention can often also be delivered in a group format. Psychoeducation groups are not only efficient, but they also facilitate peer support. This support can potentially penetrate the sense of isolation that often accompanies a disabling event. It can also foster “social comparison,” which can enhance coping. Participants in groups can find the comments of others to be powerful because they have shared experiences, and might perceive other patients’ observations as more credible than those made by staff.10









Skills Training


Persons with disabilities face challenges in social relationships simply by the fact of having a disability,105 and poor social problem-solving skills can even put them at higher risk for complications such as pressure ulcers (if, for example, an unassertive individual hesitates to ask for assistance with weight shifts).112 Skills training involves demonstrating and practicing behaviors required for specific circumstances, and includes assertiveness training, role-playing, and relaxation training.148 While skills training often occurs in the context of individual therapy, group therapy can be an efficient way to teach and practice basic emotional management skills, such as relaxation procedures and cognitive methods to reduce distress. Members can learn from each other and benefit from healthy competition. Group therapy, however, is typically not suited to dealing with idiosyncratic or highly private issues.









Motivational Interviewing


Motivational interviewing256 is a therapeutic technique designed to facilitate a person’s movement through ambivalence to therapeutic change. In motivational interviewing the psychologist guides the patient in identifying advantages and disadvantages of behavior change and uses this information to guide and motivate a series of changes. The technique creates a collaboration between therapist and patient, such that the latter identifies his or her own reasons for seeking change. Change is then a reflection of the patient’s desires, rather than a goal imposed by the therapist. Although this technique is primarily used in the treatment of addictions, it has also been applied more widely in rehabilitation settings and medical settings, such as in managing diabetes142 and chronic pain.143









Behavior Modification


Behavior modification is the systematic application of the learning principles of classical and operant conditioning122 to alter the frequency and intensity of behavior. Behavior modification has wide application in rehabilitation, including reducing symptoms of PTSD,30 reducing the impact of chronic pain,370 promoting participation in therapies, and enhancing adherence to rehabilitation recommendations.130









Cognitive-Behavior Therapy


In cognitive-behavior therapy (CBT), patients are taught to identify the impact of thoughts on emotions, and to modify thoughts to achieve relief from emotional distress.86 Introduced by Ellis116 and developed by Beck17 and others, CBT is based on well-replicated research showing that the emotions of individuals are driven more by how they perceive the event than by the event itself. It is also based on the recognition that persons who are depressed, anxious, angry, or hopeless often distort their thinking in ways that create or intensify the emotional upset. With this intervention, patients learn to identify exaggerated or frankly erroneous notions and to replace them with thoughts that are both more realistic and less upsetting. CBT is commonly used in the treatment of depressive disorders and chronic pain syndromes372; it is also being applied to enhance the adjustment of persons having disability within a framework that recognizes disability as a cultural identity.262









Interpersonal Psychotherapy


Built on the work of Sullivan,354 interpersonal psychotherapy391 views psychological problems not as private events but as manifestations of disturbances in social relationships. Consequently the resolution of the problem involves improving relationships and creating more resilient support systems. Given the effects that congenital and acquired disabilities can have on an individual’s family and social network, this therapy framework has many potential applications for rehabilitation populations.












Interventions Targeting Meaning


Certain psychological interventions focus on identifying key motivational factors behind actions. In clarifying these motivations, the patient experiences more freedom and choice, and also develops a richer and more coherent personal story.






Psychodynamic


Psychodynamic therapy focuses on the impact that life events have on the way we experience current events, protect ourselves from anxiety, and interact with others. Psychodynamic therapy uncovers factors that help explain why persons might engage in self-defeating behaviors. This therapy is more likely to be used in outpatient settings. Psychodynamic work can help persons make sense of their experience, thus promoting opportunities for informed choices and better self-esteem.









Existential


Existential therapy emphasizes freedom, the option to choose, the courage to be, and the importance of meaning in life.137 Existential therapy creates possibilities for finding meaning in the midst of suffering. Victor Frankl’s work135 on people’s response to life in concentration camps is a poignant example of this approach. Existential therapy is germane to rehabilitation populations because it offers opportunities for freedom and well-being even in the midst of suffering.












Therapies Targeting the Context


Sometimes called the “third wave” of cognitive and behavioral therapies, the following therapies focus on the experiences of individuals, their awareness of the present, and the context in which they experience their symptoms. These therapies do not exclude use of previous processes, but add the element of acceptance. These therapies can be particularly useful in situations in which persons are dealing with chronic conditions.






Dialectical Behavior Therapy


Dialectical behavior therapy220 focuses on developing interpersonal and emotion regulation skills, while also enhancing distress tolerance and acceptance. Originally developed to aid persons who were suicidal, it has been applied successfully to persons with borderline personality disorders. The concepts, blending active problem-solving techniques with meditative acceptance, are applicable to many painful, chronic disorders.









Mindfulness-Based Cognitive Therapy


Mindfulness is a way of approaching one’s experience that is based on Buddhist meditation. In mindfulness work, individuals suspend evaluation while becoming more acutely aware of their experience in the moment.190 This mindfulness philosophy has been blended with knowledge of cognitive techniques to create a therapy for the treatment of depression.333 With its intense present focus and suspension of judgment, this therapy can be helpful in opening new ways of seeing one’s experience and might be well suited to the challenges of rehabilitation. This technique would be challenging to implement, however, with persons having certain cognitive impairments.









Acceptance and Commitment Therapy


Acceptance and commitment therapy is an offshoot from the “mindfulness” approach to psychotherapy.165 This therapy teaches a person to accept what cannot be changed, find meaning in it, and then commit oneself to a course of action. Homework exercises support the patient in building and sustaining new skills.















Evidence-Based Psychotherapy Practice


The effectiveness of psychological interventions with several rehabilitation populations has already been evaluated by the Cochrane Library. Conclusions tend to be suggestive rather than certain because the numbers of psychological intervention studies meeting inclusion criteria are small. Also, as noted previously, randomized clinical trials of psychosocial interventions have notable limitations. A body of evidence, however, is accumulating to support the effectiveness of psychological treatments in rehabilitation. Psychological interventions have been shown to be helpful in improving mood and preventing depression after stroke,160 in reducing the emotional distress of patients having incurable cancer,2 in reducing depression and promoting coping among persons having multiple sclerosis,363 in decreasing hypochondriacal symptoms,362 and in reducing anxiety and reducing the likelihood of developing PTSD among individuals with mild-moderate traumatic brain injuries.345









Cognitive Rehabilitation


Rehabilitation psychologists and neuropsychologists have played a major role in the evolution of cognitive rehabilitation (CR), the implementation of strategies to enhance cognitive function in persons with neurologically based deficits, and/or to minimize the impact of these deficits on daily life functioning. In addition to rehabilitation psychologists and neuropsychologists, speech pathologists, occupational therapists, CR specialists, and cognitive neuroscientists are all major providers of CR services. Although the present discussion emphasizes what are traditionally considered realms of “cognitive” functioning, effective intervention for cognitive deficits can also require addressing problems in the spheres of awareness and emotional status, a strategy that is a hallmark of holistic neuropsychological rehabilitation programs.






History of Cognitive Rehabilitation


One could reasonably trace the origin of CR to the 1800s and Broca’s endeavors to improve language functioning of persons with aphasia. After an extended quiescent period, eminent figures such as Goldstein,149 Luria,223 Zangwill,413,414 and Wepman392 developed rehabilitation programs for injured soldiers, deriving tactics from their research findings and models of brain functioning. These programs included a focus on vocational restoration, the sort of “ecologic emphasis” valued by contemporary practitioners. All viewed detailed neuropsychological assessment as a necessary first step in clarifying the nature and extent of impairments to be addressed.31


These midcentury efforts inspired little further development until the 1970s, when Ben-Yishay and colleagues27 at the Rusk Institute of Rehabilitation Medicine, rowing against the prevailing tide of “therapeutic nihilism” (i.e., the view that higher cortical deficits were largely untreatable), devised interventions aimed at specific deficits such as unilateral neglect and constructional impairment. Their methods tended to be what Mateer and Raskin239 described as “direct interventions,” and Kennedy and Turkstra196 called the “train and hope” variety. They were based on the premise that repetitive drill on a discrete function (e.g., visual scanning in cases of neglect) would ameliorate the degree of deficit and also result in improvements in daily life functions dependent on that skill. Meier et al.247 described work based on this perspective, revealing that some success was achieved with this narrowly focused training. For example, patients with unilateral neglect who underwent visual scanning training showed improvements in reading, and those who received training in constructing block designs exhibited improvement in eating behavior (although the connection between the trained skill and the improved function was admittedly tenuous).


Also during the 1970s, Ben-Yishay developed many techniques for treatment of TBI-related deficits in his holistic day treatment program created for Israeli soldiers wounded during the 1973 Yom Kippur War. Developments in CR continued during the 1980s, and the use of computers assumed considerable importance. Clinicians incorporated games such as Pong in attempts to improve sustained attention, capitalizing on the precise control conferred over delivery of training activities and the computers’ capacity to keep track of patient performance.223


As more practitioners entered the CR field, the value of theory-based interventions came to be widely accepted. This development was supported by the emergence of “cognitive neuropsychology,” which featured exquisitely detailed case studies and frequent use of ad hoc testing methods to illuminate the nature of unusual deficits. Its practitioners typically based their work on current theories of neuropsychological functioning in domains such as attention, memory, and executive function. The work of Coltheart et al.76,77 provides a good overview of this perspective, and the case study of a deep dyslexic patient reported by dePartz94 offers a detailed illustration of the derivation of effective treatment strategies from a well-articulated theory of the deficit. Wilson’s volume397 consists of an accessible series of CR case reports, some of which are theoretically based.


A well-known conceptualization of approaches used in CR was offered by Cicerone et al.,72 wherein emphasis was placed on the functional orientation of several strategies, including strengthening or reestablishing previously learned patterns of behavior; establishing new patterns of cognitive activity through compensatory mechanisms (either via neurologic systems or external compensatory mechanisms); and promoting adaption to one’s cognitive disability to improve overall functioning and quality of life. By this definition, CR can target all three levels of functional compromise encompassed by the World Health Organization’s International Classification of Function.405


A detailed enumeration of the multiple potentially efficacious approaches used in CR was offered by Eskes and Barrett.117 They highlighted the following specific CR strategies: (1) retraining of the impaired function; (2) optimization of preserved functions; (3) compensation through substitution of intact skills; (4) utilization of environmental supports or devices to compensate for impaired functions; and (5) training via “vicariation approaches” (which try to recruit related intact brain regions to assume responsibility for functions previously carried out by damaged areas).









The Future of Cognitive Rehabilitation Interventions


Despite its relatively brief contemporary history, the field of CR has undergone several paradigm shifts. While early CR strategies tended to emphasize direct training or use of compensatory functions (as in right hemisphere “takeover” of language after left hemisphere damage200), the most exciting and encouraging recent developments have centered around technologically based methods. As computers have become smaller and more powerful, clinicians have identified new ways to put them to use. For example, DePompei et al.95 reported on 106 subjects (ages 6 to 66 years) with various “memory and organizational problems” who were taught to use personal digital assistants and “smartphones.”


Another promising development in CR involves applications of virtual reality (VR) technology. With VR, clinicians can create situations that closely resemble those in the real world (adjusting parameters as needed). This allows patients to practice new strategies in “virtual versions” of settings to which they will return, receive feedback about their performance, and grow acclimated to strategy use (while knowing that the world they are dealing with is only a “virtual” one). Matheis et al.240 described a VR presentation of a visual learning task to persons with TBI and controls. The authors argued that this approach allows a closer approximation of likely real-life performance than would conventional neuropsychological tests of memory. Schultheis and Rizzo332 offered a valuable overview of VR-based CR for several types of higher cortical deficits and for rehearsing a number of daily life tasks such as cooking and driving.


For persons with memory impairment, a logical and effective intervention is provision of cues to carry out particular actions. A seemingly natural strategy, then, would appear to be having patients write down information (e.g., shopping lists, appointments, birthdays) that they want to remember. Advocates of “memory books” often found that this treatment failed, however, because patients did not “remember to remember” to check their books. Consistent with this, in the study described above, DePompei et al95 found personal digital assistants and smartphones (which use cuing alarms) to be effective, but the use of a daily planner (which is commonly recommended as a memory aid) had a negative impact. The advent of personal pagers offers another partial solution to this problem: programmed reminders can be sent to patients’ pagers from a central location (such as the doctor’s office) to prompt them to check their book to see what their next destination should be. Wilson et al.399 reported the case of a severely memory-impaired young man who was able to live independently with the help of such a device, called a Neuropage. A review of recent applications of assistive technology to ameliorate the effects of cognitive deficits is available.202









Considerations Regarding Cognitive Rehabilitation Efficacy


In attempting to evaluate the efficacy of CR techniques, an issue has arisen concerning the definition of “recovery.” Caplan59 posed the question this way: “Does the performance of a behavioral act via neural pathways other than those that were premorbidly in control constitute recovery of function? Has a patient with unilateral neglect recovered on having learned to turn his head in compensatory fashion, or does ‘recovery’ require the return of premorbid ocular movements? Another way of asking this question is: Does ‘function’ equal the process or its consummation?” Rohling et al.315 recently called attention to the critical difference between “recovery of cognitive function and learning compensatory strategies for coping with chronic cognitive deficits.” They noted Wilson’s398 conclusion that rehabilitation of memory impairments per se tended to be ineffective, but that the evidence did support the efficacy of intervention for performance of daily tasks that require remembering. However, if one accepts the definition of CR by Cicerone et al.,72 (which is based on outcome rather than process), this question becomes moot, because all types of “recovery” are captured therein.


Another matter of current contention involves the evidentiary value of single case studies versus randomized controlled trials (RCTs). While Rohling et al.315 urge increased reliance on RCTs, noting their greater internal validity, a contrasting view was taken by Mateer,238 who argued the case for single-subject designs. She noted several factors that hamper the conduct of true RCTs in rehabilitation, with difficulty of random assignment and patient heterogeneity being the most substantial. Making a related point, Hart et al.164 have referred to the “dilemma of the control condition” in such studies. Highlighting the benefit of single-subject designs to the field of CR, Mateer comments favorably on the case report of Svoboda and Richards355 describing a 55-year-old woman with severe anterograde amnesia who, via a theory-driven program, learned to use a smartphone to assist with the performance of multiple daily life tasks. Interestingly, the patient exhibited generalization of learned skills across untrained situations demanding memory function, an outcome all too rarely reported.


What evidence do we have that CR is effective? A task force of the Brain Injury Special Interest Group of the American Congress of Rehabilitation Medicine has published two reviews of the literature, resulting in recommendations for clinical practice. The first publication71 reviewed 171 studies (most being class III—clinical series with no controls or single case studies) and found support for the efficacy of CR for persons who exhibit language deficits after left hemisphere stroke or perceptual deficits after right hemisphere stroke, and for those with TBI who have impaired attention, memory, functional communication, and executive function. In 2005 Cicerone et al.72 offered an updated review, largely confirming their initial findings and also demonstrating support for training in cases of apraxia. These authors urged further studies comparing different treatments for particular deficits, and also looking at the impact of remediation on performance at the level of social functioning (not just “impairment”). The findings of Cicerone et al. were also supported by Eskes and Barrett’s 2009 review.117 Other matters requiring additional investigation and analysis are questions of timing, intensity of treatment, and optimal duration.16















Pediatric Rehabilitation Psychology


Pediatric rehabilitation psychologists work in multiple capacities to promote the optimal functioning of children having a wide range of disabilities resulting from developmental or acquired medical conditions. Understanding the unique aspects of the emotional, behavioral, social, familial, and cognitive aspects of childhood disability is crucial to achieving this goal. As with adults, conditions vary widely in the nature and extent of cognitive and behavioral sequelae, expected course (e.g., recovery, variability, stability, or decline), and treatments that are indicated. Three major areas, however, set pediatric rehabilitation psychology apart from adult rehabilitation psychology. First, developmental issues are carefully considered because skills rapidly emerge and mature, environmental demands increase, and support systems change significantly throughout childhood.120 Second, families of children with chronic, disabling health conditions frequently experience increased parental stress and family burden. Factors such as family resources, family functioning, and family adaptation strongly influence child functioning.193,381 Third, pediatric rehabilitation psychologists must be well acquainted with the regulations and resources available within the educational system, because the bulk of services and supports for children with disabilities is provided through that system.177


Several specific developmental concerns are considered by the pediatric rehabilitation psychologist. First, the timing of onset of a medical condition (perinatal, early childhood, late childhood) is crucial, because sequelae vary depending on when in development the condition arises. For example, cranial radiotherapy for treatment of brain tumor results in declines in the intelligence quotient (IQ) over time, with greater cognitive loss in children treated before the age of 8 years than in older children.111,279 Second, the child’s chronologic age (e.g., preschooler, school-aged, adolescent) at the time of assessment or treatment also is considered. Given that the norms for academic skills and self-regulation increase with age, deficits can become more noticeable as the environmental demands and expectations increase.226 Third, because many medical conditions substantially disrupt and derail normal psychosocial and cognitive development, the child’s actual developmental abilities, skills, and knowledge base are considered in assessment and treatment planning.


Ideally, children are assessed and treated within the context of their environment, which includes home life with family and time at school. The needs of the family system must be addressed, because family environment and parental coping style affect functional status and psychological adjustment in a variety of developmental disabilities and illnesses.193 Family stress and coping can also vary by condition, as diagnostic entities primarily compromising cognitive and behavioral functioning produce greater family distress and burden than those that primarily affect physical functioning.381 For example, elevated marital stress and worsening family functioning have been reported in caregivers of children with brain injury311,380 and spina bifida,175 while studies of families of children with cerebral palsy found few such disruptions.46,225


The educational environment is also a crucial factor in the rehabilitation needs of children with disabilities. In the United States all children have a federally protected right to public education, including special education services if needed. Despite this, children with a variety of chronic medical conditions (such as brain injuries) are underidentified and underserved in schools.147,328 Pediatric rehabilitation psychologists take an active role in advocating for and facilitating suitable school programming. They can assess cognitive and psychosocial status to help school systems identify children requiring services, and can delineate the type of services needed. The pediatric rehabilitation psychologist can also serve as a liaison among the family, health care providers, and educators, informing the school system about the child’s medical and rehabilitation needs and assisting the family in advocating for the child within the educational system.






Assessment


When assessing children with disabilities, the pediatric rehabilitation psychologist seeks to evaluate the child’s current psychosocial, intellectual, adaptive, and sometimes neuropsychological status in order to make recommendations that will optimize the child’s functioning. Assessment of children is typically based on norm-referenced standardized measures (e.g., individually administered tests of performance; caregiver, teacher, and child ratings on questionnaires), observations, school and medical record review, and clinical interviews.326 The pediatric rehabilitation psychologist also focuses on understanding the interactions among the child’s characteristics, family factors, supports in the school and community, and the child’s medical condition and disabilities (including changes from premorbid level of functioning if the child has an acquired illness or injury). Assessment involves identifying current areas of concern as well as predicting future problems based on expected changes in development and environmental demands. This information forms the basis for recommendations for the child’s parents, teachers, and health care providers.227






Psychosocial Functioning


Many childhood disabilities are associated with impairments and activity limitations that can hamper emotional adjustment and social engagement. Children’s reactions to these limitations often manifest as behavioral difficulties such as “acting out” in the classroom or at home. Abnormalities in emotional, behavioral, and social functioning can also be a direct result of the underlying condition, especially those that affect neurologic status. Because psychological factors can influence overall functioning, careful examination of psychosocial issues is essential when evaluating children with disabilities who are at risk for emotional, behavioral, and/ or social difficulties. Identifying these possible problems and educating the treating team about them is a key role of the pediatric rehabilitation psychologist.


Several standardized, multidimensional rating scales of emotional, behavioral, and/or social functioning can be administered to the child’s caregivers and teachers to obtain collateral information about the child’s functioning. The Child Behavior Checklist–Second Edition (CBCL-II)1 and the Behavior Assessment System for Children–Second Edition (BASC-2)307 are rating scales that survey a variety of common emotional, behavioral, and social concerns in children. Because the child can present quite differently from one setting to another (based in part on the available supports within a particular environment), a reliable and accurate psychological diagnosis is enhanced if one obtains information about the child’s psychosocial functioning from multiple sources, including caregivers, teachers, and when appropriate, the child. As is the case with many neuropsychological and psychological measures, while the CBCL-II and BASC-2 are psychometrically sound when used with typically developing and emotionally or behaviorally disturbed children, they must be interpreted cautiously when used with caregivers and teachers of children with significant physical or cognitive disabilities, or both. Some of the item content might not be appropriate for these children. Other measures are available to examine specific behavioral phenomena that can reflect cognitive limitations, such as attention (e.g., Conners’ Ratings Scale80) and executive functioning (e.g., Behavior Rating Inventory of Executive Functioning145).


Another window into a child’s psychosocial functioning is through direct interview or report from the child. Paralleling the caregiver and teacher versions, the BASC-2 has a self-report measure of personality for children 8 years and older.307 There are also a number of self-report measures of mood, such as the Children’s Depression Inventory206 and the Revised Children’s Manifest Anxiety Scale.308 Self-report measures of coping skills, as well as cognitive appraisals (such as perceived control, illness uncertainty, and illness intrusiveness), can also be helpful in identifying at-risk children and planning treatment.383 While potentially informative, however, self-report measures from children are subject to several limitations. These include the child’s ability to self-monitor and accurately report emotional functioning, and the possibility of underreporting of difficulties because of social desirability influences.415 Self-report methods might also simply not be valid for children with significant cognitive impairments, regardless of age.


Behavioral assessment and more systematic functional analysis are also useful in identifying problem or target behaviors, determining possible causes, and selecting reasonable treatment strategies.236 Information gleaned from these techniques allows for proper management of the child’s environment and implementation of contingencies to diminish undesirable behavior and maximize target behavior. Behavioral assessment involves specifying the to-be-extinguished target behavior, determining the antecedents (what precedes the inappropriate behavior), and identifying the consequence for the inappropriate behavior. For example, a pediatric rehabilitation psychologist might be asked to help understand why a child is putting his head down and disengaging in physical therapy. Through observation the psychologist might determine the antecedent (the child puts his head down whenever the therapy area is noisy and crowded) and the consequence (the therapist schedules the child at off hours). The psychologist can use this information to develop a plan to help reduce the likelihood that the undesired behavior will be inadvertently reinforced by the therapist.









Intellectual Ability


Intelligence refers to the general reasoning ability, problem solving, and the capacity to acquire knowledge.326 An IQ is a standardized score based on mean performance and variability across multiple subtests. IQ test scores are usually converted to standard scores (mean = 100, standard deviation = 15). A standard score of approximately 70 or below is regarded as indicative of limited intellectual functioning. Two common intelligence or IQ tests for children include the Wechsler Intelligence Scale for Children, Fourth Edition,389 and the Stanford-Binet, Fifth Edition.316


Assessment of intellectual functioning using a standardized IQ test is essential if intellectual disability is suspected. Intellectual disability, also termed mental retardation, is characterized by significant limitations both in intellectual functioning and in adaptive behavior that originate before 18 years of age (Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition [DSM-IV]7). Although mental retardation and intellectual disability are now used synonymously, the latter is becoming the preferred term. For example, the American Association of Mental Retardation changed its name in 2007 to the American Association on Intellectual and Developmental Disabilities.4


To diagnose an intellectual disability, a rehabilitation psychologist also assesses adaptive functioning (DSM-IV7), for which standardized tests (e.g., Vineland Adaptive Behavior Scales352) also exist. Although there are several definitions of adaptive functioning, the American Association on Intellectual and Developmental Disabilities defines adaptive functioning as comprising three skill types4:



• Conceptual skills: Language and literacy; money, time, and number concepts; and self-direction



• Social skills: Interpersonal skills, social responsibility, self-esteem, gullibility, naïveté (i.e., wariness), social problem solving, and the ability to follow rules, obey laws, and avoid being victimized



• Practical skills: Activities of daily living (personal care), occupational skills, health care, travel, schedules, routines, safety, use of money, use of the telephone.


Limitations in behavioral, sensory, and motor abilities, as well as cultural factors, are considered when determining whether intellectual disability exists in a given instance. Assessment of intellectual disability in children with significant physical disabilities can be particularly challenging because deficits on standardized testing of cognitive and adaptive functioning might be the consequences of motor or sensory impairment rather than cognitive impairment.28 Several authors have offered suggestions as to how best to assess these special populations of children.227,377 Cultural factors can also have an impact on test performance and level of adaptive functioning.326 For example, in some cultures, children with disabilities are not expected to attend school or perform any self-care activities, even if they are able to do so.163 These limitations of exposure and practice can result in underestimates of the child’s true abilities.









Neuropsychological Testing


Neuropsychological assessment of children involves understanding of brain-behavior relations and how these relations are influenced by the developing brain.121,227 In children with neurodevelopmental disabilities or acquired neurologic impairments, pediatric rehabilitation psychologists evaluate the full range of neuropsychological domains, with a view to developing a profile of required supports that is more comprehensive and informative than one based on IQ scores alone. This is particularly important because children with certain conditions, such as acquired brain injuries, often have significant neuropsychological deficits (e.g., impairments in processing speed, memory, and executive functioning) but average IQ scores.103


Neuropsychological assessment can also be indicated for children with primarily physical disabilities who demonstrate difficulty learning at school or acquiring self-care skills. These children often benefit from neuropsychological testing to help sort out the barriers to learning. As in the general population of children, there is a subgroup of children with physical disabilities (e.g., amputees) with learning disabilities or attention deficit–hyperactivity disorder. As children with physical disabilities and chronic health conditions mature, independence in self-care is also often a goal. These skills require a high level of organization, planning, and problem solving (i.e., executive functioning), so even minor dysfunction can greatly limit development of independence with self-care skills.226









Other Considerations


Pediatric rehabilitation psychologists conceptualize and interpret assessment results with knowledge of the child’s environmental demands and supports in the home, school, and community environments. Many children with disabilities will be receiving therapies and interventions before assessment by the pediatric rehabilitation psychologist. It is essential to understand what therapies and interventions have been implemented, as well as how successful those supports and interventions have been, to make suitable additional recommendations.227


The pediatric rehabilitation psychologist might also need to assist in planning for the future, based on an understanding of the child’s prognosis and expected changes in environmental demands.227 For example, the intervention plan for a 6-year-old child with executive dysfunction is very different than the plan for a 15-year-old adolescent. It can be particularly helpful to provide families with some general guidance of how to manage critical time points (such as transitions from elementary to middle to high school). The child’s changing needs might dictate regular returns to a multidisciplinary clinic for serial evaluation by professionals sensitive to the developmental arc, and who are capable of identifying any new needs for supports or treatment. Follow-up psychological or neuropsychological evaluation might be recommended at a specific point in time, based on the predicted future concerns.












Intervention


Treatment and support for children with developmental and acquired disorders are necessarily diverse, because of the variety of disorders and the multiplicity of consequences in functional, psychological, cognitive, and social realms. Chronologic age, environmental expectations, family resources, and available educational and community resources also influence the treatment approach and intensity. Some of the more widely used interventions include behavior management, environment control, family therapy, and CR.






Behavior Management and Environment Control


In pediatric rehabilitation psychology, especially when working with children with cognitive deficits, implementing environmental and behavioral intervention techniques often involves teaching all significant individuals in the child’s life to maintain structure and routine during daily functional activities. This permits better control of behavior. As the child functions more independently, these controls can be reduced.408 Teachers and caregivers are taught by rehabilitation professionals how to follow through with environmental modifications and behavioral management strategies within the child’s everyday life.


After using behavioral assessment or more systematic functional analysis to identify adaptive and maladaptive behavior patterns, pediatric rehabilitation psychologists implement specific behavioral management strategies, such as operant contingency management, antecedent control, and combinations of these approaches in the home and school environment. Operant contingency management uses contingencies to change the probability that the child will display a certain behavior. Two common contingences that increase the frequency of a target behavior are positive reinforcers (events or activities that increase the likelihood of a desired behavior when presented after the behavior) and negative reinforcers (events or activities that increase the likelihood of a desired behavior when removed after the behavior).236 A common positive reinforcer is praising the child for trying a novel activity in therapy. A negative reinforcer could involve removing a child from a noisy therapy gym after the child completes a desired activity. Antecedent management involves proactive modification of the environment to prevent or minimize the occurrence of an undesirable behavior and increase the probability of desirable behavior.


A recently developed technique, positive behavioral interventions and supports (PBIS), combines operant conditioning and antecedent management.195,325 Like antecedent management, PBIS is designed to be proactive. The goal is to prevent problem behavior by altering a situation before escalation occurs, while at the same time teaching and reinforcing acceptable alternative behaviors. PBIS is ideally suited for the school setting, and in recent years has been used as a school-wide prevention programin more than 7500 schools nationwide. Its main use has been to reduce disruptive behavior problems in the general student population42 and to enhance school-wide health.41 PBIS has also been used to promote desirable behavior in children with acquired brain injuries in the school environment, although research demonstrating efficacy is limited.339,409 Given the promising results in the school system and with children with neurologic injury, PBIS might work well in structured group settings designed for rehabilitation, such as an inpatient rehabilitation unit or day hospital program.









Family Therapy, Support, and Education


As noted above, childhood disability can result in substantial family stress and burden. Factors such as family resources and family conflict are also associated with functional outcome in children. A key goal for pediatric rehabilitation psychologists is developing supportive and instructive interventions that help families by reducing caregiver stress and burden, improving management of child behavior problems, and reducing family conflict.


Multiple well-designed intervention studies of families of children with TBI provide strong support for educating, involving, and working with the family to ameliorate cognitive and behavioral problems in these children. For instance, educational intervention in the emergency department (i.e., providing general information about common symptoms and course of recovery) with families of children who sustained mild TBI was associated with better outcomes 3 months after injury relative to children who received routine care.291 In a randomized controlled intervention, Braga et al.43 also found significantly improved functional skills in children whose relatives were taught to implement CR in the home environment, as compared with children who received typical outpatient therapy.


A series of studies examining family therapy for families of children with TBI found that psychotherapeutic techniques, including problem-solving strategy training, improved child behavior and decreased parental distress.379,382 In addition, a similar family therapy model, termed behavioral family systems therapy, reduced family conflict in families of children with diabetes.9,406 Recently, Cole et al.74 outlined seven clinical guidelines for therapy with families of children with brain injury (Box 4-6). While these guidelines were developed with families of children with TBI in mind, they are applicable to families of children with a wide range of disabilities.





BOX 4-6 Therapy Guidelines for Families of Children With Brain Injury






• Recognize how the child’s developmental stage presents unique challenges.



• Match the intervention to needs and level of functioning of the family.



• Provide advocacy by linking family to resources in the community.



• Educate the family and child on disability-related issues.



• Encourage the family to adjust to disability in healthy and positive ways.



• Modify the home, school, and community environment for effective antecedent management.



• Train the child and family in use of coping skills, communication, and problem solving.












Cognitive Rehabilitation


Cognitive deficits are frequent consequences of neurodevelopmental and acquired neurologic conditions and often warrant intervention. While a handful of well-designed studies demonstrate the efficacy of outpatient CR aimed at difficulties with attention and memory,53,54,376 for most children with neurologic conditions, cognitive interventions are implemented by teachers and therapists working in the school system as part of the child’s educational program. Parents and other caregivers play an essential role in structuring the child’s environment in a manner that promotes optimal functioning. The interventions implemented by people in the child’s everyday environment are considered within the broad definition of CR for children. While specific techniques for providing intervention in the child’s daily environment have been detailed,408 well-designed studies are still needed to examine the efficacy of these interventions.341


Developmental issues are particularly challenging in the study of CR for children, because age at both injury and at the time of intervention can influence treatment efficacy. For example, younger age at injury has been associated with greater cognitive impairment after TBI.92,340 Effective interventions for children with cognitive deficits also vary depending on the age of the child, as an intervention that is effective for a school-aged child might not be effective for an adolescent.227












Educational Planning


Every effort should be made to promote school attendance by children with disabilities, because most cognitive, behavioral, and psychosocial supports for children are provided within the school system. The pediatric rehabilitation psychologist can orchestrate efforts to ensure that necessary specialized programming and accommodations are provided in that setting, with knowledge of the diversity of possible needs, available services in the particular district, eligibility requirements, and relevant special education laws.


Several laws deal with civil rights in the public school system and are relevant for educational planning. The Education for All Handicapped Children Act (Public Law 94-142), passed in 1975, mandated that a free, appropriate pubic education be provided in the least restrictive environment for children regardless of type or severity of disability (Education of All Handicapped Children Act of 1975). The least restrictive environment specifies that children with disabilities should be educated alongside nondisabled peers as much as possible. This legislation has been revised in 1990, 1991, 1997, and 2004. In 1990, the legislation was renamed the Individuals with Disabilities Education Act (IDEA).177 Currently the Individuals with Disability Education Improvement Act of 2004 enables children through age 21 years to receive early intervention, special education, and related services through the public school system (IDEA, 2004). Related services include physical, occupational, and speech-language therapy, and school nurse services necessary for the child to meet educational goals. In addition to IDEA, the No Child Left Behind Act of 2002 (Public Law 290) mandated that only 1% of the student body of any school could be assessed differently than the school-testing standard. As a result, children with disabilities are currently included in assessment of yearly progress in academic proficiency.


Under IDEA, school systems are responsible for finding, identifying, and evaluating children with disabilities in need of special education and related services, as well as informing and involving caregivers in this process. Children with chronic medical conditions often have multiple medical, rehabilitation therapy, and psychological evaluations completed outside the educational system that are relevant to educational planning. The rehabilitation psychologist frequently facilitates the identification, evaluation, and planning process through the school system by conveying these evaluation results and recommendations for educational programming to the school system, and by acting as a liaison between the medical and educational teams. To qualify for services, a student must meet criteria for one of the defined educational disability diagnoses that qualify for services (Box 4-7).





BOX 4-7 Educational Disability Diagnoses






• Autism



• Deaf-blindness



• Deafness



• Emotional disturbance



• Hearing impairment



• Mental retardation/intellectual disability



• Multiple disabilities



• Orthopedic impairment



• Other health impaired



• Specific learning disability



• Speech and language impairment



• Traumatic brain injury



• Visual impairments





Children who qualify for services must have an Individualized Education Program (IEP) created and agreed on by the special education team and the child’s primary caregivers. The IEP is determined by consensus. A primary caregiver who does not agree with the plan can file for a due process hearing to resolve any disagreements. The IEP includes a general statement about the child’s current capabilities and specifies the child’s educational placement (e.g., regular classroom, special education classroom, nonpublic school, or home or hospital instruction), as well as the type and intensity of special education and related services to be offered. The IEP also states measurable educational goals and objectives. The child’s educational team and primary caregivers meet annually to review progress towards IEP goals and revise the IEP for the following year. Every 3 years the child must be formally evaluated as part of the IEP process.


For children with disabilities who do not qualify for special education services, Section 504 of the Rehabilitation Act of 1973 (Section 504) requires the school to make accommodations such as physical modifications and extra services to allow them to attend school. Similar to the Americans with Disabilities Act, Section 504 makes it illegal for any agency to discriminate against an otherwise qualified individual solely because of a disability. Children who receive accommodations through Section 504 do not receive an IEP.


Even infants and toddlers with disabilities or substantial developmental delays are eligible for early intervention programming under IDEA. Once they are identified, an Individualized Family Service Plan (IFSP) is developed. Like the IEP, an IFSP specifies the type and intensity of services the child will receive. Services for infants and toddlers are usually provided in the home. Once a child with a disability turns 3 years of age, an IEP must be created, and the child can receive preschool services as deemed necessary.


At the other end of the spectrum, IDEA mandates that students must be provided with a free, appropriate pubic education that prepares them for transition from school to further education, employment, and independent living. By age 14 an IEP should include transition goals and initial planning. The individual transition plan varies considerably according to the needs and abilities of the child and can include planning for higher education, employment, sheltered workshop settings, or adult day programs. By age 16 the transition plan must be implemented, including beginning appropriate vocational training, making connections with relevant community resources, or both. The student has the right to participate in writing this part of the IEP, and the student’s needs, preferences, and interests must be considered. Because educational services are available for individuals through age 21, students with more severe disabilities often remain in the school system where they can receive full-day comprehensive services, before transitioning to community-based supports.


In addition to understanding the psychosocial, functional, and cognitive challenges associated with a wide range of disabilities, pediatric rehabilitation psychologists are knowledgeable about childhood development, family functioning, and educational supports. Given that attention to each of these areas is essential to optimize overall functioning of the child, pediatric rehabilitation psychologists are an integral member of the rehabilitation team working with children and adolescents.

















Special Topics






Pain






Overview


Available estimates suggest that approximately 4.9 million people seek treatment for chronic pain annually.230 Among rehabilitation populations, the prevalence of chronic pain ranges from 42% to 85%.109,204,211,312,338 Recognizing the significant effects that pain can have on functional abilities and quality of life, the Joint Commission on the Accreditation of Healthcare Organizations in 2001 implemented standards requiring health care organizations to monitor and manage pain, and to educate staff and patients about the importance of doing so.


The gate control theory of pain251 recognizes that the experience and expression of pain have medical and sensory as well as psychological (cognitive and affective) determinants.249 While pain might initially result from medical conditions, psychosocial and cognitive factors can maintain and even exacerbate pain and associated disability over time.368 In accordance with this biopsychosocial model of pain,272 research has revealed that coping style is associated with pain intensity, distress, and disability in individuals with SCI.371 Rehabilitation psychologists play a critical role in the care of persons with chronic pain by identifying and treating the multiple psychological factors that determine the level of pain-related disability.









Assessment of Pain


Pain assessment includes evaluation of both the physiologic and emotional factors, including sensory experiences, mood, coping, and behavioral disturbances.312 A comprehensive interview gathers information about the nature of the patient’s pain experience, including the severity, characteristics, duration, and location.367 Also assessed is the affective experience of pain, defined as the emotional response and experience of life disruption caused by pain.184


Given the subjective nature of the experience of pain, self-report measures might be considered the most accurate indication of the pain experience.250 From these, the clinician seeks to understand the intensity, quality, frequency, duration, pain affect, and pain behaviors.367 Some common self-report pain scales are visual analogue scales,184 which have demonstrated validity184 and are useful for documenting incremental improvements from treatment.293 The McGill Pain Questionnaire248 is another self-report instrument that has been widely used with rehabilitation populations. Based on the gate control theory,251 this instrument measures the sensory, affective, and cognitive aspects of pain. It has demonstrated utility for assessing patients’ subjective experience of pain and for highlighting unique characteristics of the qualitative experiences of pain in patients with various pain-producing conditions.250


Critical information about the experience of pain, and the context in which pain occurs, can be obtained by assessment of pain behaviors.131 Particularly in inpatient rehabilitation settings, nonverbal pain behaviors can provide valuable information regarding the severity of pain and the extent to which it limits involvement in other activities. Examination of situational variations in pain behaviors can also provide insights into environmental influences on the patients’ experience of pain and coping with pain. For example, careful observation might reveal that in the presence of well-intentioned, (perhaps overly) solicitous family members, a patient might evidence increased expressions of pain and decreased tolerance of activities. Rehabilitation psychologists, aware of social learning theory as it relates to chronic pain,194 can help the patient, family, and treatment team recognize how unintended reinforcement of pain behaviors can thwart efforts to reduce patients’ pain behaviors.


When self-report of pain levels is not possible, as can be the case for some individuals after stroke or TBI, pain can be assessed by caregiver report.179 The validity of proxy reports has been questioned, however, because they do not always correlate with patient self-reports of pain.246 Other recent advances in the assessment of pain have focused on efforts to develop “objective,” observable measures of functioning as a proxy for documenting pain levels.289 Such measures might not capture individuals’ phenomenologic experience, however, because physical difficulties do not necessarily correlate well with patients’ reports of pain.213









Treatment of Pain


It is not surprising that increases in patient satisfaction correspond to reductions in pain.67,245 Further substantiating the biopsychosocial model, however, is research indicating that perceptions of control over pain might be more strongly associated with patient satisfaction than with ratings of pain themselves.286 Increased attention is being given to the influence of individuals’ beliefs about their pain, including their ability to manage it, their perceptions of its influence on their lives, and their beliefs about its future impact.369 Psychological interventions to improve patients’ appraisals and beliefs regarding their experience of pain and their ability to manage it can play an important role in improving patient outcomes.102,274


Rehabilitation psychology interventions for patients with chronic pain are multidimensional, including instruction in behavioral techniques for pain management such as relaxation techniques, as well as cognitive-behavioral psychotherapy to address negative thoughts about the experience of pain and its implications for daily functioning.110 A recent metaanalysis263 showed that CBT was effective for reducing the subjective experience of pain, increasing positive coping with pain, and decreasing the negative impact of pain on social role functioning.












Capacity Determinations


Questions regarding the potential need for guardianship arise frequently in rehabilitation. Guardianship is a legal arrangement instituted for persons who can no longer make or communicate sound decisions about their person, their property, or both, or are susceptible to potentially negative undue influence. For individuals incapacitated in one or multiple domains, the court can appoint an advocate. While laws for determining incapacity vary by state, four factors are generally considered in state guardianship proceedings5 (Box 4-8).





Box 4-8 Factors Generally Considered in State Guardianship Proceedings






• Presence of a disabling condition



• Nature of limitations in functional behavior with regard to management of one’s basic needs



• Individual’s cognitive functioning



• Determination that guardianship is necessary as the “least restrictive alternative”





Given that numerous individual rights can be removed with the establishment of a guardianship, it is essential to determine whether less restrictive alternatives can safeguard an individual’s safety and independence (Box 4-9). For example, individuals unable to provide for their basic care because of physical limitations might, with additional services and equipment, gain greater independence and decrease the need for supervision.266,350 A critical distinction is drawn between decisional capacity (the ability to decide) and executional capacity (the ability to carry out the decision).75 Individuals with decisional capacity generally do not require a guardian because they can instruct others to perform tasks in accordance with their decisions.





BOX 4-9 Guardianship: Personal Rights and Alternatives












	Personal Rights Affected by Guardianship

	Alternatives to Guardianship∗







	


• Make decisions regarding medical treatment



• Execute a durable power of attorney or health care advance directive



• Engage in financial transactions (e.g., make donations, buy or sell property)



• Determine where to live



• Drive



• Marry



• Vote




	


• Obtaining durable powers of attorney (e.g., for health care, finances)



• Establishing advance directives (e.g., living will)



• Use of bill-paying services



• Using case management services



• Relocating to a residential facility (e.g., assisted living)



• Arranging for community agency services (e.g., home health care)



• Establishing in home supports (e.g., emergency call system, meal delivery, medication reminder systems)










∗ Additional suggestions are available from American Bar Association Commission on Law and Aging and American Psychological Association.5









Evaluations to Assist in Determining Capacity


Legal definitions of incapacity can be broad and vary from state to state.266 However, a general guideline is provided by the Uniform Guardianship and Protective Proceedings Act373 (Section 102[5]), according to which an incapacitated person is “an individual who, for reasons other than being a minor, is unable to receive and evaluate information or make or communicate decisions to such an extent that the individual lacks the ability to meet essential requirements for physical health, safety, or self-care, even with appropriate technological assistance.”


Several areas of functioning need to be assessed and documented by the rehabilitation team considering guardianship, including medical and physical conditions contributing to the loss of capacity, cognitive abilities, daily functional abilities, psychiatric and emotional factors, values and preferences, and level of danger to self and others.5,266,324,350 All rehabilitation team members contribute to capacity determinations by providing data on an individual’s abilities and limitations based on observations made during treatment. While both physicians and psychologists are recognized as qualified to render opinions in court regarding patients’ capabilities, frequently the treating physiatrist is asked to provide a summary opinion based on information obtained from all professionals working with a patient. Under these circumstances, rehabilitation psychologists, with expertise in the assessment of cognitive and psychological factors that affect functional abilities, can be relied on for critical data that may inform physiatrists’ judgments about patients’ capabilities.









Cognitive Assessment


While no single assessment battery can be universally applied in addressing questions of capacity, rehabilitation psychologists commonly use behavioral observations, clinical interviews, and standardized tests to gather relevant information to address questions of competence.5,265,266 In addition to summarizing data obtained from each of these methods, a comprehensive capacity assessment by a rehabilitation psychologist will include (1) documentation of the specific medical and psychological issues that are causing functional limitations, (2) separate consideration of each area of capacity in question (e.g., management of home, finances, and health care), and (3) specific examples of patient’s test performance and behaviors relevant to the particular domain of incapacity.


Behavioral observations made by the rehabilitation psychologist as well as other providers offer initial constructive insights into the patient’s functional abilities, although they are insufficient for determining a person’s capabilities (e.g., how functioning might improve with supports, or how it could worsen in less structured settings apart from the rehabilitation program). Clinical interviews (with the patient and with family members, or others familiar with the patient) are a second critical source of information. These provide details about current medical and psychological issues and functional abilities, as well as the individual’s previous residential, vocational, financial, and medical or mental health treatment choices.350


Rehabilitation psychologists also rely on standardized tests in capacity determinations. The tests are selected for each patient depending on what areas of functioning are in question (e.g., decision making regarding health care or finances), as well as the psychologist’s judgment of factors that might be affecting capacity (e.g., whether psychological or cognitive issues are prominent). Frequently, neuropsychological assessments are conducted that rely on standardized tests to examine functioning in multiple areas that could affect decision making and functional abilities, including attention, memory, expressive language, comprehension, visual perceptual ability, cognitive processing speed, planning, problem solving, and the ability to think flexibly (see Box 4-2). Poor functioning in these domains can compromise important functional abilities, such as integrating information for financial decision-making and driving.231,243 Additional documentation of functional abilities is often required, however, because impairment on neuropsychological testing is not always associated with “incapacity” if the observed deficits do not impede the ability to make responsible decisions.266


In recognition of this potential dissociation between neuropsychological testing and real-world functioning, instruments have been designed to assess specific skills related to questions of guardianship. Marson and colleagues232,233 have been at the forefront in developing and validating standardized assessment of capacity in cognitively impaired populations. Although most currently available measures document a single decision-making capacity (e.g., Financial Capacity Instrument234), several address a broader range of functional abilities. For example, the Adult Functional Adaptive Behavior Scale288 combines data from an interview of an informant familiar with the patient’s daily functioning with direct observations of the individual’s functioning by the examiner to formulate conclusions regarding capacity to manage basic activities of daily living (e.g., dressing, grooming), as well as instrumental activities of daily living (finances and health care needs). The Independent Living Scales221 instrument requires responses to questions and completion of simple tasks to demonstrate both conceptual reasoning and practical knowledge associated with managing the home and finances, general safety, and health care issues. Rehabilitation psychologists have access to numerous other measures that provide direct assessment of daily life competence and capacity to understand health care issues.5 While standardized testing is typically seen as a necessary component of capacity evaluations, on occasion clinical observation and judgment can supersede test findings. An example of this is a case in which a patient is able to verbalize how to manage activities of daily living, but psychological or neurobehavioral factors (e.g., amotivation) hamper the patient’s success in doing so.









Other Considerations


After clinical evaluation, rehabilitation professionals might be asked to submit a written statement or “certification” regarding the individual’s abilities, or they might be requested to attend proceedings and testify, or both. It is not the duty of rehabilitation psychologists or other members of the rehabilitation team to establish whether a person is legally incapacitated, since this is a legal determination made by the court.157 Rather, rehabilitation health care providers supply the court with specific information about the nature, extent, and cause of incapacities and the prognosis (e.g., potential for recovery after TBI), as well as observations regarding perceived risk for poor decision making in financial, health, personal care, and other relevant domains.303


In conducting capacity assessments, rehabilitation psychologists strive to remain aware of the sometimes competing goals of promoting patients’ autonomy and self-determination, while taking into account their safety and well-being. While the goal of rehabilitation is to promote functional independence, when cognitive and functional deficits render a person at risk for neglect, exploitation, or other significant harm, the need to ensure the safety and well-being of patients virtually always takes precedence over patient autonomy.












Veterans and Combat-Related Injury and Disability






Signature Syndromes and Injuries


Much has been written describing “signature syndromes” and injuries associated with particular wars, although in most cases these signature disorders share multiple symptoms, as demonstrated by the following brief review.


In World War I, soldiers returning from the battlefield experienced “shell shock,” first documented by Myers267 in the first issue of the Lancet. These injuries would today be called postconcussion symptoms secondary to blast exposures, but were also accompanied by mood and other psychological symptoms that resembled PTSD. Implemented in response was an intervention known as forward psychiatry that included the development of ”PIE” units. This intervention was aimed at returning soldiers to the battlefront. It embodied some important rehabilitation principles, including delivering treatment in close Proximity to the war front, emphasizing rapid implementation of treatment (i.e., Immediacy), and encouraging an Expectancy of recovery in soldiers being treated. During World War II and the Korean War, the forward psychiatry approach showed mixed results in terms of restoring soldiers’ fitness for duty.186


The terms battle fatigue and combat exhaustion are associated with physical, mood, and neurocognitive problems in World War II service members and in soldiers returning from the Korean War in the 1950s, and were similar to PTSD documented in Vietnam veterans. Symptoms of fatigue, headache, and sleep disturbance were frequent. Those who were considered to be having significant problems in adjusting to combat were labeled as having a “war neurosis,” again reflecting posttraumatic stress symptoms.290 Similar experiences were documented in veterans of the Vietnam Conflict, as a result of which progress was made in recognizing the relation of exposure to combat-related traumas and the development of PTSD. Research continues in these war veterans regarding the current prevalence rates of PTSD, risks and war-zone stressors,199 as well as ethnic differences in PTSD rates.101


The signature medical condition of Persian Gulf Conflict veterans has been characterized as a collection of “medically unexplained symptoms.” These included an array of neurocognitive, psychological, and physical symptoms such as chronic fatigue, widespread chronic pain, headaches, gastrointestinal symptoms, skin disorders that occurred without specific etiology (although many correlated with the presence of environmental exposures),201 and the presence of PTSD.129


For Operation Enduring Freedom (OEF) and Operation Iraqi Freedom (OIF) veterans, combat-related blast wave exposures are a frequent cause of an array of injuries, especially TBI and mild TBI (mTBI),21 which are considered to be signature injuries of this war. Blast injuries such as TBI can occur secondary to exposure to improvised explosive devices (IEDs), vehicle-borne IEDs, mortar rounds, rocket-propelled grenades, land mine explosions, and explosively formed penetrators or projectiles. The mTBIs can also occur as a result of motor vehicle accidents, falls, and blast wave exposure.


Blast injuries, including those that cause TBI, can be categorized into primary, secondary, tertiary, and quaternary types, depending on the mechanisms, according to the Center for Disease Control and Prevention.69 This classification has been expanded to include a fifth mechanism of blast injury.346 Table 4-1 provides the classification of blast-related injuries along with examples of such injuries at each level.93 Although not all five blast components always occur in each blast exposure, cumulative effects resulting from multiple blast incidences can result in an array of disorders and disability.


Table 4-1 Five Components of Blast-Related Injuries






	Blast Injury Type

	Mechanism

	Consequences






	Primary

	Overpressurization wave

	Fluid- and gas-filled organ damage/dysfunction; traumatic limb damage or amputation; pulmonary “blast lung” effects; tympanic membrane rupture; eye enucleation; bowel perforation






	Secondary

	Fragment, projectile, and debris dispersion

	Penetrating wounds to exposed parts of the body; shrapnel wound; blunt trauma to the head and body






	Tertiary

	Displacement of the person, collapse of nearby structures to the blast

	Blunt trauma; acceleration and deceleration forces to the head by displacement from site of explosion; musculoskeletal injury; fractures and crush injuries






	Quaternary

	Explosion-related disease and illness

	Asphyxia; toxic exposures and inhalation; exposure to depleted uranium and other chemical exposures and additives






	Quinary

	Absorption of toxic materials

	Induction of hyperinflammatory state (hyperpyrexia, sweating, low central venous pressure, positive fluid balance); for example, chlorine gas additive to improvised explosive devices














Co-occurring Conditions


Among veterans of the Iraq (OIF) and Afghanistan (OEF) conflicts, multiple coexisting medical and psychosocial injuries are common, especially the combination of mTBI and PTSD. Sustaining an mTBI appears to be associated with decreased rates of recovery from PTSD.375 Many veterans also return with significant chronic pain disorders, given the frequency of limb injuries sustained in the combat zone (54% of all injuries, per Owens et al.278) and subsequent musculoskeletal problems. Both chronic headache pain syndromes (e.g., tension, cervicogenic, migraine), and nonheadache pain syndromes (e.g., low back pain, upper limb pain) are frequently seen,367 and often in association with TBI.146


Individuals with polytraumatic injuries (often including TBI) admitted to acute inpatient rehabilitation facilities frequently have significant pain and mental health diagnoses that add to the complexity of rehabilitation care.329 Co-occurring conditions in the acute setting require the collaboration of multiple specialty providers, making optimal rehabilitation team functioning and partnership with patients and their families key to the delivery of seamless rehabilitation care to this population of veterans.255


According to Uomoto and Williams,374 combat-related symptoms represent an array of physical, cognitive, behavioral, and emotional problems that converge in a “final common pathway” of co-occurring symptoms, causing suffering in veterans presenting for care. These authors propose that after acute rehabilitation, the focus should be on removing excess disability by treating cognitive performance deficits, providing skills for mood management, treating PTSD and other mental health conditions, facilitating family and social support (including peer visitors), and integrating care across multiple disciplines and programs. The emphasis is on both symptom remediation and enhancing coping and resilience, thereby encouraging engagement in functional activities and resumption of community participation.









Postcombat Rehabilitation Care


A “cumulative burden” model has been proposed by Brenner et al.,45 which maintains that over time, active duty service members and veterans can present with multiple overlapping symptoms, resulting in a “cumulative disadvantage” wherein “long-term symptoms could be mutually exacerbating and ultimately precipitate engagement in detrimental behaviors (e.g., substance abuse), the onset of additional conditions (physical and/or psychological), and negative psychiatric outcomes (e.g., suicide)”. Highlighting the potential exacerbation of deficits over time, this model underscores the need for rehabilitation care to interrupt this cycle, address it once it has occurred, or both.















Summary


Rehabilitation psychologists play an important role in the care of individuals with acquired and congenital disabilities. They use their expertise in the evaluation of a full spectrum of psychological and cognitive factors that are relevant for determining patient functioning, for identifying and implementing appropriate interventions, and for promoting rehabilitation team collaboration. Neuropsychological assessments are frequently conducted by rehabilitation psychologists and neuropsychologists to ascertain the relative contributions to patients’ daily functioning of strengths and weaknesses in cognitive domains, including attention, memory, language, intellectual functioning, and executive functioning. Rehabilitation psychologists’ assessments include evaluations of a person’s psychological status, including adjustment to disability, depression, anxiety, coping, and self-management skills. They also include assessment of interpersonal functioning, which can affect activity and participation engagement. This comprehensive evaluation of cognitive and psychological factors allows the psychologist to assist the interdisciplinary team in the development of effective rehabilitation plans of care and accommodation recommendations that can be implemented in job and school settings.


Rehabilitation psychologists also provide interventional services that support efforts toward awareness and acceptance of change, remediation (when possible), and accommodation. This can take the form of removing excess disability secondary to mood or interpersonal dysfunction that can impede performance and capacity in everyday functioning. Psychological interventions might focus on assisting the person with disability to learn skills in self-advocacy, which encourages independence in bringing about experiences and outcomes of enablement (e.g., advocating for workplace changes to accommodate cognitive or physical obstacles). Interventions can also focus on changing maladaptive thoughts or behaviors, or on helping individuals come to terms with existential issues associated with their acquired or congenital disability. CR therapy for those with neurologic disorders can be restorative and/or compensatory in nature, with a shared end goal of lessening the patients’ experience of disability secondary to their medical condition.


While rehabilitation psychologists typically affiliate with numerous organizations, including the American Psychological Association’s Division 22 (rehabilitation psychology) and Division 40 (clinical neuropsychology), obtaining board certification through the American Board of Rehabilitation Psychology reflects the demonstration of a broad set of competencies relevant for working with rehabilitation populations.6 In addition to comprehensive assessment skills, rehabilitation psychologists can intervene effectively with the patient and the family concerning adjustment to disability, manage behavioral problems, and provide sexual counseling. They are skilled at consulting with colleagues to promote patient and team functioning, and they are familiar with laws (such as the Americans with Disabilities Act of 1990) affecting persons with disabilities. These additional competencies are essential for effective assessment and psychotherapeutic work with rehabilitation populations.
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Chapter 5 Gait Analysis


Technology and Clinical Applications




Alberto Esquenazi, Mukul Talaty





Since the later part of the twentieth century, gait analysis has become a useful clinical tool in the management of walking and movement problems for patients with neurologic and orthopedic conditions. Technology related to gait analysis and our understanding of the role of gait analysis in clinical assessment and management have improved significantly in recent years. Gait analysis was initially used in the last decade of the nineteenth century by the Weber brothers. Muybridge21 contributed to the understanding of movement with his famous sequential photographs, first of horses and later of walking and running men. Composited animations of some of Muybridge’s original work can be seen online (http://photo.ucr.edu/photographers/muybridge/contents.html). Later, Marey19 used light-colored marking strips on dark-clad subjects for the analysis of body movements. Bernstein2 initiated the formal study of kinematics with his detailed photographic studies of normal human locomotion movement. In 1947 Schwartz et al.24 made the first quantitative studies of the forces generated at the floor-foot interface during walking. Later, electromyography (EMG) recordings were possible. Inman’s group13 at the University of California Biomechanics Laboratory refined the simultaneous recording of multiple muscle group activity during normal ambulation.


Gait analysis has evolved into a recognized objective medical evaluation technique that is important in surgical planning10 and in the planning of other therapeutic interventions, such as botulinum toxin injection in the management of spasticity and the prescription and optimization of lower extremity orthotic and prosthetic devices.8 Other applications include sport movement analysis, analysis of other musculoskeletal conditions, and outcomes measurement. The most important contribution of gait analysis might be as a quantitative assessment tool for movement generally and walking specifically. In some centers, computer models of walking are used to drive simulation models that are then modified with the proposed interventions to determine whether the treatment will achieve the desired goal.


These advances have been possible because of the improvement in technology related to the simultaneous recording and display of three-dimensional movement, forces, and the use of dynamic EMG. Specialized transducers are used to record a physiologic quantity, such as movement or muscle potentials, and then transform it into a digital signal that can be captured by a computer. These data can then be analyzed for information such as body segment velocities, accelerations, joint moments, powers, and mechanical energy, and estimation of internal joint forces. Our desire to quantify neurophysiologic performance, combined with the progress in computer technology and reduction in equipment costs, has promoted the proliferation of gait analysis laboratories.


A clear understanding of the gait analysis data and the ability to perform a meaningful interpretation that is clinically applicable and its relationship to impairment, disability, and handicap remain a challenge for many physicians and clinicians.The goal of this chapter is to introduce and familiarize the clinician with the terminology, the biomechanics, and the complex interaction that exists between the body and the physical factors that affect human gait. For gait analysis to be useful in the clinical evaluation of patients, certain criteria must be fulfilled. The measured parameters should:



• Supply additional and more pertinent information than that of the clinical examination



• Correlate with the functional capacity of the patient



• Be accurate and repeatable



• Result from a test that does not or only minimally alters the natural performance of the patient



• Be interpreted by experienced clinicians familiar with the scope of the test protocol, instrumentation, limitations of the equipment, and the clinical factors in the case


These criteria require that the clinician be familiar with the complex physiologic interactions of normal gait biomechanics, with normal and abnormal patterns of motor control, and with the technology used for its assessment. In addition, the clinician must possess the ability to relate these features to the pathologic motion that is observed during walking to effectively diagnose and address the problems of abnormal gait. To properly identify and evaluate the gait problems of the patient, the clinician must be able to produce a hypothesis and then attempt to understand what the problem is, where and when it is present, and why it occurs. Knowledge of appropriate available interventions, as well as a thorough medical history and examination, is needed to determine the most appropriate treatment interventions.7






Normal Locomotion


Walking requires significant motor coordination, yet most people can perform this complicated task without even thinking about it. The fundamental objective of bipedal human locomotion is to move safely and efficiently from one point to another.3 Humans are the only animals who characteristically have upright walking. Gait can be described as an interplay between the two lower limbs, one in touch with the ground, producing sequential restraint and propulsion, while the other swings freely and carries with it the forward momentum of the body. Most healthy individuals accomplish walking in a similar manner between the ages of 4 and 8 years because everyone has the same basic anatomic and physiologic makeup. Gait patterns are highly repeatable both within a subject and between subjects, but clearly each person has a unique walking style.


Gait is cyclic and can be characterized by the timing of foot contact with the ground; an entire sequence of functions by one limb is identified as a gait cycle (Figure 5-1).3,13 Each gait cycle has two basic components: stance phase, which designates the duration of foot contact with the ground, and swing phase, the period during which the foot is in the air for the purpose of limb advancement. The swing phase can be further divided into three functional subphases: initial swing, midswing, and terminal swing. In the same manner the stance phase can be partitioned into one event and four subphases: initial contact, loading response, midstance, terminal stance, and preswing.1,6
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FIGURE 5-1 Gait cycle.




The stance phase can alternatively be subdivided into three periods according to foot-floor contact patterns. The beginning and the end of the stance phase mark the period of double support, during which both feet are in contact with the floor, allowing the weight of the body to be transferred from one limb to the other. When double support is absent, the motion is, by one definition, running. Single limb support begins when the opposite foot is lifted from the ground for the swing phase. For normal subjects walking at self-selected comfortable speeds, the normal distribution of the floor contact period during the gait cycle is broadly divided into 60% for the stance phase and 40% for the swing phase, with approximately 10% overlap for each double support time. These ratios vary greatly with changes in walking velocity (Figure 5-2).
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FIGURE 5-2 Stance-to-swing ratio as a function of walking speed. As walking speed increases, the stance phase comprises a relatively shorter portion of the total gait cycle. Thus the subject spends a larger fraction of time in swing phase. In the example shown, the subject spends more time in swing than in stance when running at 3.4 m/s.




The step period is the time measured from an event in one foot to the subsequent occurrence of the same event in the other foot. There are two steps in each stride or gait cycle. The step period is useful for identifying and measuring asymmetry between the two sides of the body in pathologic conditions. Step length is the distance between the feet in the direction of progression during one step. The stride period is defined as the time from an event of one foot until the recurrence of the same event for the same foot; initial contact to initial contact is used to define the stride period. Stride length is the distance between the same foot in the direction of progression during one stride. Left and right strides are equal in normal ambulation, but this might not be the case in pathology. The stride period is often time-normalized for the purpose of averaging gait parameters over several strides both between and within subjects (i.e., the absolute time is transformed to 100%). Cadence refers to the number of steps in a period of time (commonly expressed as steps per minute). The step length, step time, and cadence are fairly symmetric for both legs in normal individuals. These are all useful parameters when evaluating pathologic gait. The base of support refers to the lateral distance between the feet. This is usually measured as the perpendicular distance between the medial borders or centerlines of the left and right feet.









Gait Dysfunction


Because of the complex relationship of multiple body segments, it is difficult to clearly identify the primary cause and compensation (substitution) in a gait deviation. One approach is to look at the different phases of locomotion and identify factors that affect the particular expected functional component when attempting to understand pathologic gait. Following this functional approach, the stance phase dysfunctions can be categorized into three groups, as shown in Box 5-1.





Box 5-1 Stance Limb Problems






Ankle-Foot Instability






• Equinus



• Varus



• Equinovarus



• Valgus



• Equinovalgus



• Excessive dorsiflexion



• Toe curling



• Hallux hyperextension









Knee Instability






• Excessive flexion (buckling)



• Hyperextension



• Varus



• Valgus









Hip Instability






• Flexion



• Extension



• Adduction



• Abduction












Ankle-Foot Instability


The foot interaction with the ground is inadequate, interfering with its inherent weight-bearing function. This can be exemplified as an abnormal posture of the foot present in the form of equinus, equinovarus, ankle valgus with or without equinus, toe flexion, hallux extension (hitchhiker’s great toe),20 and/or excessive ankle dorsiflexion as seen with insufficient plantar flexor strength. Ankle-foot instability problems are commonly seen in the patient with neurologic sequelae after central nervous system injuries.









Knee Instability


This problem refers to flexion, hyperextension, varus, or valgus knee posture in the stance phase. In the sagittal plane, it can be a compensatory response to avoid limb instability such as that seen secondary to knee extensor or ankle plantar flexor weakness. Cases of excessive knee hyperextension, or valgus or varus knee, can also be the result of an inherently unstable joint. Problems with adducted hip and flexed hip or ankle equinus can also affect knee stability.









Hip Instability


Hip abductor or extensor weakness (i.e., Trendelenburg gait), or limited hip extension range of motion, characterizes this problem. Abnormal hip posture can also be a compensation for an abnormal base of support or knee instability. As an example, the patient with knee extensor weakness and an equinus deformity (which negatively affects balance) leans forward to improve or promote knee stability by moving the center of mass (CoM) anterior to the knee joint.


Swing phase deviations can be divided into impaired limb clearance and impaired limb advancement. Impaired limb clearance can result from a drop foot, stiff knee, limited hip flexion, excessive or untimely hip adduction, and/or pelvic drop. Impaired limb advancement can be the result of a flexed knee, limited hip flexion or contralateral extension, and adducted hips. Ultimately it is the interaction of a dynamic multijoint system that will determine the degree of gait impairment. Compensation for the lack of foot dorsiflexion during the swing phase can occur if the patient can generate a sufficient timely increase in hip and knee flexion during this phase of gait. If the patient has involvement of the hip or knee, or insufficient pelvic control, the foot will inevitably drag.












Quantitative Gait Analysis


Informal visual analysis of gait is routinely performed by clinicians and used as the basis to develop the initial questioning and examination of a patient (Table 5-1). This sometimes casual observation can be more useful, albeit with many limitations, if performed in a careful, systematic manner. This can be done using a simple form that guides the clinician on documenting the findings (Figure 5-3). This type of analysis can yield good descriptive information, especially when slow-motion video technology is used to supplement it. The complexity and speed of events that occur during walking, coupled with deviations and possible compensations that occur in pathologic gait, define the limitations of a visual-based qualitative analysis of locomotion.3 Fortunately there are a great many tools available to increase our ability to observe and quantify gait.


Table 5-1 Phases of the Gait Cycle


 

	Phase of Gait Cycle

	Description






	Stance Phase






	Initial contact

	The instant the foot contacts the ground






	Loading response

	From flat foot position until the opposite foot is off the ground for swing






	Midstance

	From the time the opposite foot is lifted until the ipsilateral tibia is vertical






	Terminal stance

	From heel rise until the opposite foot contacts the ground (contralateral initial contact)






	Preswing

	From initial contact of the opposite foot and ends with ipsilateral toe-off






	Swing Phase






	Initial swing

	Begins with lift-off of the foot from the floor and ends when the foot is aligned with the opposite foot






	Midswing

	Begins when the foot is aligned with the opposite foot and ends when the tibia is vertical






	Terminal swing

	Begins when the tibia is vertical and ends when the foot contacts the ground (initial contact)
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FIGURE 5-3 Sample form to systematize observational gait analysis findings. IC, Initial contact; LR, loading response; MSt, midstance; TSt, terminal stance; PSw, preswing; ISw, initial swing; MSw, midswing; TSw, terminal swing.




In the laboratory, gait can be studied through the collection of a wide range of information. Four primary components of quantitative gait analysis (Box 5-2) can be recorded:



1. Kinematics (analysis of motion and resulting temporal and stride measures)



2. Kinetics (analysis of forces that produce motion)



3. Poly-EMG or dynamic EMG (analysis of muscle activity)



4. Energetics (analysis of metabolic or mechanical energy)





Box 5-2 Components of Gait Analysis






• Video



• Kinematics



• Kinetics



• Dynamic polyelectromyography



• Energetics









Kinematics


Kinematic analysis refers to the patterns of motion and the resulting temporal and spatial parameters, regardless of what forces (external or internal) are required to produce those motions.






Temporal and Spatial Descriptive Measures


This is a relatively simple and integrated method of quantifying some useful gait parameters. Temporal-spatial footfall patterns are the end product of the total integrated locomotor movement. Because gait is periodic in nature, data from a single cycle, or better yet an average of several cycles, can be used to partially characterize a gait pattern. Measurement of basic temporal-spatial variables of stance and swing phases is often used. These data can be obtained by measuring the distances and timing that characterize the foot-floor contact patterns.


Available techniques include the simple use of ink and paper, foot switches, and instrumented walkways to the most sophisticated systems that require the patient to be instrumented (which can provide considerable additional data). One example of a system that requires no patient instrumentation is the Electronic Gait Mat II. This instrumented walkway measures 3.8 m in length and contains approximately 10,000 electronic switches, scanned at 100 Hz. Patients can use gait aids or shoes and braces, if necessary, as they walk over the mat, which ideally is mounted flush with the floor. A recording of foot contact generates a timed “electronic footprint.” A printout that provides calculated data about walking speed, cadence, stance, and swing times for each foot, as well as stride lengths, step lengths, and the width of the base of support, is generated.6,25 The data can be easily stored for future reference or to perform other data analysis.9 Comparing left- and right-side data from one subject can be used to determine the extent of unilateral impairment. Comparisons can also be made with normative gender, age, and walking speed–matched data. This allows inference of the level of dysfunction.









Motion Analysis


Motion analysis refers to a quantitative description of the motion of body segments. It is preferable to measure this in three dimensions, although for simplification it is sometimes done in two dimensions only. Simple techniques include the use of accelerometers and electrogoniometers. Most modern systems involve the use of specialized optoelectronic apparatus. For the optoelectronic system, passive or active optical sources (e.g., infrared-reflecting markers or self-powered light-emitting diodes, respectively) are attached to the subject and serve as markers. Calibrated cameras or detectors track each marker as it moves with the subject. When two or more cameras or detectors identify the same marker, three-dimensional coordinates can be generated by mathematic triangulation, in a manner similar to the way in which we see an object with both eyes to gauge its depth (the third dimension).


Video and passive optoelectronic systems use retroreflective markers applied to the subject. The markers are “illuminated” by an external power source and are tracked by the detectors (camera). Near-automatic marker identification and digitization are reliable if marker paths do not cross, as can usually be expected for standard marker placements in normal walking. However, conversion into quantitative data might require some manual intervention for marker identification in pathologic gait, where increased limb rotation, sudden motions, or crossover of segment paths can occur. Manual digitization and tracking of the raw data can be in some instances time-consuming and error-prone.4,6,22 With active optoelectronic systems, each marker is self-illuminated (hence the designation “active”). No postcollection marker identification is needed because time sequencing between marker illumination and detector reception uniquely identifies each light-emitting diode.6 Each marker is activated at a slightly different (in the order of microseconds) instant in time. Telemetry (via infrared transmitters) in newer active systems such as the CODA CX1 (Charnwood Dynamics Ltd, Rothely, England) has eliminated the use of “umbilical cords” to power each marker. Not having to manually identify or track markers, and the real-time nature of these systems are advantages over the passive marker systems.


Once the marker trajectories are available as three-dimensional data, they can be processed and displayed as a function of time or as a percent of the gait cycle (normalized). Joint angles, linear and angular velocities, and accelerations are some of the commonly calculated measures. When combined with anthropometric and kinetic (force) data, joint moments and powers, as well as mechanical energy, can be calculated. The physical meaning behind these quantities must be clearly understood if they are to provide any useful diagnostic information about the cause(s) of dysfunction.












Kinetics


Kinetic analysis deals with the forces that are produced during walking. Sir Isaac Newton described basic but critical concepts that are useful in understanding the effect of gravity on gait. He stated in his third law of motion that “for every action there is an equal and opposite reaction.” This concept indicates that, as long as gravity is present, there is a reaction force where the body interacts with the ground. The ground reaction force is a reflection of the body weight and acceleration. This force can be resolved into a convenient set of directions, such as vertical, anteroposterior, and mediolateral (Figure 5-4). The anteroposterior shear forces are sometimes referred to as propulsion and breaking forces, respectively. Friction is responsible for the generation of shear forces. A force plate is a “sophisticated scale” that can measure vertical (downward force similar to the body weight registered on a scale) as well as shear forces, which are those acting in the plane of the floor secondary to friction. Triaxial force plates measure the total force (a vector summation of all three components) acting on the center of pressure (a focal point under the foot at which the force is idealized to be concentrated). Preferably two platforms placed adjacent to each other are used, so that the total force under each foot can be recorded independently and simultaneously. In most instances the force platforms are placed in the midpoint of the walkway and concealed in the floor so that steady-state, natural walking parameters are measured. Together the forces in all three directions measured by the force plates comprise the total force.
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FIGURE 5-4 The effect of walking speed on force plate data (vertical, anteroposterior, and mediolateral at slow, normal, and fast walking speeds). As walking speed increases, the peak forces of all components become more pronounced. Note at the fast speed, vertical force peaks at 140% of body weight. The reaction forces are often time-normalized (transformed to a percentage of the stride or cycle time, as shown) or could be plotted as a function of absolute time (in seconds or milliseconds). For comparison across subjects, the measured ground reaction forces may be amplitude-normalized as well. In this case they may be reported as a percent of body mass or body weight.




An innovation, however, is that the force is superimposed in real-time as a visible line on a video image of the walking subject at the location at which the force acts. This is accomplished using laser optics5 or computer processing in a specialized system (Digital force, Bertec, Columbus, Ohio). This force line visualization system has a significant clinical utility because it provides visual information regarding the effects of gravity on joint rotation without the need to instrument the patient. In addition, it is simple to setup and has slow-motion video playback capabilities.


A force is transmitted from the floor to the foot, and it is literally “passed on up” to all other body segments. The product of the magnitude of the ground reaction force under each foot and its location with respect to a given joint center (ankle, knee, hip, etc.) are major factors that determine the torque or moments produced by the external force about that joint. This moment is a measure of the joint rotational tendency (flexion or extension, abduction or adduction, internal or external rotation) produced by the external force. Internal forces—generated primarily by muscles, ligaments, and the geometry of the joint articulation (bony contact)—act to control the rotation of the joints caused by this external force. For example, the ground reaction force, when positioned anterior to the knee (Figure 5-5), produces a moment that tends to drive the knee into extension, and must be countered and controlled by muscle force (knee flexors, extensors, etc.).
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FIGURE 5-5 Visualization of a ground reaction force that passes anterior to the knee joint, and its association with knee extension.




Other components that contribute to the total joint moment are the products of the accelerations and masses of individual lower limb segments. The product of force and distance and the product of mass and acceleration quantities comprise the total joint moment. The product of force and distance provides only an estimate of the total joint moment. The product of mass and acceleration (inertial effects) contributes a relatively small component to this total. Error caused by omitting inertial effects increases the further away the given joint is from the point of contact with the floor (1% at the ankle, 5% at the knee, 8% at the hip, and 14% at the trunk).


The relative motion of body segments produces forces that affect the motion of the entire body. This brings to light an important but not commonly considered concept (which is an area of research in a few laboratories): that the acceleration of each body segment affects the acceleration of all other segments in the body.27 A fairly involved engineering analysis is necessary to understand these interactions, but these effects should further our understanding of whole-body mechanics and ultimately have the potential to reshape some of the traditional lines of thinking in gait biomechanics.16


While force plates measure the sum or total force acting under the entire foot, it is sometimes useful to measure discrete components of that force acting over specific areas of the foot, or the distribution of pressure. Mathematically, pressure = force/area. A given force acting over an area produces larger pressures than the same force distributed over a large area. The pressure-time characteristics of the contact surface may have profound effects on the gait pattern. The forces generated at the point of contact with the floor can be measured with force platforms, as described above. Measuring the force distribution, for example, as it occurs inside the shoe, necessitates the use of devices that can be placed inside the footwear and in direct contact with the foot without disturbing the foot-shoe interface. Ultrathin Mylar pressure-resistive sensors and specialized software permit collection of multiple gait cycles. Analysis of these data is done by calibrated color pressure grids. Software allows evaluation of force and pressure, as well as integrals of these measures. These systems are produced by Tekscan in the United States and others in Europe and Japan, and are useful for this purpose. Floor-embedded pressure sensor mats are also available to measure discrete pressures (Figure 5-6). One disadvantage is that most systems allow the capture of only one step at a time, and frequent guidance to capture a complete step might be necessary because of the size of the mat sensor. Pressure measurement devices have clinical value particularly in the assessment of the deformed, insensate, or painful foot, and in the evaluation and fitting of customized foot or ankle-foot orthoses.
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FIGURE 5-6 Graphic map of foot pressures obtained by the F-scan system. The top image shows a two-dimensional map of pressure at the foot-shoe interface. Shade intensity (normally shown in color) indicates variations in pressure under the foot. The lower figure is a three-dimensional contour plot of the same foot shown in the top trace. Note the shade intensity pressure key to the right of the top figure. A horizontal line through the middle of the foot map (not shown) can track the path of the center of pressure as the subject moves over the foot in the stance phase.











Dynamic Polyelectromyography


In normal locomotion (Figure 5-7), forces are elicited from 28 muscles in each lower limb and muscles in the trunk and arms to carefully control the gravitational forces, yielding a smooth, coordinated, and energy-efficient movement pattern. Redundancy exists in the relationship between muscles and the joints on which they act; in other words, the association between a particular movement and the muscle forces producing the movement is not unique. The cause of a particular movement cannot be specifically assigned to a muscle based on the observed movement. Persons with spastic paraparesis secondary to brain or spinal cord injuries present the greater diagnostic challenge, because muscle function is disrupted at many levels and the overlay of spasticity or other phenomena common to the upper motor neuron syndrome often causes the clinical evaluation during an examination to differ significantly from the muscle pattern used during walking and standing.





[image: image]

FIGURE 5-7 Normal walking gait cycle terminology with selected lower limb electromyography representation. Human figures in the different phases of gait with superimposed primary gait muscles. Muscle shade intensity is roughly proportional to strength of muscle contraction.




The electrical activity of all the muscles (EMG) that are capable of producing the target movement—which is not limited to a muscle directly spanning a particular segment or joint—needs to be evaluated. EMG recordings provide information about the timing and duration of muscle activation, and under certain conditions, relative strength can also be ascertained. The EMG signal is an accurate indicator of muscle activation and can be used to infer neurologic control information. Superficial muscles are preferentially studied using surface bipolar electrodes secured to the skin with double-sided tape after the skin has been prepared. For deep muscles, or to differentiate between adjacent muscles when cross talk can be of concern, a pair of indwelling fine wire electrodes (Figure 5-8) are inserted through a 25-gauge hypodermic needle, which is immediately removed, leaving only the flexible wires behind. The thin wires measure 50 μm and are coated with Teflon or nylon except at the tips, where the muscle electrical potentials are recorded.
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FIGURE 5-8 A wire electromyography electrode. The needle shown is 25 gauge and 1.5 inches long. A standard surface electrode is shown for reference.




EMG patterns are highly sensitive to walking speed. It is incorrect and potentially misleading to compare the recording of a patient with a slow gait to that of an able-bodied control population walking at a higher speed with a natural cadence. In addition to timing, the amplitude of the EMG signal can provide valuable information for clinical decision making. A particular muscle might be overactive or underactive during a given portion of the cycle. Such deviations should be carefully correlated with patient kinematics. When interpreting dynamic EMG data, it is important to distinguish cause and effect.


Patient EMG profiles can be compared with the mean and standard deviations of tabulated normative data, if speed-matched, to identify how the timing deviates from the normal. The timing classification scheme for EMG activity shown in Table 5-2 was devised in an attempt to standardize terminology.15


Table 5-2 Classification of Dynamic Electromyographic Activity






	Class

	Definition






	1

	Premature






	2

	Premature prolonged






	3

	Out of phase






	4

	Normal














Energetics


Normal walking requires a relatively low level of metabolic energy consumption during steady state at comfortable walking speeds. Normal gait on level surfaces is most efficient at a walking speed of 1 to 1.3 m/s, which is equivalent to 60 to 80 m/min or 3 mph. Comfortable walking speed for an individual usually corresponds to minimum energy cost per unit distance. The CoM is a point where all the mass of the body is idealized to be concentrated. In a homogeneous object the CoM is simply the geometric center of the object. For a symmetric object, like a sphere or cube, the CoM is the center of the object. For the human body the CoM has been experimentally found to be located 2 cm in front of the second sacral vertebra (in anatomic position). It has a dynamic nature (meaning that its location changes as the orientation of the body changes) and under certain conditions may even be located outside the body. The position of the CoM is intimately related to the location of the ground reaction force; simply put, they move in tandem. During walking the CoM moves in a sinusoidal path with an average of 5 cm vertical and horizontal displacement. This displacement of the CoM requires work, which in turn has an energy cost. In fact, the six determinants of gait, as described by Saunders and Inman et al.22 (Box 5-3), were identified as the strategies necessary to produce forward progression with the least energy expenditure by minimizing the excursion of the CoM. While regarded as true and classic for many years, the effect of the determinants on energy expenditure during gait has come under closer scrutiny, and researchers have begun to challenge some of the original precepts.11,12,17,18





Box 5-3 Inman’s Six Determinants of Gait






1. Pelvic rotation in the horizontal plane: The swinging hip moves forward faster than the stance hip.



2. Pelvic tilt in the frontal plane: The pelvis on the side of the swinging leg is lowered; this is controlled by activity in the hip abductors of the stance limb.



3. Early knee flexion (15 degrees) during the first part of stance



4. Weight transfer from the heel to flat foot, associated with controlled plantar flexion during the first part of stance



5. Late knee flexion (30-40 degrees) during the last part of the stance phase



6. Lateral displacement of the pelvis toward the stance limb: The aim of this determinant is to reduce the displacement of the center of mass.





There is a link between motion of the CoM and energy expended during walking. Sudden acceleration or deceleration of the CoM will increase energy consumption. The three main events that consume energy during walking are controlled deceleration toward the end of swing phase, shock absorption at heel strike, and forward propulsion of the CoM at push-off. Running is more efficient than walking faster than 2 m/s. Walking on a 10% to 12% incline will double energy expenditure. Willis et al.26 proposed that human preferred walking velocity is determined in part by the metabolic control of skeletal muscle and coincides with the lower level at which carbohydrate oxidation occurs.


There are several methods of metabolic energy measurement. Indirect calorimetry, expired air collection, and heart rate monitoring are all useful techniques. This last method can be used to calculate the energy expenditure index by subtracting the resting heart rate from the walking heart rate and dividing by the walking speed. This technique can be prone to an error factor of 10% to 15% compared with the other methods, but is simple to perform.












Pathologic Gait


This section begins a clinically oriented look at gait disorders and methods to diagnose and treat them. In the beginning of this chapter, an anatomic approach was used to list the gait deviations. In this section we use a more functional and perhaps more useful method to describe the various gait deviations. Scenarios provided below illustrate some common problems with base of support, limb and trunk instability, and limb clearance and advancement. These scenarios outline possible biomechanical implications and manifestations of each disorder, and provide strategies to properly diagnose them. Biomechanical descriptions are often similar, if not identical, for different base-of-support problems, as well as those for other gait dysfunctions such as limb instability or impaired clearance. This suggests that biomechanics are not unique within a particular dysfunction or across dysfunction modalities. More importantly, this redundancy emphasizes the need to properly understand, diagnose, and treat first the primary cause of the overall gait problem. In some instances the additional abnormalities or deficiencies (compensations) in the gait pattern will remedy themselves or, often times, will at least change in character once the patient has had a chance to come to a new plateau. Remaining deficiencies in the gait pattern can be addressed using the same approach as suggested throughout this text.






Abnormal Base of Support


Base of support is presented first because it is literally the foundation on which a stable gait pattern is built. The base of support is critical to all aspects of gait, but particularly to safety and comfort. This is because it is the foot-floor interaction that transmits the entire weight of the body to the ground and consequently characterizes the ground reaction force interaction with the body. The rate and magnitude of the loading (i.e., the progressive increasing of force under the stance leg) and unloading (the gradual decreasing of force as the leg prepares for swing) responses are shaped in large part by the interaction of the foot or feet with the ground. In addition, the location and magnitude of the ground reaction force in relation to the joints—which ultimately largely determine the joint moments that the muscles will have to stabilize and counteract—are affected by this foot-ground interaction as well.






Equinus Foot Deformity


Equinus foot deformity is frequently seen after an upper or lower motor neuron injury. This deformity can also be the result of ankle immobilization, fractures, and surgery. The foot and ankle are in a toe-down and frequently a turned-in (varus) position; toe curling might coexist. In this pathologic gait, limb contact with the ground occurs first with the forefoot; weight is borne primarily on the anterior and lateral border of the foot and might be concentrated in the area of the fifth metatarsal, producing an antalgic gait. Toe flexion can be present, particularly in neurologic injuries or cases where a plantar flexion contracture is present. Limited ankle dorsiflexion during midstance prevents forward progression of the tibia over the stationary foot, increasing pressure over the metatarsals, promoting ankle instability, and causing compensatory knee hyperextension and trunk flexion. During the swing phase, sustained plantar flexion of the foot can result in a limb clearance problem unless proximal mechanisms of compensation such as increased hip and knee flexion are used.


A similar abnormal gait pattern can be seen in a patient using a prosthesis set in excessive plantar flexion or set anterior to the trochanter-knee-ankle line, or in a patient with articulated foot-limited dorsiflexion. An ankle-foot orthosis that limits dorsiflexion beyond 5 degrees of equinus can impose the same gait deviation (Figure 5-9).
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FIGURE 5-9 The effect of a plantar-flexed brace on the position of force line. Note the position of the ground reaction force, depicted by an arrow from the floor through the leg. (A) In the relatively dorsiflexed brace, the force vector passes slightly posterior to the knee joint center, indicating that the body must stabilize a knee flexion moment to maintain stability. (B) The brace is more plantar-flexed, and the force vector passes anterior to the knee joint, indicating that an extensor moment is now present at the knee. The brace can directly provide a force on the tibia and directly modify the knee moment.




Ankle equinus posture during late stance and preswing interferes with rollover, push-off, and forward propulsion. This can be seen in the configuration of the vertical and anteroposterior ground reaction forces.


Clinical examination, combined with kinetics, kinematics, and in appropriate cases dynamic EMG recordings, will help determine the cause of the deformity. Overactivation of ankle plantar flexors during swing and/or stance phase, or underactivation of ankle dorsiflexors during swing phase, can lead to inadequate position of the foot during the stance phase with reduced or inadequate ankle range of motion, and also may be reflected in abnormal power generation or absorption. When it is difficult to differentiate between the muscular contribution of tibialis anterior and tibialis posterior to a varus deformity, a diagnostic tibial nerve block with lidocaine (Xylocaine) can be performed. If the deformity is corrected, then the tibialis posterior is the offending muscle.


Following is a clinical case presentation to exemplify the use of the described methodology and technology for the evaluation of gait disorders and formulation of a treatment plan.






Clinical Case Presentation


The patient is a 52-year-old man who was involved in an automobile collision with a truck 26 months before evaluation. He sustained severe craniocerebral trauma with residual spastic right hemiparesis. No pelvic or lower limb fractures were evident. He currently complains of difficulty ambulating, with right ankle and knee pain aggravated by walking, as well as reduced balance. He drags his right toes against the ground when not paying attention to his walking, frequently tripping. He uses a molded right ankle–foot orthosis (plastic, moderate resistance set in neutral) and straight cane for walking outdoors; he walks without a cane at home. His medical history is noncontributory.






Clinical Features of Problem


The clinical features are as follows:



• Equinovarus right ankle–foot in terminal swing and stance phases



• Right knee hyperextension in stance phase



• Right stiff knee gait and occasional right toe drag



• Poor balance with unstable gait









Differential Diagnosis and Analysis


The differential diagnoses are: rule out ankle ligamentous instability or peripheral neuropathy, and rule out soft tissue contracture (static), dynamic deformity, or both.


If dynamic deformity is present, determine the specific muscle(s) causing the ankle-foot deformity (i.e., gastrocnemius, soleus, tibialis anterior, tibialis posterior, extensor hallucis longus, flexor digitorum longus, or peroneus longus).









Diagnostic Workup


In the examination the patient is an alert, pleasant, cooperative, moderately obese man who is in no acute distress. His body weight is 105 kg. Passive range of motion and manual muscle testing are as shown in Table 5-3.




Table 5-3 Clinical Case Presentation: Clinical Examination
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Expected Functional Penalties


These are as follows:



• Impaired right limb weight-bearing and right leg weight acceptance; decreased balance



• Increased right loading phase time and decreased unloading phase time



• Increased pressure over the lateral portion of the right foot, with decreased heel weight-bearing and resulting ankle inversion instability



• Right forefoot and ankle pain during the loading phase, prolonged right stance time, and shortened right step length



• Right genu recurvatum with pain and hip flexion during stance phase



• Impaired smooth, forward progression of the center of gravity, increased vertical displacement of center of gravity, functional leg length discrepancy (ankle equinus), and increased energy consumption









Instrumented Gait Analysis


Analysis includes the following:



• Video with slow motion and superimposed force line visualization



• Temporospatial parameters of locomotion



• Poly-EMG of gastrocnemius, soleus, tibialis anterior, tibialis posterior, extensor hallucis longus, flexor digitorum longus, and peroneus longus. We will not evaluate hip or knee muscles at this time to simplify the analysis.



• Kinematic data to quantify ankle equinus and varus, as well as the effect of this deformity on other joints and temporal-spatial parameters of locomotion



• Kinetic analysis to quantify joint moments and powers









Findings


Figure 5-10 summarizes the findings. Video frame-by-frame analysis demonstrates evidence of abnormal right ankle–foot posture, with equinus, varus, and toe flexion in swing phase. Ankle equinus and varus as well as toe curling are evident in stance phase. Abnormal force line location in front of the right knee is noted.
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FIGURE 5-10 Patient data generated by CODA CX1.




Kinematic data demonstrate limitation in right hip range of motion. The right hip is abducted and slightly externally rotated. The right knee demonstrates reduced flexion in swing phase with valgus in late stance phase. Increased internal rotation of the knee is evident. The right ankle demonstrates marked increased inversion and limited dorsiflexion. Slight limitation in left ankle dorsiflexion is also evident. Other parameters appear to be within normal limits. Kinetic data demonstrate reduction in the right hip and knee extensor moment, and reduced power generation. The right ankle also demonstrates reduction in power generation.


Poly-EMG demonstrates the gastrocnemius more than soleus to have abnormal activation (out of phase) in swing phase and premature activation in stance phase. The peroneus longus has premature prolonged activation in stance, with abnormal activity in swing phase—likely a compensation in an attempt to stabilize ankle posture.


The tibialis posterior demonstrates no significantly abnormal activation in swing phase but appears to activate prematurely in stance phase. The tibialis anterior demonstrates premature activation in swing phase and abnormal activation in late stance phase. This muscle appears to be the primary cause of ankle inversion during swing phase.


The flexor digitorum longus demonstrates increased activation in stance phase. The extensor hallucis longus demonstrates increased activation in swing phase and abnormal low-level activation in stance phase, likely to supplement tibialis anterior and/or because of spastic response.









Impression


The right equinus posture appears to be caused by overactivation of the gastrocnemius more than the soleus. The ankle varus results from out-of-phase activation of the extensor hallucis longus and tibialis anterior. No abnormal activation of the tibialis posterior is evident in the swing phase of this evaluation. The reduction in right hip, knee, and ankle power is probably related to the abnormal ankle-foot posture. Spastic right “stiff knee” cannot be ruled out. There is no evidence of right knee hyperextension on the kinematic data, but this may be related to mechanical joint limitation in extension (see earlier discussion). Stretching of hamstrings during stance might be the cause of his knee pain, while high force concentration over the forefoot might be the cause of his foot-ankle pain.









Possible Treatment Interventions


The clinician should obtain radiographs of the right knee to rule out bony block or joint problems.


Consider the use of botulinum toxin type A or other focal antispasticity intervention to the right ankle plantar flexors (gastrocnemius more than soleus) and extensor hallucis longus. A small dose to the tibialis anterior can be considered, followed by rehabilitation interventions to stretch the Achilles tendon and strengthen the ankle dorsiflexors, as well as for gait retraining.


Because botulinum toxin type A requires repeated injections and the patient is more than 2 years postinjury, surgical intervention in the form of Achilles tendon lengthening, split tibialis anterior tendon transfer, and myotendinous lengthening of the extensor hallucis longus can be considered. To supplement the weak ankle plantar flexors and avoid toe curling when the ankle dorsiflexion range of motion is increased, a release and transfer of the long toe flexors to the os calcis can be considered.14


Rehabilitation interventions to strengthen the ankle plantar flexors and dorsiflexors are appropriate. Gait retraining followed by reevaluation for stiff knee is recommended if gait deviation continues.















Equinovalgus Foot


The equinovalgus foot can be caused by a number of different problems, including limited ankle dorsiflexion, particularly in the child or young adult in whom the subtalar joint can accommodate limited dorsiflexion with valgus posture. Upper or lower motor neuron injury, bony and ligamentous injuries, surgery, and prolonged immobilization with loss of ankle range of motion can all contribute to this deformity. During gait, contact with the ground occurs with the forefoot, and weight is borne primarily on the medial aspect of the foot. This position is maintained or worsened during the stance phase and interferes with weight-bearing. Antalgic gait can be present if the navicular bone is overloaded. During the swing phase, sustained plantar flexion of the foot may result in a limb clearance problem unless proximal mechanisms of compensation such as increased hip and knee flexion are used.


Combined with clinical and radiographic examination, dynamic EMG recordings provide greater detail in understanding the cause of the deformity. If the deformity is muscular in nature and due to an upper motor neuron injury, it can be difficult to differentiate between the valgus contribution of peroneus longus and peroneus brevis; for this, a diagnostic lidocaine motor point block to one of them could be performed. If the deformity is not amenable to correction, an accommodative approach can be considered. This would require a modified shoe with a heel lift and a longitudinal arch support.









Flexion Deformity of the Toes


The toes may be held in flexion during the swing and stance phases. When wearing shoes, the patient complains of pain at the tip of the toes and also over the dorsum of the phalangeal joints, which is worsened by weight-bearing. Callus formation in these areas is frequently seen. The gait pattern will demonstrate gradual loading of the affected limb and shortening of the step length and stance time. Likely causes are neurologic injuries, complex regional pain syndrome prolonged immobilization, and contractures. Clinical examination combined with kinetics and dynamic EMG recordings can be helpful in sorting out the cause of the deformity. In patients with spasticity, the recordings likely will demonstrate prolonged or out-of-phase activation of the flexor digitorum longus and flexor hallucis longus, and can demonstrate abnormal coactivation of the gastrocnemius-soleus or lack of activation of the toe extensors.









Hitchhiker’s Great Toe


This deformity is a notable problem in patients with upper motor neuron problems. The great toe is held in extension during stance and frequently during swing phases. Equinus and varus posture of the ankle might accompany this deformity. When wearing shoes, the patient frequently complains of pain at the dorsum and the tip of the big toe and can have trophic changes of the nail caused by repeated trauma against the shoe toe box. During gait, big toe extension can interfere with the weight-bearing phase of locomotion, with the patient complaining of pain under the first metatarsal head. Overactivation of the extensor hallucis longus and reduction or lack of activation of the flexor hallucis longus frequently contribute to this deformity. Joint degenerative changes can also be the cause. Clinical examination, in combination with dynamic EMG recordings, is helpful to determine the source of the deformity and whether it is obligatory or compensatory in nature.












Joint Instability






Ankle Instability


This deviation results from excessive untimely forward progression of the tibia in midstance to late stance phase. This is usually the result of insufficient calf musculature strength, which is intended to provide control to the forward progression of the tibia over the stationary foot. Manual muscle testing of the ankle plantar flexors can be performed by having patients walk on their toes or with single leg toe raises. Obtaining kinetic, kinematic data, and dynamic EMG recordings might be necessary to understand the biomechanical causes of the problem.









Knee Instability


Knee instability refers to either knee buckling or hyperextension, and can occur when the expected knee flexion of the early stance phase is combined with quadriceps weakness, as can be seen in persons with lower motor neuron syndrome, knee extensor weakness, quadriceps tendon rupture, or cruciate ligament tear. It can also be observed in the early phase of recovery after upper motor neuron injury, when flaccidity and weakness affect the involved limb. A knee flexion deformity would further complicate this problem. If knee buckling occurs, the patient can require the use of the upper extremity for support. The patient may not produce the normally expected full knee extension in late swing phase and/or stance phase, further compromising limb stability. Bilateral knee and hip flexion might be present, which can result in a crouched gait as seen in some patients with spastic diplegia. This results in a marked increase in energy consumption, muscle fatigue, and joint pain. The lack of full knee extension in terminal swing limits limb advancement and reduces step length.


Knee hyperextension can be a compensation for knee extensor weakness during stance phase. Knee hyperextension can also be present in this phase of gait as a result of an ankle plantar flexion contracture, or spastic ankle equinus produced by increased activity of the gastrocnemius-soleus group. Marked weakness of the ankle plantar flexor muscle group can produce a “drop-off” gait, for which the patient might compensate through knee hyperextension in an attempt to prevent sudden knee flexion. Spasticity of the knee extensors and forward trunk flexion can be another cause for knee hyperextension during the stance phase.









Hip Instability


Excessive hip flexion during stance phase is a less common gait deviation. This deformity is characterized by sustained hip flexion that interferes with limb positioning during gait. During the stance phase, unilateral excessive hip flexion interferes with contralateral limb advancement and results in a shortened step length. Possible causes include degenerative changes of the hip joint and lumbosacral spine, bony deformities such as heterotopic ossification, knee extensor weakness and ankle plantar flexor posture, hip flexion contractures, and flexor spasticity.


Hip adduction can occur during the swing phase, and this can interfere with limb clearance and advancement. During stance phase this deviation results in a narrow base of support, with potential balance impairment. Because many patients can compensate for hip flexion weakness by using the hip adductors to advance the limb during the swing phase, the clinician needs to be certain that reducing or eliminating hip adductor activity will not interfere with hip flexion, which can compromise limb advancement, increase the effort required to walk, or even render the patient nonambulatory. Dynamic poly-EMG of the hip flexors, adductors, and abductors, and in some patients a temporary diagnostic obturator nerve block, can provide critical information in this regard. Severe hip adduction can interfere with a patient’s hygiene, dressing, toileting, and sexuality in addition to imposing a gait problem. In the pediatric population it can promote hip subluxation, a problem that must be avoided.









Trunk Instability


Trunk instability refers to an abnormal anterior or lateral lean of the trunk during walking, when it is normally mostly upright. Trunk instability can result from hip extensor weakness, limited hip extension, compensation for knee extensor weakness and ankle plantar flexor posture, and hip flexor spasticity. Hip hiking and contralateral trunk lean can be used to compensate for decreased limb advancement and swing phase clearance problems.












Limb Clearance and Advancement


Limb clearance and advancement occur during the swing phase of gait and are vital precursors for proper limb positioning in order for the leg to accept the body weight during the ensuing stance. When limb clearance is inadequate, limb advancement is usually compromised. Impaired limb clearance may cause a patient to trip and fall, particularly when walking on uneven, inclined, or carpeted surfaces or when transitions in flooring surface take place. Reduction of limb advancement produces shortening of step length and reduction in walking speed.






Stiff Knee Gait


Stiff knee gait is most commonly seen in the patient with spastic hemiplegia. The use of a locked knee prosthesis for the transfemoral amputee, or a locked knee brace in a patient who requires an orthosis that encompasses the knee, can be the cause of this gait deviation. Other pathologic conditions, such as degenerative joint diseases of the knee or a failed joint replacement, can reduce the arc of motion of the joint. In stiff knee gait the knee and hip maintain an extended attitude in the swing phase instead of flexing up to the average normal of 60 degrees for the knee and 30 degrees for the hip. Even if the ankle-foot system has an appropriate dorsiflexed position, the lack of adequate limb clearance can result in a foot drag. At times, only a mild reduction in the range of motion for the knee and hip might be present, but it can be delayed in relationship to the gait cycle. The patient’s inability to flex the knee in an appropriate manner results in an increased moment of inertia, which requires more hip flexor muscle activity to advance the leg during the swing phase. The patient will likely use compensatory mechanisms for limb clearance; these can include trunk and ipsilateral hip mechanisms. Contralateral limb compensatory motions such as vaulting (early heel rise) might also be present, with high energetic cost.









Excessive Pelvic Obliquity (Pelvic Drop)


Increased hip adduction can interfere with limb advancement by contacting the contralateral stance leg. In contrast to ipsilateral swing phase hip adductor activity, overactive stance phase hip abductor weakness can compromise limb clearance and advancement as well. Normally hip abductors help to counter gravity’s pull in the swing side pelvis by producing an abductor moment to help keep the pelvis relatively level. Weakness can allow the pelvis to sag (more obliquity). Imbalance of the abductor and adductor muscle groups is the main cause. Because many hemiplegic patients use the hip adductors to compensate for reduced hip flexion in limb advancement, the clinician needs to be certain that elimination or reduction of adductor activities does not render the patient nonambulatory.









Inadequate Hip Flexion


Inadequate hip flexion is another cause of abnormal limb clearance. This problem effectively prevents physiologic “shortening” of the limb, producing a swing phase toe drag or early foot contact. The use of compensatory techniques, such as hip external rotation or circumduction, to promote the use of the adductors to advance the limb should be attempted. The use of a shoe lift to cause functional lengthening of the contralateral limb can also be attempted.









Drop Foot


Drop foot refers to the lack of ankle dorsiflexion during the swing phase. This can result in impairment of limb clearance unless appropriate compensation is afforded by other anatomic segments, such as the knee and hip (steppage gait), or by the contralateral limb (vaulting). The common cause of this problem is lack of activation of the tibialis anterior. This can be secondary to a peroneal nerve injury, radiculopathy, loss of strength such as that seen with residual of polio, spastic imbalance between ankle plantar flexors and dorsiflexors, or out-of-phase activation of the tibialis anterior.















Summary


Gait analysis should be seen as a key adjuvant to clinical examination and other appropriate diagnostic studies in the management of walking and mobility-related problems. When used appropriately by a clinician who can adequately interpret the data, these tools and methodologies can provide direct evidence of cause and effect in an otherwise redundant human physiologic system that can produce a deformity or deviation based on many different muscle-joint interactions or adaptive mechanisms. Gait analysis can also help differentiate primary problems from those that might be compensatory in nature. Gait analysis should be seen as a necessary diagnostic test to guide the development of a rational treatment intervention strategy in patients with moderate to severe gait dysfunction, particularly when surgery is to be considered, and as a helpful aid in those patients with lesser problems. Computerized gait analysis also can be used as an outcome assessment tool to determine the effects of therapeutic interventions or to assess the progression of conditions affecting gait. Interventions that can be used to address gait dysfunctions include the prescription of therapeutic exercises, use of orthotic devices and their alignment optimization, use of pharmacology (systemic, local, or intrathecal), prosthetic alignment optimization, and surgical planning. A clinical case presentation has been included to illustrate the use of gait analysis in one particular gait problem. A clear understanding of the biomechanics of normal locomotion, pathologic gait, and the potential pitfalls of gait analysis is necessary to appropriately use this technique for the benefit of our patients.








References





1. Bampton S. A guide to the visual examination of pathological gait. Philadelphia: Temple University–Moss Rehabilitation Hospital; 1979.


2. Bernstein N: The technique of the study of movements. In: Slonim A, editor: Textbook of the physiology of work, Moscow, 1934.


3. Cappozzo A. Gait analysis methodology. Hum Mov Sci. 1984;3:27-50.


4. Chiari L., Della Croce U., Leardini A. et al: Human movement analysis using stereophotogrammety. II. Instrumental errors. Gait Posture. 2005;21(2):197-211.


5. Cook T.M., Cozzens B.A., Kenosian H. A technique for force-line visualization. Philadelphia: Moss Rehabilitation Hospital; 1979.


6. Esquenazi A., Hirai B. Assessment of gait and orthotic prescription. Phys Med Rehabil Clin N Am. 1991;2:473-485.


7. Esquenazi A., Keenan M. Gait analysis. In Gans B., editor: Rehabilitation medicine: principles and practice, ed 2, Philadelphia: Lippincott, 1993.


8. Esquenazi A., Mayer N. Instrumented assessment of muscle overactivity and spasticity with dynamic polyelectromyographic and motion analysis for treatment planning. Am J Phys Med Rehabil. 2004;83(suppl 10):S19-S29.


9. Esquenazi A., Talaty M. Normal and pathological gait analysis. In: Lehmkuhl L.D., editor. Physical medicine and rehabilitation: the complete approach. Malden: Blackwell Science, 2000.


10. Fuller D.A., Keenan M.A., Esquenazi A., et al. The impact of instrumented gait analysis on surgical planning: treatment of spastic equinovarus deformity of the foot and ankle. Foot Ankle Int. 2002;22(8):738-743.


11. Gard S., Childress D. The effect of pelvic list on the vertical displacement of the trunk during normal walking. Gait Posture. 1997;5:233-238.


12. Gard S., Childress D. The influence of stance-phase knee flexion on the vertical displacement of the trunk during normal walking. Arch Phys Med Rehabil. 1999;80:26-32.


13. Inman V., Ralston H., Todd F. Human walking. Baltimore: Williams & Wilkins; 1981.


14. Keenan M.A., Lee G.A., Tuckman S.A., et al. Improving calf muscle strength in patients with spastic equinovarus deformity by transfer of the long toe flexors to the os calcis. J Head Trauma Rehabil. 1999;14(2):163-175.


15. Keenan M.A.E., Haider T., Stone L.R. Dynamic electromyography to assess elbow spasticity. J Hand Surg [AM]. 1990;15:607-614.


16. Kepple T.M., Siegel K.L., Stanhope S.J. Relative contributions of the lower extremity joint moments to forward progression and support during gait. Gait Posture. 1997;6:1-8.


17. Kerrigan D., Della Croce U., Marciello M., et al. A refined view of the determinants of gait: significance of heel rise. Arch Phys Med Rehabil. 2000;81:1077-1080.


18. Kerrigan D., Riley P., Lelas J., et al. Quantification of pelvic rotation as a determinant of gait. Arch Phys Med Rehabil. 2001;82:217-220.


19. Marey E: La methode graphique dans les sciences experimentales et particularierement en physiologie et en medicine. In: Masson G, editor: Deuxieme tirage augmente d’un supplement sur le development de le methode graphique par l’emploi de la photographie, Paris, 1885.


20. Mayer N., Esquenazi A., Keenan M.A.E. Assessing and treating muscle overactivity in the upper motor neuron syndrome. In: Zasler N., Katz D., Zafonte R., editors. Brain injury medicine principles and practice. New York: Demos, 2006.


21. Muybridge E. Animal locomotion: an electro-photographic investigation of consecutive phases of animal movements. Philadelphia: University of Pennsylvania; 1887.


22. Rowell D., Mann R. Human movement analysis. Soma. 1989;3:13-20.


23. Saunders J.B., Inman V.T., Eberhart H.D. The major determinants in normal and pathological gait. J Bone Joint Surg Am. 1953;35:544-553.


24. Schwartz R., Heath A., Misiek W., et al. Kinetics of human gait: the making and interpretation of electrobasographic records of gait. J Bone Joint Surg. 1934;16:343-350.


25. Taylor D: An instrumented gait mat. The International Conference on Rehabilitation Engineering, Toronto; 1980.


26. Willis W., Ganley K., Herman R. Fuel oxidation during human walking. Metabolism. 2005;54(6):793-799.


27. Zajac F.E., Gordon M.E. Determining muscle’s force and action in multi-articular movement. Exerc Sport Sci Rev. 1989;17:187-230.
















Chapter 6 Impairment Rating and Disability Determination




Richard E. Seroussi, James P. Robinson





This chapter includes a brief introduction to the latest (sixth) edition to the American Medical Association (AMA) Guides to the Evaluation of Permanent Impairment,48 a reference text that can be likened to an updated tax code for impairment rating. The sixth edition chief editor is Robert D. Rondinelli, a physiatrist. In contrast to previous editions of the AMA Guides, it is fortunate that the sixth edition moves toward a more functional view of impairment rating.


This chapter provides basic information about disability and impairment evaluations. It covers four main topics:



1. The types of agencies that administer impairment and disability programs



2. The concepts central to this area of medicine



3. The physician’s role in performing these evaluations



4. Practical strategies for disability evaluation


While physicians of many different specialties are actively involved in disability and impairment evaluation, physiatrists have skills that are central to understanding disability and impairment evaluation. The physiatric emphasis on assessing and restoring function among the severely ill or injured provides a key component of what is typically needed by agencies requesting disability evaluations.


This chapter is not intended to be used to determine impairment or disability for a specific patient. The reader is referred in this regard to the AMA Guides,48 which outlines a method for rating impairment for virtually every organ system. In practical terms, however, most impairment and disability evaluations focus on musculoskeletal disorders.






Disability Agencies


During the past 100 years, the informal assistance within communities to help those with disabilities has been supplemented or replaced by formal disability programs. To receive benefits, an individual having a medical problem must submit an application to an agency that administers a disability program. Adjudicators from the agency then determine whether the applicant meets the eligibility criteria for benefits. To make this determination, the adjudicators typically request medical information from the applicant’s treating physicians. Physiatrists in particular are drawn into the disability determination process because they often treat patients with severe neurologic and/or musculoskeletal conditions. Disability and impairment systems include the Social Security Administration (SSA), workers’ compensation, the Veterans Administration (VA), and private disability insurance programs.


Impairment and disability are not absolutely defined and rated within a single system but are dependent on particular administrative systems. For example, workers’ compensation systems in the United States are no-fault insurance programs that are regulated at the state level and vary considerably from one state to another. Coverage is available for workers who have documented occupational injuries or “occupational exposures” (such as cumulative trauma disorders). Benefits can include medical care, time-loss benefit payments, vocational retraining if needed, and payment for impairment at the time of claim closure.


Assessment of impairment or disability must be done within the guidelines of an individual system. The term disability agency is used in this chapter to refer to any organization that evaluates disability applications or dispenses disability benefits.


Private disability agencies might award claimants who are no longer able to perform within their profession, but they might require that the claimant be unemployable in other professions as well. There is often a requirement of continuous disability of at least 6 months, and there can be an additional requirement that the claimant apply for and be eligible for Social Security Disability.


The SSA has its own set of guidelines for determining disability. If claimants are found eligible, they are awarded disability payments on an ongoing basis, as well as eligibility for Medicare or Medicaid. For claimants to be considered eligible for Social Security, they must be totally disabled from any gainful employment, and they must have an impairment that is considered “disabling” and likely to last or have lasted at least 12 months.


The VA has its own disability benefits program, described as follows:





Disability compensation is a monetary benefit paid to veterans who are disabled by an injury or disease that was incurred or aggravated during active military service. These disabilities are considered to be service-connected. Disability compensation varies with the degree of disability and the number of veteran’s dependents, and is paid monthly.60












Definitions: Disability and Impairment






Social Security Administration


Agencies have different definitions of disability. For example, the SSA defines disability as “the inability to engage in any substantial gainful activity … by reason of any medically determinable physical or mental impairment that can be expected to result in death or that has lasted or can be expected to last for a continuous period of not less than 12 months.”56 To determine work disability, the SSA uses a sequential evaluation process that focuses on applicants’ diagnoses, not their functional abilities. Although the SSA’s five-step process assesses earnings and impairment severity, it is not until late in the process that functional capacity is assessed. An applicant may appeal an unfavorable disability determination, which can markedly extend processing time. Unlike the VA, the SSA does not award benefits for “partial disability.”


The SSA disability programs influence the lives of millions of adults and children. As growing numbers of applicants apply for benefits, the agency is being pressured to meet very high demands. To improve the SSA’s determination process, an increased consideration of functional ability is likely needed.









AMA Guides, Sixth Edition


The latest edition of the AMA Guides48 uses as its foundation the World Health Organization model of disablement. This model is called the International Classification of Functioning, Disability, and Health (ICF) and is illustrated in Figure 6-1. There are three key inputs to the ICF model determining disability, paraphrased here from the AMA Guides48:



1. Body functions and body structures: These can vary from the normal state, and these losses are called impairments.




2. Activity: Task execution by the individual. Activity limitations are difficulties with carrying out such activities.



3. Participation: Involvement in life situations. Participation restrictions are barriers from such involvement.


Note that body functions are physiologic—for example, the ability of the upper limb to generate accurate motion and strength. Body structures are anatomic—for example, the upper limb itself. Either or both can be compromised to produce impairment. The inability to carry out tasks, such as not being able to comb one’s hair, is an activity limitation. The inability to be involved in a typical life situation, such as being gainfully employed and interacting with one’s peers, is a participation restriction. Note that there is not a necessary correlation between activity limitation and participation restriction.
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FIGURE 6-1 The World Health Organization ICF Model of Disablement.


(Redrawn from Rondinelli RD, editor: Guides to the evaluation of permanent impairment, ed 6, Chicago, 2008, American Medical Association Press.)





In the ICF model, there is no linear progression from pathology to impairment to disability and to participation restriction. The AMA Guides justifies the use of the ICF model as follows48:





The ICF model appears to be the best model for the Guides. It acknowledges the complex and dynamic interactions between an individual with a given health condition, the environment, and personal factors. The relationships between impairment, activity limitations, and participation are not assumed to be linear or unidirectional. An individual may experience measurable impairment without significant activity limitations that do not produce restrictions to major life activities such as work or recreation. On the other hand, one can experience significant activity limitations and/or participation restrictions in the absence of demonstrable impairment.





The reader should note that this framework for distinguishing impairment from disability is natural for the physiatrist. As medical professionals, physiatrists have core training in diagnosing and treating loss of body function and structure, but they also ask about the ability of patients to control their environment. Specifically, physiatrists focus on mobility deficits, including ambulation and transfers, and on activities of daily living (ADLs), including instrumental ADLs. Using the ICF framework, the AMA Guides defines impairment and disability as follows:





Impairment: A significant deviation, loss, or loss of use of any body structure or body function in an individual with a health condition, disorder, or disease.








Disability: Activity limitations and/or participation restrictions in an individual with a health condition, disorder, or disease.





Impairment rating within the latest AMA Guides10 has more weight given to loss of function in the determination of impairment rating. This is defined as a “consensus-derived percentage estimate of loss of activity reflecting severity for a given health condition, and degree of associated limitations in terms of ADLs [italics added].”


This chapter is not meant to provide the reader with the necessary skills to do actual impairment ratings, which can be fairly complex and detailed. However, a brief sketch of the approach to impairment rating based on the latest AMA Guides is given here48:



• There are four impairment criteria defined within the AMA Guides, with some clarification given for each criterion:


1. History of clinical presentation (the overall clinical diagnosis)



2. Physical examination (physical examination findings at the time of impairment rating)



3. Clinical studies and objective tests (e.g., imaging studies, blood work, and electrodiagnostic studies)



4. Functional assessment or history (self-reported ability to function from the patient, with a functional assessment scale preferably used such as the Pain Disability Questionnaire)






• The first task of an examiner is to assign a claimant to an impairment class on the basis of the above kinds of data. An impairment class broadly brackets the percentage impairment that the claimant might be awarded. For most conditions, the classes are as follows:


• Class 0: No objective problem



• Class 1: Mild problem



• Class 2: Moderate problem



• Class 3: Severe problem



• Class 4: Very severe problem






• In assigning a claimant to an impairment class, the physician relies upon a “key factor,” one of the four impairment criteria listed above. Typically the key factor leading to a claimant’s assignment to a particular class is the diagnosis (i.e., history of clinical presentation). However, a different key factor, such as diagnostic testing for cardiac conditions, might be relied upon for different organ systems. Each impairment class is associated with a range of possible whole-person impairment percentages.



• To arrive at a precise percentage of whole-person impairment, the examiner fine tunes the impairment rating by assigning an impairment grade within the assigned class. Grades range from A (when claimants are substantially less impaired than most people in their impairment class) to C (when the degree of impairment of claimants is average for people with their impairment grade) to E (when claimants are substantially more impaired than most people in their impairment class). The “default grade” is C; this is the grade that an examining physician should assign when there is no compelling evidence to support a higher or lower grade.



• To determine a claimant’s impairment grade, the examiner relies upon the “non–key factor” impairment criteria. Given that the key factor is generally the diagnosis (history of clinical presentation), these other criteria are physical examination findings, clinical studies, and functional history. If these impairment criteria suggest more severe impairment than the class chosen by use of the key factor, the examiner cannot change the chosen class; however, the examiner can choose a higher grade within the class (i.e., grade D or E), resulting in a relatively higher whole-person impairment. In the example of a cervical spine impairment rating for intervertebral disk herniation or documented alteration of motion segment integrity (AOMSI), there are five impairment classes (Table 6-1).



• Class 2 for the cervical spine example given here is for “intervertebral disk herniation and/or AOMSI at a single level with medically documented findings; with or without surgery AND with documented radiculopathy at the clinically appropriate level present at the time of examination.”



• More severe related cervical spine disorders are rated class 3 or 4 (e.g., multilevel active radiculopathy), and less severe cervical spine disorders are given class 0 or 1 (e.g., resolution of radiculopathy).




Table 6-1 Simplification of AMA Guide’s Cervical Spine Regional Grid for Impairment Rating
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Note that there is a new emphasis on functional history with this edition of the AMA Guides. Loss of function is assessed in part by self-report measures that claimants may fill out at the time of their impairment evaluations. Different measures are used for different kinds of disorders; for example, the QuickDASH is used for disorders of the hand, while the Pain Disability Questionnaire is used for evaluating functional limitations involving the spine. The important general point is that impairment ratings in the AMA Guides sixth edition incorporate subjective information from claimants about their burden of illness. The significance of this change in the Guides is modest, however, because functional history plays a relatively minor role, modulating the grade within a given class. The primary emphasis in the Guides continues to be on objective findings rather than subjective history in the impairment rating process.









Further Thoughts on Impairment Versus Disability


Disability agencies typically assume a strong linkage between impairment and disability and assume that impairment is a necessary condition for disability. The logic underlying this requirement is straightforward. Disability programs are designed to assist individuals who are unable to compete in the workplace because of a medical condition. In essence, disability programs attempt to partition individuals who fail in the workplace into two broad groups: those who fail because of a medical condition, and those who fail for other nonmedical reasons. There are many potential nonmedical reasons, including a lack of demand for their skills or a lack of motivation. Disability programs require evidence that applicants have a medical problem underlying their workplace absence. Impairment provides the needed evidence, because it can be viewed as a marker that individuals have a medical problem that diminishes their capability. Conversely, if individuals have no identifiable impairment, they are assumed to have no workplace limitations caused by a medical condition.


Disability agencies typically assume that the severity of patients’ impairments correlates with the degree and/or probability of their being disabled from work. Even when an agency compensates for work disability and not for impairment, it will often seek information about a patient’s impairment to rationalize its decision about whether to award disability benefits. As will be discussed, the assumption that increasing impairment leads to increased disability can be challenged when quantifying impairment. Certainly the linear correlation between the level of disability and impairment is often absent. Physiatrists should educate others, including case managers, physicians, and attorneys when applicable, about these imperfections.


Whereas it is possible to distinguish conceptually between impairment and disability, the distinction is not always clear in many practical situations. For example, the notion of a measurably dysfunctional organ does not readily apply to psychiatric impairments. Although the distinction between impairment and disability is easy to make in some medical conditions, it is difficult to make in others.


Another problem is that the correlation between severity of impairment and severity of disability is far from perfect, as illustrated in the following examples:



• A patient might have serious impairment yet very little apparent vocational disability. A striking example is that of the world-famous physics professor, Dr. Stephen Hawking. He is incapacitated from the most basic ADLs because of motor neuron disease, and would qualify for a very high total body impairment according to the AMA Guides. However, he is not work disabled. In fact, he has remained active as a theoretic physicist of international acclaim well beyond the onset of motor neuron disease in his 20s. Within the ICF framework, Dr. Hawking would have almost complete activity limitations, but notably fewer work-related participation restrictions.



• A patient might have a very mild ratable impairment, as measured through the AMA Guides, from a lumbar or cervical facet injury as a result of a motor vehicle crash. However, such an injury can cause devastating vocational consequences if the patient has a job that requires constant heavy physical labor. Such a patient might even be rated as having “no impairment” according to some examiners, because of a lack of a demonstrable disk herniation with advanced imaging or a lack of radicular findings on examination, or both. When subjected to a functional capacity evaluation, the patient might be shown to be truly incapable of doing heavy physical labor. Consequently, such a patient could be considered 100% disabled from such labor and yet might have little or no ratable impairment according to some examiners’ interpretations of impairment rating guidelines.



• A patient might have had a demonstrable disk herniation with radiculopathy and responded well to spinal surgery. According to both the AMA Guides and a number of workers’ compensation guidelines, this patient would have significant whole-body impairment. Despite this impressive level of impairment, this patient might have little or no disability in terms of work role and ADLs.



• As a final example, the patient could have a well-defined impairment—amputation of the fifth digit of the nondominant hand. This type of amputation is very well described in the AMA Guides, but the patient’s disability, if any, will be strongly dependent on the patient’s profession. If the patient were a concert pianist, the disability might be 100%. If the patient were a psychiatrist, there would likely be no disability. If the patient were a construction worker, the disability would likely be minimal, mild, or possibly moderate, depending on the individual tasks that had to be performed.












Roles of Physicians in Disability Evaluation


Some physicians become expert in disability evaluation and make disability evaluation a central part of their clinical practices. Some function as consultants to other physicians when they perform disability evaluations. Other physicians with an interest in disability evaluation perform independent medical examinations (IMEs) that are commissioned by insurance carriers, disability agencies, or attorneys. Still others work as employees of disability agencies or insurance companies. As part of this work, they might perform disability evaluations by directly examining claimants. More typically, however, such consultants play a variety of indirect roles—for example, advising claims managers when to order IMEs, or reviewing IMEs that have been performed.


Many physicians do not seek opportunities to perform disability evaluations because they are uncomfortable evaluating disability in patients whom they are treating. They correctly perceive that the process of disability evaluation places a physician between the interests of the patient and those of an insurance company or disability agency. In the best of circumstances, this can seem to the physician like trying to fit a round peg into a square hole, because the categories of disability established by such agencies often do not match the clinical realities of patients.


In the worst case, clinicians end up feeling caught in the crossfire between adversaries. They may perceive employees of disability agencies as unenlightened bureaucrats who make excessive demands for documentation. On the other hand, they may perceive their patient as reporting excessive incapacitation and trying to enlist physicians as allies in their battle to legitimize their disability.


The concerns that treating physicians have about doing disability evaluations appear to fall into two categories: knowledge deficits and ethical concerns. Physicians who work primarily as clinicians are likely to be unfamiliar with the disability laws and regulations relevant to their patients, and the disability agencies that administer them. They are also likely to lack expertise in the mechanics of rating impairment, such as those detailed in the AMA Guides,48 and in the methods that can be used to assess work ability.20,21,31,33,49


Treating physicians can be concerned about conflicts between the clinical role they normally play when they treat patients and the adjudicative role that is required during a disability evaluation. Informal observation as well as examination of the limited literature on these roles26,42,58,65 suggests several differences between the two roles. For example, physicians performing disability evaluations are expected to focus on objective findings and legal responsibility, including causation, for an examinee’s disorder, but these are not the main concern of physicians when they provide clinical treatment.46 As Sullivan and Loeser58 have noted, significant ethical issues arise when physicians switch back and forth between these two roles.






Assessing Self-Reports of Patients Regarding Physical Capacity


A key challenge is to combine examinees’ self-reports regarding their incapacitation with objective medical information relevant to their injury.47 Note that the definition of “objective medical information” is not always clear. Unfortunately the existence of objective medical findings often depends on the degree to which technologies have advanced. For example, before myelography became available, radiographic studies (i.e., x-ray films) did not demonstrate objective findings for patients with radiculopathies.


A second problem is that a high level of interrater reliability is a necessary condition for objectivity in any endeavor. However, in the arena of impairment and disability evaluation, it is common for different examiners—many of whom consider themselves to be “forensic experts”—to generate disparate conclusions about the same patient.


One way for a physician to resolve potential discrepancies between self-report data and objective findings is to accept at face value what patients say about their physical capacities. A physician adopting this strategy would run the risk of underestimating the rehabilitation potential of individuals who overstate their incapacitation either deliberately, as in the case of malingerers, or as a result of genuine misperceptions regarding their abilities. At the opposite extreme, a physician might make decisions about the disability status of patients strictly on the basis of what they perceive to be “objective findings,” and react skeptically to reports of incapacitation that are not closely linked to these findings.


A position somewhere between these two extremes is probably most appropriate. The perceptions that patients have about their abilities certainly should not be ignored or discounted. As a practical matter, research demonstrates that these self-appraisals are important predictors of whether patients with pain problems will perform well on physical tests or will succeed in terminating their disability, or both.14,15,23-25,30 Physicians who make disability decisions without considering patients’ appraisals are discarding valuable data. As a result, their decisions can go awry in two ways. First, they can pressure patients to return to work in jobs that the patients are realistically not capable of performing. Second, they can be ineffective in resolving disability issues. Consider patients who are released to work by their treating physician or by an independent medical examiner even though they are convinced that they are unable to work. Such patients are likely to retain an attorney and start a protracted legal battle regarding their work status.


But the fact that patients’ perceptions are important does not mean that they are valid or immutable. In fact, research on patients with disability related to chronic pain suggests the opposite: some often have distorted views of their capabilities, and these views are modifiable.1,12,28,35 Disability evaluators need to consider the validity of a patient’s stated activity limitations in light of the biomedical information available and their assessment of the patient’s credibility. Evaluators should reserve the right to challenge the patient’s self-assessments and to make decisions that are discordant with these assessments.


In summary, the treating physician should carefully assess examinees’ perceptions regarding their ability to perform various tasks and, whenever feasible, should take them into account when rendering judgments about their ability to work. But the physician should not let examinees control the discussion about disability. Instead, physicians should be ready to challenge the appraisals of examinees when they believe them to be inaccurate.









Blending Administrative Imperatives With Patient Realities


Disability agencies and insurance companies follow what might be called an administrative imperative as they adjudicate disability claims. The imperative is to reach decisions about disability benefits for applicants on the basis of procedures that are objective, consistent, and efficient. These goals are reasonable, but they can lead agencies to oversimplify the process. The “administrative model” of injury and disability is most apparent in workers’ compensation systems. It typically assumes the following:



• Incapacitation after an injury should be should be “transparent” to a physician; that is, activity limitations described by patients should be highly correlated with evidence of tissue damage or organ dysfunction objectively assessed by a physician.




• Recovery after trauma follows a fairly predictable course, such that an injured worker initially shows progressive improvement and then reaches a plateau or fully recovers (Figure 6-2). In compensation law, workers are said to be “fixed and stable” or to have reached “maximal medical improvement” when they reach this plateau. At this juncture, compensation law generally dictates that medical treatment be terminated, and if patients are not able to return fully to their job after injury, either a definitive vocational plan needs to be developed or they should be pensioned.



• Work injuries typically occur when a previously healthy individual is exposed to an obvious and overwhelming source of trauma, such as a fall from a height or a crush injury from a heavy object.
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FIGURE 6-2 Hypothetical recovery curve after an injury.




The assumption of transparency is problematic. This assumption is so pervasive that most physicians, and essentially all disability adjudicators, accept it without question. From a historical perspective, however, it is apparent that physicians have not always believed that incapacitation from trauma should be transparent. In fact, when the Social Security Disability Insurance (SSDI) program was being considered by Congress during the 1950s, physician groups almost uniformly protested that they would not be able to do the assessments that were envisaged in the SSDI legislation.41


For some impairments, objective criteria can be used in a transparent manner. For example, physicians have straightforward tools to quantify impairment stemming from amputations, complete spinal cord injuries, or clear cases of radiculopathy that are supported by magnetic resonance imaging (MRI) evidence of a focal disk herniation. However, in many medical conditions, including many musculoskeletal and neurologic disorders, physicians cannot easily identify injuries to organs or body parts that lead to the activity limitations that examinees report. Again the example of spinal facet joint injuries is given. Carefully controlled studies since the 1990s have documented that cervical facet joint injury is the probable primary pain generator for 50% of whiplash patients with nonradicular neck pain.2,3,37


More recently, animal and postmortem biomechanical studies of cervical facet joint injury have strengthened these clinical findings by documenting posttraumatic facet capsular laxity,27 as well as pain behavioral changes34 and histologic axonal changes29 in animals exposed to facet joint distensions simulating whiplash injury. Despite these advances, documenting facet joint injury for impairment rating remains problematic. Although cervical facet joints show up on MRI scanning, injury to them, or pain stemming from them, is generally not detected. Conversely, facet joint arthropathy, when detected with imaging studies, can be seen among asymptomatic patients and cannot be taken as a reliable physical sign of facet joint injury or impairment.52,54 There are guidelines for giving impairment for motion segment instability, which might be associated with increased facet capsular laxity, but the threshold for giving impairment for such instability is likely not sensitive.


In addition, there is increasing evidence that patients with chronic whiplash pain, chronic low back pain, or both, develop changes in central nervous system functioning that augment the severity of their chronic pain.11,18,32,57 These changes are also difficult to quantify but can become the basis for significant loss of function and vocational disability. Disability evaluators cannot easily rate impairment for this common clinical scenario. More importantly, they cannot offer a clear correlation between severity of impairment and severity of disability.


In the latest AMA Guides, facet injury after whiplash is formally acknowledged for the first time as a ratable impairment.48 However, it is grouped as “nonspecific chronic, or chronic recurrent neck pain (also known as chronic sprain/strain, symptomatic degenerative disk disease, facet joint pain, chronic whiplash, etc.).” This carries a maximum 8% whole-person impairment.


By contrast, a patient who has a documented severe facet joint injury resulting in facet joint neurotomy might become disabled from heavy physical work, require vocational retraining, and might become dependent upon repeated neurotomies indefinitely at approximate 8- to 12-month intervals for adequate pain relief.53 This can represent a huge burden of future medical and vocational costs projected over the person’s lifetime.


On the other hand, a patient could have had two cervical disk herniations causing multilevel radiculopathy, with good response to neck surgery. This patient would be left with a minimum of 15% whole-person impairment, almost twice the impairment of the patient with the facet joint injury. Moreover, the patient with radiculopathy would have far lower, if any, future medical and vocational costs. Clearly the impairment rating process continues to be imperfect at best. It is up to clinicians to carefully weigh these paradoxes when giving opinions regarding impairment and disability.


Even in the case of radiculopathy, a condition thought to be fairly well assessed within the AMA Guides, there are pitfalls for assessing spinal impairment. Research has shown that most lumbar MRI findings among patients with radiculopathy do not correlate well with their pain diagrams and physical examination findings, except in the rare case of a disk extrusion or severe spinal stenosis, or both.4 In practice, most MRI findings do not demonstrate such severe pathology. In addition, there is increasing understanding that radiculopathy is an inflammatory condition and might not depend on demonstrable nerve root compression by MRI scanning. There can be clear clinical evidence of radiculopathy causing significant functional impairment in the absence of MRI-detected nerve root compression.55,64


These examples highlight two problems. First, it is can be difficult to identify an anatomic or physiologic abnormality that rationalizes the claim of incapacity. This problem occurs frequently. For example, data from the U.S. Department of Labor, Bureau of Labor Statistics indicate that more than 40% of work injuries requiring time off work are coded as sprains/strains.59 Although such injuries might be supported by objective findings, such as a complete tear of the anterior cruciate ligament documented by MRI scan, physicians often diagnose a sprain/strain when a patient complains of pain without well-defined objective findings. Second, a given structural abnormality might be associated with a wide range of functional loss among different patients. In this regard, it is worth noting that there is little empirical evidence to validate the quantitative impairment percentages given in the AMA Guides.









Topics Addressed in Disability Evaluations


Physicians are typically asked to address the following when they conduct disability evaluations:



• Diagnosis



• Causation



• Need for further treatment



• Impairment



• Activity limitations and functional capacity



• Ability to work (i.e., work disability)


A fundamental goal of the disability evaluation process is to determine whether a patient can work. From this perspective, the first five items can be viewed as preliminary items that set the stage for addressing the sixth and crucial question.












Practical Strategies for Disability Evaluation


The discussion below is largely based on our experiences treating patients in clinical settings, performing independent medical examinations, and consulting with the Washington State Department of Labor and Industries. Scientific data on the reliability and validity of disability evaluations are limited.7-944 In the absence of scientific data, it is impossible to say what decision-making strategies are appropriate when performing disability evaluations. In this ambiguous situation, it is easy for practitioners to fall into the trap of believing they are making valid judgments, when in fact their judgments are based on a variety of biases.19,46






Addressing the Main Questions






Diagnosis


Of the issues commonly addressed in a disability evaluation, diagnosis is the only one that the physician considers in a routine clinical evaluation of a patient. Even here, complications arise when disability evaluations are performed. As an example, adjudicators sometimes make inferences about causation on the basis of a diagnosis. Note that if a physician diagnoses lumbar degenerative disk disease (International Classification of Diseases 722.52) in a patient, an adjudicator might take the position that the patient’s back pain was not caused by a specific injury.









Causation and Apportionment


The issue of causation is important because many disability agencies will only give benefits for medical conditions that arise from specific causes. For example, workers’ compensation carriers are responsible only for work-related medical conditions, and automobile insurance carriers are responsible only for injuries that occur in motor vehicle accidents. Although causation is straightforward for many injuries, a number of pitfalls can arise.


First, patients might have cumulative trauma disorders, which would be the result of an “occupational exposure” rather than a specific injury. In this setting, especially if the injured worker has had multiple employers during the period when the exposure appears relevant, the issue of how to distribute liability becomes critical. In this case, there is a need for apportionment. Apportionment is an attempt to distribute causation among multiple possible sources. In the latest edition of the AMA Guides, apportionment is described as “an allocation of causation among multiple factors that caused or significantly contributed to the injury or disease and resulting impairment.”48


In the current example of a cumulative trauma disorder, it might be determined that approximately 60% causation should be apportioned to the patient’s employer of the past 3 years and 40% to the patient’s prior employer, based on a history of repetitive use of the upper limbs during both periods of employment. As one can imagine, apportionment is a very approximate process and fraught with disagreements among experts. For example, a patient who has undergone a lumbar diskectomy in the remote past might report a return of radicular symptoms after a fall. In this setting, a disability agency could ask the physician to apportion causation of the patient’s impairment between the index injury and the patient’s preexisting lumbar disk condition. It is often useful to distinguish between inactive and active preexisting conditions when considering apportionment. But even here, defining a set time interval before a causative event as the threshold of when a preexisting condition is active or inactive is not standardized. Should it be 3 months, 6 months, or 2 years, or should every preexisting condition no matter how remote in the past be considered relevant to the issues of causation and apportionment?


Disability agencies differ significantly in the standards they set for establishing causation and the need for apportionment. Some agencies follow the principle that for an index injury to be accepted as the cause of a patient’s impairment, the injury must be the major factor contributing to the impairment. Others adopt a lower standard of causation that has been described as “lighting up.” When this standard applies, an index injury can be viewed as the cause of increased impairment even when the injury is minor and when preexisting impairment is severe. For example, consider an individual with a multiply operated knee who falls at work, develops an effusion in the knee, and is told by an orthopedist that he needs a total knee replacement. If the individual’s workers’ compensation carrier operated under the “lighting up” standard of causation, this person’s knee symptoms and need for a total knee replacement would be viewed as caused by the fall at work.


When there is a preexisting condition, the physician should ideally apportion in at least three areas when doing a forensic evaluation regarding impairment and disability:



1. Apportionment for the need for care: This attempts to answer whether, on a more probable than not basis, the claimant would have required treatment (often already paid within a claim) if the index injury had not occurred. In other words, in the absence of the index injury, how much care, if any at all, would the claimant have required for the treatment of an active or inactive preexisting condition?



2. Apportionment for impairment: This attempt to split the total current impairment between a preexisting component and that which has been created by an index injury. In the example of the patient with a multiply operated knee, there might be significant preexisting impairment, although the need for care for the preexisting condition may be minimal or zero were it not for the index injury.



3. Apportionment for disability: This is usually taken to mean work disability, which is generally compensable, but can be extended to disability from ADLs. This again draws a distinction between the effects of an injury on the level of impairment versus one’s ability to function in everyday life. In the setting of a significant preexisting impairment, marginally increased impairment from a new injury might cause, or might be alleged to cause, significant work disability.


Apportionment analysis is most commonly described for impairment only48 and is determined by subtracting preexisting impairment, with respect to an index injury, from the current impairment. It is clear, however, that apportionment analyses for the cost of care and for disability are critical to the successful adjudication of compensable claims.


Take the example of an actual patient who has had three previous neck surgeries, including two fusions, who is undergoing active conservative pain management, and then is involved in a motor vehicle crash. After the crash, the patient required a partial hardware removal procedure from a previous fusion. A careful analysis revealed that, on a more-probable-than-not basis, this hardware removal would not have been necessary were it not for the motor vehicle crash. This cost of care was therefore covered by the motor vehicle claim, but it was clear that the patient had the majority of the cervical impairment as preexisting, when compared with her overall impairment after she reached maximum medical improvement from the effects of the crash. She also had neck care costs that were independent of the motor vehicle crash history.


Some of the factors that help with a credible apportionment analysis include:



• Obtaining a functional history from these patients, which includes understanding their current ability to perform ADLs, vocational activities, and recreational activities as compared with before an index injury.



• Judging the credibility of the functional history. Do the medical records support the patient’s contention that there has been a loss of function? Some patients might not consciously fabricate their stated loss of function, but could be mistaken, given that years have passed since the index injury. For example, a patient might claim that a weight gain of 40 lb was caused by inactivity from the index injury. The medical record, however, might reflect otherwise, and there might be only a few pounds gained. Ideally, these patients should be directly confronted with these data, and the examiner should try to gauge whether they appear truly mistaken or are being consciously deceptive in their history.



• Carefully examining preexisting medical records, including a timeline for the need for care, work restrictions, and if applicable, preexisting impairment ratings. A study by Eugene Carragee6 in 2008 documented that self-report by patients regarding preexisting axial back or neck pain after a motor vehicle crash is often underreported. Consequently, scrutiny of preexisting medical records and careful interviewing of the patient become more important when determining causation in this setting.


In summary, when considering apportionment, the examiner should address the following three critical questions: Were it not for the index injury, on a more-probable-than-not basis, (1) what would be the patient’s need for medical care since the date of the index injury? (2) what would be the patient’s current level of impairment? and (3) what would be the patient’s current disability (including inability to engage in gainful employment)?









Need for Further Treatment


Disability agencies generally adopt an idealized model of the course of recovery after an injury. This model is shown in Figure 6-2. It embodies the assumption that people show rapid improvement after injury but then reach a plateau. Before patients reach this hypothetical plateau, they presumably can benefit from further treatment. When they reach the plateau, they are considered to have achieved maximal medical improvement (MMI). When a patient has reached MMI, insurance companies and disability agencies typically refuse to pay for additional medical care and attempt to make a final determination regarding a patient’s impairment and work capacity. From an administrative perspective, the model is convenient because it provides guidelines for intervention and decision making. For example, when a patient has reached point X on the graph, curative treatment should be abandoned, and a permanent partial impairment rating should be made.


The problem with this approach is that patients frequently have clinical problems that are hard to conceptualize in terms of the idealized recovery shown in Figure 6-2. First, it is not clear that patients with repetitive strain injuries or chronic spinal pain39,61 follow the trajectory shown in Figure 6-2. Second, patients can have comorbidities that complicate recovery and make it difficult to determine when they have reached MMI. An example is a patient with diabetes who has a work-related carpal tunnel syndrome in addition to a peripheral polyneuropathy. Third, many who use the MMI concept fail to remember that a patient who has reached maximal benefit from a particular kind of treatment might not have reached maximal benefit from treatment in general. For example, consider a patient who is examined 6 months after a low back injury. Assume that treatment has consisted entirely of chiropractic care during the 6-month interval, and that the patient has not shown any measurable improvement during the past 2 months. This patient might be judged to have reached maximal medical benefit from chiropractic care, but an examining physician would understandably be uncertain about whether the patient could benefit from physical therapy, epidural corticosteroids, lumbar surgery, aggressive use of various medications, or other therapies that might not be offered by the chiropractor. This problem is not just a hypothetical one, because examiners routinely find that some patients with chronic conditions have not had exposure to all reasonable treatments for their condition.


At times it is more sensible to state that the patient has reached MMI with respect to specific care. For example, the statement “the patient has reached MMI with respect to conservative care options” would likely be more accurate than simply stating the patient is at MMI. If interventional care options are not appropriate, then the patient might truly be at MMI with respect to all reasonable care options.


Finally, disability and health insurance companies typically take the position that no more medical treatment should be authorized after a patient has reached MMI. This administrative perspective frequently does not match the clinical needs of patients. For example, a patient may have reached MMI from a low back injury in the sense that a significant period has elapsed since injury, and no further curative treatment is available. However, the individual might still need maintenance treatment, such as ongoing medication, for the back injury. This issue is often ignored by agencies that administer benefits.


A workers’ compensation company might state that such maintenance treatment is “palliative” and not curative, and therefore not covered within the claim. One interpretation of this distinction might view dialysis as “palliative” and not curative because it does not cure the patient from the loss of kidney function. And yet dialysis would likely be covered indefinitely within a claim. Might one also argue that long-term medication or massage, although likely palliative, should be covered for chronic spinal pain if dialysis is covered for renal failure? These are ethical issues that raise more questions than they answer.









Impairment


Physicians need to decide when to perform an impairment rating. For example, an impairment rating would not be appropriate for a patient who has not reached MMI, or (at least in workers’ compensation cases) for a patient whose injury was not causally related to a work exposure.


Once a physician decides that an impairment rating is appropriate for a patient, the rating itself is a fairly mechanical task that is based on formulas and procedures described in various texts, or in manuals published by disability agencies. The agency that requests an impairment rating typically specifies the system that physicians are required to use. For example, the AMA Guides48 describes an impairment rating system that is used by multiple jurisdictions. Some states have their own impairment rating systems. To perform an impairment evaluation according to the rules of a jurisdiction, the physician needs to be familiar with the system used by that jurisdiction.









Physical Capacities Assessment


The assessment of physical capacities is a precursor to the determination of a patient’s ability to work. Disability agencies typically request detailed physical capacities data and usually provide supplementary forms for this purpose. In general, a clinical evaluation in the physician’s office will not provide detailed physical capacities information. The physician can supplement information gleaned from a clinical evaluation in a few ways.


The simplest way is to ask patients to estimate their physical capacities. The physician should consider filling out a physical capacities form on the basis of a patient’s reports if the patient is judged to be highly credible, or if the physician does not have access to objective data regarding the patient’s capacities. The physician who follows this approach should indicate this on the form.


Another way to obtain physical capacities data is to refer a patient for a functional capacities evaluation (FCE), also called a performance-based physical capacities evaluation.31,33,49 FCEs are formal, standardized assessments typically performed by physical therapists. They usually last from 2 to 5 hours. The therapist gathers information about a patient’s strength, range of motion, and endurance in various tasks, preferably ones that simulate the type of work that the patient is expected to do. As noted by King et al.,31 FCEs are popular with insurance carriers and attorneys because they provide objective performance data. In their comprehensive review, however, King et al. also noted that there is a paucity of data that validate FCEs against actual job performance.


Pransky and Dempsey43 noted that a generalized FCE has less utility than one simulating a specific job requirement, in terms of predicting actual job performance. However, tailoring the FCE process to a specific job requires more resources and is likely not practical in most scenarios. Gross and Battie20-22 noted that for both patients with low back pain and those with upper limb disorders, FCE results are poor predictors of termination of time loss benefits and return to work. Clearly, psychological factors and coping skills play an important role in predicting return to work, and these variables are not well captured within a standardized FCE.


Despite these limitations, FCEs likely have a role in determining loss of anatomic functions, such as range of motion and loss of strength, and these are important inputs into the determination of impairment. Also, in at least one author’s experience (R.E.S.), the FCE results correlate fairly well with broad clinical estimates of a patient’s physical capacities that are established by the treating physiatrist. The attending physiatrist’s estimates might be likened to a watercolor sketch, and the FCE to a finished oil painting of the same scene.


The FCE can also gauge the level of the patient’s effort, to help address the possibility of malingering, secondary gain, or excessive fear of exertion after injury. As an example, full effort is assumed if the coefficients of variation—the standard deviation divided by the mean as a percentage—are less than 10% to 15% for repeated hand grip measurements blinded from the patient. As discussed in a recent review,43 however, the ability to detect submaximal effort is imperfect at best.


A few definitions are helpful in understanding the language of physical capacity or functional capacity evaluations. These are derived from the Dictionary of Occupational Titles, published by the U.S. Department of Labor. Generally, the following are categories describing the “frequency of activity”:



• None (0% of the time)



• Occasional (1% to 33% of the time)



• Frequent (34% to 66% of the time)



• Constant (67% to 100% of the time)


In practice, a category between none and occasional is useful, described as “Seldom” or “Rare,” which is defined as 1% to 10% of the time. Also available from the Dictionary of Occupational Titles is a broad definition of job categories by physical lifting requirements (Table 6-2).




Table 6-2 Dictionary of Occupational Titles Categories of Job Physical Requirements
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There are other considerations within these categories, including the amount of required standing or walking, as well as considerations of bending, twisting, and other postural demands. Consequently, a broad clinical estimate of physical capacities for a patient with combined neck, right shoulder, and lower back injuries might be as follows:



• Postural breaks every hour as needed



• Occasional bending, twisting, stooping, and kneeling



• Lifting and carrying up to 20 lb occasionally, approximately half that weight frequently



• Reaching overhead with right upper limb on a rare basis only


Overall this estimate of physical capacities falls within the light work category, although some further restrictions are given for the right shoulder. If more refined estimates of physical capacities or if a more detailed assessment of whether the patient is giving full effort is needed, an FCE could be obtained and checked against these clinical estimates.









Ability to Work


The ability of a patient to work is the key issue in most disability evaluations. Assessing employability is difficult, and there is no simple set of techniques to apply when a decision about employability is requested. Box 6-1 outlines issues that should be considered when judging a patient’s employability.





Box 6-1 Issues to Consider in Determining Employability






1. What specific questions about employability are you being asked to address?


a. Can the patient work at a specified job?



b. What general category of work can the patient perform (sedentary, light, medium, heavy, very heavy)?



c. Is the patient employable in any capacity?






2. For work in a specific job:


a. Is there a job analysis?



b. Does the patient agree with the demands stated on the job analysis?



c. Are there any collateral sources of information about the job (e.g., information from the employer)?



d. Do you believe the patient can perform the job with modifications?



e. Do you believe the patient needs assistance in transitioning to the job (e.g., a graduated reentry or a work-hardening program?






3. Do you have reliable physical capacities data that permit you to determine the appropriateness of a specific job or the appropriateness of a general work category?



4. Are there any “trick questions”?


a. Description of a job with minimal physical requirements (e.g., phone solicitor)



b. Description of a job that seems inappropriate for the patient from an economic and career standpoint (e.g., description of a cashiering job for a person who has spent the last 20 years working as an electrician)






5. Based on the questions addressed to you, does it seem that the disability agency is making a sincere attempt to find a place in the workforce for the patient, as opposed to trying to “set the patient up” (i.e., contrive vocational options that will maneuver him or her out of the disability system)?



6. Does it appear that the patient is making a sincere effort to return to work, or is the patient exaggerating pain complaints and/or maneuvering in some way to get long-term disability?





A physician makes a judgment about a patient’s employability by balancing the patient’s functional capacities (or limitations) against the functional demands of jobs for which the patient is being considered. Concerning job demands, the physician usually has to rely upon information provided by vocational rehabilitation counselors or employers. In workers’ compensation claims, vocational rehabilitation counselors often prepare formal job analyses. Figure 6-3 gives a sample job analysis. Note that the job analysis form includes a section in which the evaluating physician is asked to give an opinion about whether the worker can perform the job.
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FIGURE 6-3 A sample job analysis.




A detailed job analysis can be helpful in the assessment of the work demands that a patient is likely to face. When possible, the examiner should check to see whether the patient agrees with the physical requirements listed in a job analysis. If the patient vigorously disputes the job analysis, the examiner should attempt to reconcile the discrepancy.


Sometimes physicians are presented with “trick” questions dealing with employability. As an example, a physician is treating a patient with chronic low back pain who has failed multiple spine surgeries and continues to complain of relentless pain despite the implantation of an intrathecal opiate delivery system. The physician believes it is unrealistic for this patient to return to competitive employment. A disability agency asks the physician whether the patient can work as a telephone solicitor. This question poses a dilemma. If the physician says “Yes,” the patient’s disability benefits will probably be terminated. If the answer is “No,” the physician is implicitly saying that the low back pain prevents the patient from doing a job that has few physical demands. This can represent an ethical dilemma, and the physician ultimately must use clinical judgment, at the same time addressing guidelines within the disability system.


On the other hand, physicians will encounter some patients who “drag their feet” and overemphasize the severity of their incapacitation. These behaviors should make the physician suspicious of the possibility of a hidden agenda. In such a situation, it is reasonable to stick closely to objective data regarding the patient’s capacities, rather than to be influenced strongly by the patient’s subjective assessments.















Further Special Issues in Disability Evaluations






Possibility of Deception


Physicians need to be aware of the possibility that any of the participants in a disability claim can have a hidden agenda. Opportunities for deception are particularly notable in workers’ compensation claims. An extensive medical literature on secondary gain, compensation neurosis, and malingering has dealt with hidden agendas of patients.5,17,36,40,62


Disability agencies, insurance companies, and defense attorneys at times use video surveillance when malingering or exaggeration of incapacity is suspected. Results can confirm malingering (e.g., a patient with severe “disabling” postlumbar laminectomy syndrome observed hitching a boat to a truck to go fishing for the day). On the other hand, results can corroborate a patient’s loss of function when he or she is blinded to observation (e.g., a patient with a thoracolumbar spinal fusion who shows clear difficulty with routine bending and prolonged weight-bearing activities).


Behavioral signs suggesting psychological distress that can be observed in patients with chronic pain have been inappropriately used within a medicolegal setting as evidence for malingering. The most famous example is the Waddell signs, developed by the well-known spinal surgeon, Dr. Gordon Waddell, who urged his fellow surgeons “to operate on a patient, not a spine,” as this “may save years of coping with the human wreckage caused by ill-considered surgery on the lumbar discs.”63 There have been numerous articles reappraising the Waddell signs, one of which has been coauthored by Dr. Waddell himself,38 making clear that these behavioral signs do not have a role in the detection of malingering.13,16


In summary, most experts in disability believe that frank malingering or deception is uncommon among patients who seem to report “excessive” disability. However, the physician should answer the following questions:



• Is there any evidence that a patient who claims to be disabled is “double dipping,” (i.e., working at the same time he or she is getting disability benefits)?



• Is there evidence from surveillance tapes or other collateral sources that a patient’s physical capabilities are far greater than he or she claims?


Other parties to a workers’ compensation claim, including employers and adjudicators for disability agencies, can also have hidden agendas. Their agendas have been ignored almost completely in research on disability, so the physician needs to use clinical judgment in deciding whether participants in a disability claim are behaving in a deceptive manner. The physician should consider the following:


• Is there evidence that the disability system is unreasonably “playing hardball” with the patient? For example, does it appear that the patient has had his or her claim closed arbitrarily?



• Has the compensation carrier refused to authorize reasonable services requested by the attending physician?



• Does it appear that the patient’s claims manager is requesting multiple evaluations to maneuver the patient out of the compensable claim on the basis of “preponderance of evidence”?



• Is there any indication that the patient’s (former) employer has created misleading job descriptions?



• Has patient’s (former) employer put pressure on the patient not to file a workers’ compensation claim?



• Has patient’s (former) employer fired the patient in apparent response to the patient’s report of injury?









Objective Findings


As noted earlier, the term “objective findings” is not precisely defined.47 Some examiners believe that objective data refer to laboratory or physical findings that are measurable, valid, and reliable and are not subject to voluntary control or manipulation by a patient. Objective findings can be contrasted with “subjective findings” such as patients’ reports of activity restrictions caused by pain. A lot of clinically important examination findings, however, including range of motion (ROM), tested strength, and some muscle stretch reflex findings might be described as “semiobjective.” They are objective in the sense that they can be observed and measured, but they might not be completely reliable because patients can voluntarily modify them. Most adjudicators who request objective findings are not aware of these subtleties. The AMA Guides generally accepts physical examination findings as objective data, even if they are able to be voluntarily manipulated by the patient.


The latest edition of the AMA Guides48 has less emphasis on ROM measurements for determining spinal impairments as compared with prior editions. This has not been done because ROM is subject to voluntary control, but because ROM has not correlated well with loss of function and probable impairment in the spinal region.66


Upper limb ROM determination remains important in the AMA Guides.48 Active ROM is considered to reflect true function better than passive ROM. The AMA Guides also warns that if there is a significant discrepancy between active and passive ROM, however, there should be a clear physiologic basis (e.g., full rotator cuff tear) for the discrepancy. The possibility of symptom magnification and self-inhibition by the patient should be specifically addressed.


As with so many dilemmas in medicine, the physician’s clinical judgment becomes paramount in sorting out “nonorganic” responses from patients during the physical examination. Take the example of a school-age child who does not want to go to school because of abdominal pain. During a medical examination, the physician might take this child in his or her lap and distract the child with something fun to play with, while at the same time palpating the abdomen. If the physician does not get a palpation response consistent with his or her official “physical examination” when the child was not distracted, the physician would take this discrepancy into account when deciding the severity or even the presence of the child’s illness.


When physicians perform a disability evaluation on one of their patients, they can further address the objective findings issue within the assessment and discussion portions of their report. If they do not find the patient credible, they should indicate that there are no reliable objective findings to support the claim of incapacity. However, they should provide documentation to support their opinion. The physician might state, for example, that with the patient distracted, there was no significant tenderness noted in the upper trapezius region, and yet there was a very severe pain response from the patient when he or she was conscious of the physician palpating this region. If the patient has consistent physical findings that the physician finds credible, they can be listed in the space where the physician is requested to give objective findings. If these findings are challenged, the physician can indicate that in his or her clinical judgment, they represent valid indices of the patient’s condition.












Conclusion


This chapter can only point out some of the challenges associated with disability evaluation. It by no means provides all the information needed to conduct disability evaluations of patients. Unfortunately, there is no cookbook for doing disability evaluations. Busy physicians might want a simple answer to the question, “How should I fill out Mr. Smith’s disability form?” In reality, this is akin to asking the question, “What medical or surgical treatment should I provide for Mr. Smith?” In both instances, it is necessary to answer the question based upon factors that are specific to Mr. Smith.


Note that there is strikingly little published information on the subject of disability evaluation, despite the fact that millions of evaluations are done each year in the United States. At a very basic level, there is very little evidence about whether the decisions made by large agencies such as the SSA are overall good or bad—that is, whether the SSA is awarding benefits to individuals who are truly disabled, or is withholding them from individuals who are truly unable to work.45,50,51


In the face of this large-scale uncertainty, it is difficult for individual physicians to know whether they are rendering appropriate judgments regarding their patients. This is particularly the case for disability evaluation in the context of chronic pain, or in other settings where it is difficult to correlate the subjective complaints with objective findings of tissue pathology.


Some will understandably be tempted to ask, “Why bother?” That is, why should a physiatrist take the extra time to learn about disability agencies, disability evaluation methods, the ethics of disability evaluation, etc.? One answer is, “Because physicians have no choice.” Society forces physicians to make judgments about the capacities of their patients. Physicians can perform disability evaluations thoughtfully or thoughtlessly, but they do not have the option of simply not doing them.


Another answer to the “Why bother” question is that disability evaluation is important. In an ideal world, physicians would completely cure all patients. In reality, physicians’ interventions might only partially resolve their patients’ inability to work and function in the community. Consequently physicians have to be concerned about residual impairment and workplace incapacity after treatment has been optimized. Once they have done what they can to help their patients return to economic productivity, physicians need to avoid doing them a disservice by either grossly overstating or understating their capacities to disability adjudicators.
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Chapter 7 Neurologic and Musculoskeletal Imaging Studies




Andrew D. Bronstein, Mark A. Skirgaudas, Andrew J. Cole





Multiple imaging modalities are available to help in making a neurologic or musculoskeletal diagnosis. This chapter describes imaging methods, indications, contraindications, and artifacts specific to various types of imaging methods. The chapter also presents the preferred imaging methods for specific anatomic areas and tissues. The purpose of the discussion is to help the physiatrist, in concert with the consulting radiologist, choose the most appropriate imaging study or studies for a patient.


The American College of Radiology (ACR) has developed appropriateness criteria for various imaging modalities for specific clinical indications.1 Relative radiation level information was added to the ACR appropriateness criteria for various imaging modalities in 2008. As of 2009, musculoskeletal clinical indications pertinent to the physiatrist that have ACR appropriateness criteria include acute hand and wrist trauma, acute knee trauma, avascular necrosis (AVN) of the hip, chronic ankle pain, chronic elbow pain, chronic foot pain, chronic hip pain, chronic wrist pain, imaging after hip or knee arthroplasty, metastatic bone disease, nontraumatic knee pain, osteoporosis and bone mineral density, primary bone tumors, soft tissue masses, shoulder trauma, stress or insufficiency fractures (including sacrum, excluding other vertebrae), suspected ankle fracture, and suspected osteomyelitis of the foot in patients with diabetes mellitus. Spinal clinical indications pertinent to the physiatrist that have ACR appropriateness criteria include chronic neck pain, ataxia, focal neurologic deficit, lower back pain with variants, myelopathy, plexopathy (brachial and lumbosacral), and suspected spine trauma (cervical and thoracolumbar). The appropriateness of a given imaging study on a scale of 1 to 9 is tallied for each clinical situation by expert panels. Selected ratings of the ACR appropriateness criteria are presented under the specific anatomic discussions later in this chapter.






Imaging Modalities






Plain Radiography and Its Variants (Stress Radiography, Arthrography, Myelography, Discography, Fluoroscopy, and Videofluoroscopy)


Plain radiographs are obtained when an x-ray beam is directed through the body part being imaged to x-ray film with amplification via a rare-earth film screen, to image plates with photostimulable crystals (computed radiography), or to solid state detectors that convert x-ray photons into electrical charges (direct radiography).76 Part of the beam is absorbed by the body, producing a shadow image. Five different types of tissues can be imaged with plain radiography: gas, fat, soft tissue and water, bone, and metal (metals, barium, and iodinated contrast material). The differentiation of tissue within each of these five groups is limited, however, which makes it difficult to differentiate entities such as edema from blood, or muscle from tumor. Despite these limitations, plain radiographs are a relatively inexpensive way to assess fractures or bony abnormalities.


It is crucial to have plain radiograph protocols for each body part. The protocols should specify the number of views, technique, and film-screen combination or computed radiography, or direct radiography settings. To exclude a fracture, at least two orthogonal views perpendicular to each other are necessary, and often three or more are needed, depending on the body part. Patient history and skin markers placed on the region of interest can help identify abnormalities and might alter the patient positioning or imaging technique.


Stress radiography is a procedure in which stress is placed on a given joint to assess for any change in joint width or alignment caused by ligamentous laxity or disruption, usually in comparison with the asymptomatic normal side. Examples of stress radiography include acromioclavicular joint views holding weights, Telos stress examination of the ankles with varus or posterior stresses,26 and valgus stress on the elbow.129 Flexion and extension lateral views or open-mouth odontoid views with side-bending of the cervical spine to assess transverse or alar ligament laxity can also be considered stress views, although the stress is achieved passively using the weight of the head and the tension of the cervical muscles.


Arthrography is a procedure in which iodinated contrast material or air (or both) is instilled into a joint before plain radiographs are obtained. This outlines the joint space as well as structures within or surrounding the joint. Arthrography can be performed on virtually any synovial joint, but at present it is used less often than in the past because of the development of newer, noninvasive modalities. The risks of arthrography are those of a needle puncture, including hemorrhage, infection, and drug reaction. Tenography involves injection of iodinated contrast material into a tendon sheath to assess for tendon pathology or rupture of a ligament and abnormal communication with an adjacent joint space.


Myelography is plain radiography performed after instillation of iodinated contrast material into the thecal sac. Nonionic iodinated myelographic contrast material is usually injected by posterior upper lumbar puncture, but can be injected via a lateral C1–C2 approach. Although myelography has largely been supplanted by magnetic resonance imaging (MRI), there are some advantages of myelography over MRI. Myelography and postmyelography computed tomography (CT) better show bony detail and subtle impressions on the nerve roots. Myelography also allows imaging of the lumbar spine in the upright weight-bearing position as well as in flexion and extension. The risks of myelography include hemorrhage, infection or meningitis, drug reaction, nerve damage, and cerebrospinal fluid (CSF) leak or spinal headache. These risks can be minimized with careful technique.


Discography is a procedure in which plain radiography is performed after instillation of iodinated contrast material into the intervertebral disk spaces. Suspected symptomatic disks are injected, along with a “control” disk. The most important aspect of discography is whether pressurization of the disk space during injection reproduces the location and quality of the patient’s symptoms.79,108,140 Unequivocal concordant symptoms during the injection correlate with that disk being the pain generator. The risks of discography are similar to those of myelography, except for a slightly higher risk of infection, thought to be due to the low vascularity of the intervertebral disk space (which can be prophylactically treated by admixture of an antibiotic with the disk injectate). In a series of 12,634 examinations comprising 37,135 disk injections, only 2 cases of confirmed diskitis were seen.122


Fluoroscopy is the real-time x-ray visualization of structures, and is used during spinal diagnostic and therapeutic procedures and in the instillation of contrast medium for arthrography, myelography, and discography. Fluoroscopy might or might not involve obtaining plain radiographs.


Videofluoroscopy entails recording fluoroscopic images to study the motion of joints. It can demonstrate dynamic abnormalities during motion, such as in the cervical spine and especially in the atlantoaxial occipital region. When there is a question of vertebral fusion in a postoperative patient, dynamic videofluoroscopy can sometimes be helpful.









Computed Tomography


CT is the production of cross-sectional images of the body by selective absorption of a rotating x-ray or electron beam. Multiple detectors measure the transmission of the beam at multiple angles, and computer algorithms are used to form images from the data. Contrast between different tissue types is significantly higher with CT than with plain radiography, and there is more precise localization of structures on the cross-sectional imaging. The imaging plane is usually axial or axial oblique, although direct coronal images of the foot and ankle and sagittal or coronal images of the wrist and elbow can be obtained with variations in patient positioning. Axial images can be reformatted into sagittal, coronal, oblique, or complex planes,126 but the resolution depends on the section thickness of the original images and is degraded if there is patient motion during the scan. Multidetector-row CT (MDCT) allows for simultaneous generation of multiple images or a volume of data, which allows for more rapid acquisition, thinner slice thickness, and improved multiplanar reformations. Three-dimensional reformatted images with surface rendering can also be obtained and are occasionally helpful for surgical reconstruction of complex fractures or to assess bony impingement on adjacent structures (Figure 7-1).22,89
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FIGURE 7-1 Sagittal reformation and surface rendering of multidetector-row computed tomography (MDCT) images of the cervical spine. A, Sagittal reformation of axial data shows C3-4 foraminal narrowing (arrow) from facet joint bony hypertrophic changes (F). Note normal foraminal caliber at adjacent C4-5 and C2-3 (arrowheads). B, Surface rendering of axial data in the sagittal oblique position shows foraminal narrowing (arrow) and severe facet hypertrophic changes (F) at C3-4.




CT has a definite advantage over MRI in the imaging of cortical bone. CT can also better image chondroid and osteoid matrices. The detection of fractures and delineation of positioning of fracture fragments are achieved well with CT, but a fracture tangential to the imaging plane can be missed, in part because of partial voluming artifact (see explanation below). This potential pitfall is reduced by review of multiplanar reformations.






Computed Tomography With Contrast Agent Enhancement


CT with intravenous contrast agent enhancement is more commonly used for imaging the brain, neck, chest, abdomen, and pelvis. Intravenous contrast medium is rarely used to image the spine or extremities, except in the detection of soft tissue tumors or in the evaluation of postoperative spine patients when MRI cannot be performed because of contraindications or artifacts from metal internal fixation devices.


Postarthrography CT delineates well the joint space as well as surrounding bony structures.48 Postarthrography CT of the shoulder is good at delineating the glenoid labrum. Whereas previously high-resolution shoulder images were limited to the axial plane, MDCT with thin-section imaging down to 0.625 mm thickness allows high-definition reformations in the sagittal oblique and coronal oblique planes. MDCT arthrography can be used for high-resolution imaging of the shoulder, elbow, hip, knee, and ankle when MRI is contraindicated.









Computed Tomography Myelography and Postdiskography Computed Tomography


Postmyelography CT is a requisite adjunct to myelography. The bony intervertebral foramina and spondylosis are best seen on axial MDCT images and sagittal reformations. Intraforaminal or far lateral disk abnormalities can be invisible on the plain film myelogram and are best shown on CT. Disk abnormalities at L5–S1 might be invisible on myelography (because of the ample ventral epidural fat at this level), but visible on CT. The postmyelography CT levels should include any levels with abnormality detected on myelography, any levels of clinical abnormality, and the L5–S1 level.


Postdiskography CT is an adjunct to diskography to better demonstrate the anatomy of an annular tear (Figure 7-2).
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FIGURE 7-2 Postdiskography computed tomography (CT) scan of a posterior central annular tear, demonstrating iodinated contrast material extending from the nucleus through a midline tear (arrows) to a subannular location posteriorly (arrowheads). No focal convexity to the posterior disk margin is present; this abnormality would not be seen on plain CT or postmyelography CT.














Magnetic Resonance Imaging


MRI is the production of cross-sectional images of the body through placement of the imaged body part in a large, static magnetic field with a varying magnetic gradient pulsed in such a way as to allow the resonance of hydrogen to be detected.124 The data obtained are then converted by computer algorithms into cross-sectional images. These images depend on the number of mobile hydrogen atoms and specific tissue characteristics of the hydrogen. Pulse sequence parameters can be adjusted to accentuate certain inherent qualities of tissues, allowing for much higher contrast between different types of tissue (Table 7-1). For example, fat-containing tissues can be accentuated or suppressed, and water-containing tissues can be accentuated or suppressed.


Table 7-1 Relative Advantages and Disadvantages of Magnetic Resonance Imaging and Computed Tomography






	 

	CT

	MRI






	Advantages

	Rapid acquisition time
Less sensitive to motion than MRI
Detection of calcification and
ossification
Less artifact from metallic foreign bodies or prostheses than MRI
Good patient tolerance

	Anatomic and pathologic information (proton density, T1, T2, chemical shift)
Better tissue contrast than CT
Direct multiplanar imaging
No ionizing radiation






	Disadvantages

	Anatomic information predominantly; less pathologic information than with MRI
Ionizing radiation
Limited imaging planes

	More sensitive to motion than CT
Longer acquisition time than CT
Lower resolution for cortical bone or calcification than CT
Considerable signal loss from metallic foreign bodies or prostheses
Some problems with claustrophobia, although lessened with large-bore or open MRI scanners







CT, Computed tomography; MRI, magnetic resonance imaging.


Because the patient is placed in proximity to a large magnetic field, there are contraindications to MRI. Patients with pacemakers, pacemaker wires, implanted electronic devices, ferromagnetic cerebral aneurysm clips, and metal around or within the orbits should not be scanned. Some centers are scanning select patients with pacemakers or pacemaker leads under controlled protocols. Some other metallic devices are contraindications to MRI, and if there is a question of compatibility with the scanner, the consulting radiologist should be contacted before the examination.


MRI has multiple available imaging planes, including complex imaging planes. Multiple magnetic gradient pulse sequences are also available to accentuate different characteristics of tissues (Table 7-2). Standard pulse sequences include T1-weighting, proton density, T2-weighting, short inversion time–inversion recovery (STIR), and fat suppression imaging. Numerous pulse sequences are available on any given magnetic resonance (MR) scanner, and different manufacturers typically use different abbreviations for the sequences. The advent of fast spin-echo sequences has shortened imaging times. However, the natural fat signal suppression on T2-weighted spin-echo images is partially lost on fast spin-echo T2-weighted images unless additional fat suppression techniques are included.


Table 7-2 Magnetic Resonance Signal Characteristics of Different Tissues






	Tissue

	T1-Weighted Images

	T2-Weighted Images






	Fat

	High

	Low∗







	Cortical bone

	Low

	Low






	Fatty bone marrow

	High

	Low∗







	Red bone marrow

	Intermediate

	Intermediate






	Muscle

	Low to intermediate

	Low to intermediate






	Tendon

	Low

	Low






	Ligament

	Low

	Low






	Fluid

	Low

	High






	Intervertebral disk

	Low

	High






	Desiccated disk

	Low

	Low







∗ Low signal with routine spin-echo imaging. Fast spin-echo T2-weighted images do not show as much loss of fat signal.


The signal-to-noise ratio and image quality of an MR image depend on multiple factors, including magnetic field strength, surface coil design, field of view, matrix size, number of repetitions of the pulse sequences, other pulse sequence parameters, patient size, and body habitus.


STIR imaging shows additive T1 and T2 characteristics and has a high sensitivity for edema and many types of tumors. There is also suppression of the signal from fat, which causes the fat to appear dark, although some nonfat tissues can be suppressed if they have a short T1.77 Kinematic MR images are obtained as a joint is moved stepwise through a range of motion. This is useful to assess patellar tracking abnormalities.151 Kinematic imaging of the temporomandibular joint and shoulder143 can also be performed for specific clinical indications.






Magnetic Resonance Imaging With Contrast Agent Enhancement


Intravenous gadolinium contrast agents have several specific indications when used in conjunction with MRI. In spine imaging, intravenous contrast material is useful for assessing for postoperative scar versus recurrent or residual disk extrusion. Gadolinium contrast agents can show a breakdown of the blood-brain barrier with intramedullary or extramedullary intradural tumors. Musculoskeletal tumor detection can also be improved with intravenous contrast, although additional fat suppression techniques accentuate this enhancement. The use of gadolinium contrast is contraindicated in patients with significantly reduced renal function because of the risk of nephrogenic systemic fibrosis.


MR arthrography with dilute gadolinium contrast material injected into joints significantly improves the delineation of many intraarticular and periarticular structures,63 including the glenoid labrum and glenohumeral ligaments,9,113 the acetabular labrum,37 a postoperative meniscus,4 and the articular cartilage. Intraarticular gadolinium can also improve differentiation of partial-thickness from full-thickness tears of the rotator cuff. Nonenhanced bursal fluid has a different signal characteristic than intraarticular gadolinium. The risks of intraarticular injection of gadolinium are the same as for arthrography and include hemorrhage, infection, and rare anaphylactic reactions. In 1085 consecutive patients injected for MR arthrography, temporarily increased joint pain, most pronounced 4 hours after injection, was the most common side effect and was related to younger age.144












Nuclear Medicine Studies


Radionuclide bone scintigraphy is performed after intravenous injection of a bone-seeking isotope, for example, technetium-99m–methylene diphosphonate to detect areas of increased bone turnover. Multiple lesions throughout the skeleton can be demonstrated in a single study, but radionuclide scintigraphy often has a low specificity. It can be useful for whole-body screening for bony metastases, but bony metastases in a given area can also be detected with MRI, which has a higher specificity and spatial resolution. A bone scan of the foot and ankle for chronic foot pain can help isolate the location of the abnormality, which might then be studied with MRI or CT. Bone scanning is often used to detect stress or insufficiency fractures, but MRI might actually show these lesions earlier and provide better spatial resolution and specificity.


Single photon emission CT (SPECT) is an adjunct to the planar bone scan. It provides cross-sectional images of the body (axial, coronal, sagittal) using the same radioisotope emissions as a bone scan, but with a moving gamma camera. This is especially useful in the spine to show whether activity is greatest at the vertebrae anteriorly or around the facet joints or other posterior elements. The signal-to-background ratio is also improved with SPECT imaging. However, SPECT imaging takes additional time and adds expense, so it is used only for specific indications. In the patient with mechanical back pain, a bone scan can help show the level of facet joint abnormality, although the facet joint with abnormal activity might not necessarily be the one that is painful. Often the contralateral facet is painful from abnormal stresses caused by the “hot” facet joint. Bone scan with SPECT has been shown to be helpful in the identification of patients who would benefit from facet joint injection and has been shown to reduce the number of facets to be injected by clinical determination alone.121


Radiolabeled white blood cell imaging, gallium imaging, or both are sometimes used to identify areas of osteomyelitis or infection. Some noninfected areas, however, such as around the tip of an orthopedic prosthesis or an amputated bone end, can also show increased activity.


Positron emission tomography (PET)/CT scanning, which combines radiotracer uptake in the form of a radiolabeled glucose analog with the anatomic detail of CT, shows promise in localizing infection in difficult-to-diagnose cases such as Charcot joints70 and possibly in patients with joint prostheses86 or orthopedic hardware.









Ultrasound


Targeted musculoskeletal ultrasound can be a useful addition in the diagnosis of musculoskeletal pathology. It is highly operator dependent and should only be performed at sites where the physicians and sonographers are specialized in musculoskeletal imaging and aware of common imaging pitfalls.68 Ultrasound can be used in patients when MRI is contraindicated secondary to MRI-incompatible devices such as pacemakers and when patients have claustrophobia in the MRI unit. Ultrasound does not use any ionizing radiation. High-resolution linear array transducers with a broad bandwidth should be used for musculoskeletal ultrasound. Ideal transducer frequency is between 7.5 and 12 MHz. Ultrasound also has the advantage of being able to dynamically visualize tendons, ligaments, and superficial structures (Figure 7-3).131
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FIGURE 7-3 Transverse ultrasound images of the extensor carpi ulnaris tendon (arrows) at the distal ulna in pronation (left) and supination (right) show changes in tendon position. DU, Distal ulna.




Targeted ultrasound can also be used to evaluate soft tissue masses. The main utility of ultrasound in this regard is to differentiate a solid mass from a cyst. It can also be helpful to determine whether a mass is vascular using Doppler interrogation. Ultrasound can be helpful to determine whether a foreign body is present. It is especially helpful for identification of nonradiopaque foreign bodies such as wood, plastic, and certain types of glass. Most foreign bodies will be associated with artifact such as acoustic shadowing or a comet tail artifact.


Ultrasound can also be a valuable tool for interventional procedures. It can be used to localize fluid collections for drainage and sampling such as in the evaluation of the prosthetic hip. It is also excellent for localization, drainage, and therapeutic injections of popliteal cysts. As always care must be taken to use sterile technique and specialized ultrasound probes. Probe covers should be used for needle-guided procedures. Ultrasound allows direct visualization of the needle for aspiration and injection procedures. For tendon sheath injections the needle placement is verified to avoid intratendinous injection and inadvertent injection of vascular structures or nerves. Before any ultrasound-guided interventional procedure, a thorough diagnostic examination should be performed to characterize the target and surrounding structures. Doppler interrogation can be used to delineate vascular structures to be avoided. Needle path should be in the same longitudinal plane as the transducer so that the needle is visualized during its entire course. Slight back-and-forth motion of the needle is helpful to determine the location of the distal tip of the needle.












Imaging Artifacts


Imaging artifacts exist in great variety. Some of the most common artifacts are discussed here, as they are routinely seen on image interpretation.






Plain Radiography Artifacts


On plain radiographs a common artifact is the Mach line, which, occurs when a bony edge overlaps another bone. A thin, dark line appears just adjacent to the overlapping bone and can be mistaken for a fracture (Figure 7-4).
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FIGURE 7-4 Mach line simulating a dens fracture. (A) Lateral plain film of the cervical spine demonstrates a curvilinear lucency traversing the dens (arrows), but this parallels the undersurface of the C1 ring and mastoid bones as well as extending past the margins of the dens. (B) Repeat extension lateral view of the same patient demonstrates no fracture line at the same site, and there is a fainter Mach line, now located more caudad (arrows).











Computed Tomography Artifacts


The three artifacts seen most commonly with CT are those of partial voluming, streak, and beam hardening. Helical and MDCT scanners can show additional artifacts.7A partial voluming artifact occurs because a CT section has a finite thickness, such as 0.625, 1.25, 2.5, or 5 mm. If a structure extends only through a portion of the section, the attenuation is averaged with that of the structure beside it in the section. For this reason, partial voluming is more likely to occur with thicker sections. Partial voluming can result in missing a fracture in the axial plane, where it is averaged with the solid bone on either side of the fracture. Use of a thinner section thickness minimizes this artifact, which is why cervical spine CT images are obtained with thin-section thickness. CT of ankle or foot fractures may be performed with a relatively thin-section thickness in both the coronal and the axial planes, which minimizes the likelihood of missing a fracture from partial voluming. Helical volumetric CT imaging can also reduce partial voluming.


Reconstruction of the CT data to form an image assumes a constant energy of the x-ray beam as it circles around the patient. An area of increased density, such as thick bone, can attenuate the lower energy portion of the x-ray spectrum and cause a relatively higher energy beam to pass through. This difference in energy over a portion of the data stream can result in beam-hardening artifact, with variable attenuation central to the high-density bone (Figure 7-5).
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FIGURE 7-5 Streak and beam-hardening artifact on computed tomography (CT). A, Postmyelography CT demonstrates low- and high-attenuation anteroposterior streaks at the air–soft tissue interfaces of the piriform sinuses (arrows). This image, obtained at the midcervical level, does not show beam-hardening artifact from the shoulders, and the spinal cord cross-section is well delineated, surrounded by intrathecal iodinated contrast material (arrowheads). B, A more caudal image in the same patient shows beam-hardening artifact from the shoulders, with multiple transverse lines degrading the image and making it more difficult to detect the left posterior extrusion tilting the cord (arrowheads). Streak artifact is seen at the air–soft tissue interface of the trachea (arrows).




Streak artifact occurs where there is an interface between tissues of very different attenuation, such as bone and air, resulting in linear streaks extending along the plane of the interface. This can be seen at the bone-air interface of sinuses or at the interface of a metal prosthesis and bone. Presence of a metal prosthesis can result in both beam-hardening and streak artifacts. Newer CT scanners with multidetector-row arrays can significantly reduce or eliminate artifact from internal fixation hardware or prostheses in concert with improved reconstruction algorithms, and allow for detection of orthopedic hardware complications.48,81,110









Magnetic Resonance Imaging Artifacts


Partial voluming can occur with MRI, in that there is a finite thickness of tissue sample to make an image, and there can be averaging of signal from tissue components within the thickness of the section. This effect can be reduced with thinner section thickness.163 Partial voluming is routinely seen on sagittal images obtained through the spine at the lateral edge of the thecal sac, where there is partial voluming of the CSF with the epidural fat. Partial voluming of the edge of the spinal cord with the adjacent CSF on sagittal images can artifactually increase the signal intensity of the cord on the most lateral images of the cord.


Magic angle artifact is a phenomenon seen on imaging of anisotropic structures that course 55 degrees (the “magic angle”) relative to the main magnetic field in the MR scanner.46,47 There is an artifactually increased signal within the structure at this angle. This artifact most commonly occurs during imaging of tendons that are anisotropic and course at a 55-degree angle to the main magnetic field, such as in the rotator cuff supraspinatus tendon168 or the ankle tendons as they course around the malleoli. The artifact is especially problematic in the rotator cuff, where increased T1 and proton density signal in the critical zone (which might course 55 degrees relative to the main magnetic field) can represent tendinopathy. A partial- or full-thickness tear of the supraspinatus should not be confused with the increased signal intensity arising from imaging at the magic angle, as T2-weighted images show more signal abnormality with tears and less magic angle effect. Signal intensity of peripheral nerves on MR neurography can increase as the nerve courses at the magic angle.28


Chemical shift artifact is seen because the resonance frequency of hydrogen varies with the structure that the hydrogen is within.163 The resonance frequency of fat is slightly different from that of water because of the different hydrogen bonds. Consequently the reconstruction algorithm can position fat slightly differently than water-containing structures, leading to artifacts in the frequency encoding direction. This can cause misregistration of fatty bone marrow in relation to soft tissues adjacent to the bone, giving an asymmetry and inaccuracy of cortical bone thickness in the extremities42 or at the vertebral endplate or cortex.


Motion artifact is usually visible on MR images as blurring or double images.163 Flow artifact from vessels or CSF can cause artifacts, either within the vessel or CSF or in a line in the phase encoding direction.85 These artifacts can often be minimized with flow compensation or saturation bands in the imaging protocol. However, if there is an unusual round focus of signal not expected within a structure, it is prudent to check if it lies in a horizontal or vertical line with a blood vessel and if it is of the same caliber.


Metal artifact occurs when either microscopic or macroscopic metal fragments cause a localized change in the homogeneity of the magnetic field. This can result in a focus of signal void with an adjacent high signal intensity ring.163 These artifacts are dramatically evident when a prosthesis or internal fixation device is present, and they appear as small foci in the postoperative patient if microscopic fragments of metal break off the drills or other instruments during surgery. A small high-signal ring or partial ring near the signal void helps differentiate this artifact from a calcification or hemosiderin. Artifact from metal can be reduced by using T2-weighted fast spin-echo techniques, rather than conventional spin-echo techniques,165 and by careful attention to scanning parameters and alignment of a prosthesis in the magnetic field.81









Ultrasound Artifacts


One of the most common sources of artifact in musculoskeletal ultrasound is from anisotropy. This phenomenon occurs because of the parallel arrangement of tendon fibers. Optimal echoes result from the ultrasound probe being oriented at 90 degrees to the tendon being scanned. When the probe is not perpendicular, decreased echoes return, and the images will show decreased echogenicity within the tendon that can be misinterpreted as a tear or tendinopathy.139 Acoustic shadowing is another potential cause of false-positive tears in tendons and results when areas overlying the tendons have a differing density or thickness, which then causes an acoustic shadow over the tendon.












Imaging of the Spine






Trauma


Imaging for spinal trauma depends on the clinical situation and presence of symptoms, neurologic deficit, and sensorium of the patient. The National Emergency X-Radiography Utilization Study prediction rule (NEXUS), the Canadian C-Spine Rule (CCR) criteria, or both are used to determine when cervical imaging is not indicated.13 For suspected cervical spine trauma the ACR appropriateness criteria have eight clinical scenarios depending on clinical criteria. Some of these include myelopathy, mechanically unstable spine, unevaluable for greater than 48 hours, suggested arterial injury, and suggested ligamentous injury. Depending on the clinical situation, when cervical imaging is indicated, CT with multiplanar reformations is usually the best initial diagnostic procedure. MR is recommended as a complementary procedure in the setting of myelopathy, instability, or ligamentous injury.


Helical CT can better delineate a fracture shown on plain radiograph, and can also disclose other vertebral fractures not seen on plain radiographs.92,109 MRI can best show any traumatic disk extrusion or spinal cord abnormality if the patient has myelopathic symptoms.45 Fast spin-echo T2-weighted images with fat suppression can show soft tissue edema or hemorrhage associated with ligamentous tearing in whiplash injuries in the acute setting.


The ACR appropriateness criteria for blunt trauma meeting the criteria for thoracic or lumbar imaging rate CT with multiplanar reformations highly. MR is also rated highly if neurologic abnormalities are present.


MRI performed before and after intravenous gadolinium instillation can help differentiate vertebral collapse resulting from osteoporosis from that caused by malignancy.36









Intramedullary Abnormalities


MRI is the procedure of choice for assessing the intramedullary space–spinal cord. Six MRI patterns of intramedullary abnormalities have been defined by their appearance on T1-weighted images, before and after contrast injection, and on T2-weighted images, with a short differential diagnosis for each.17


The ACR appropriateness criteria are available for different clinical variants of myelopathy, including traumatic, painful, sudden onset, stepwise progressive, slowly progressive, seen in an infectious disease patient, and seen in an oncology patient. All of these earn high ratings for MRI and high ratings for CT in several variants. The addition of postcontrast enhancement MRI is considered appropriate in several of the variants. This can be done to find the abnormality or to better characterize a known abnormality.


Intramedullary primary and metastatic neoplasms are well shown on MR T2-weighted images. Most intramedullary spinal tumors enhance with gadolinium contrast agents,115 although some intramedullary astrocytomas do not enhance.150 Metastatic tumors can show a very focal enlargement of the cord as opposed to the more diffuse enlargement with primary gliomas.


The abnormalities of multiple sclerosis can be located entirely in the cervical spinal cord without brain involvement. Spinal cord multiple sclerosis plaques are characteristically peripherally located, are less than two vertebral segments in length, and occupy less than half the cross-sectional area of the cord.166 If a cord lesion is suspicious for multiple sclerosis, either by imaging or by clinical criteria, MRI of the head should be performed to look for additional lesions and to strengthen the diagnosis.


MRI can well demonstrate enlargement of the cord from syringomyelia and can demonstrate an associated Chiari 1 malformation. If a syrinx involves the entire cervical region with no Chiari malformation to explain it, consideration should be given to imaging the rest of the cord. Cord tumors located more caudally can be associated with a holocord syrinx.


Increased T2 signal within the cord can be seen in areas of chronic compression from degenerative disk disease and from spondylosis. The likelihood of detecting increased cord signal is proportional to the severity of the clinical myelopathy and the degree of spinal canal compression. The response to surgery is less favorable in patients with an intense, well-defined, increased cord signal than in those with a faint, poorly defined signal or those with a normal signal.29









Intradural Extramedullary Abnormalities


MRI with intravenous gadolinium contrast is the most sensitive imaging study for assessing abnormalities within the dural sac, including drop metastases, hematogenous leptomeningeal metastases, meningitis, and arachnoiditis (Figure 7-6).54 T2-weighted axial images without contrast can demonstrate very well the three different types of arachnoiditis seen on MRI. These include nerve clumping, tumefactive mass-like arachnoiditis, and the “empty sac” sign of the roots being attached to the thecal sac.136 Residual Pantopaque, a possible cause for arachnoiditis, can be seen as a fat signal on MRI because of its oily base.
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FIGURE 7-6 Postmyelography computed tomography of arachnoiditis after laminectomy, fusion, and dural tear demonstrates clumping of the right-sided roots (arrow), with more evenly spaced left-sided roots (arrowhead). This clumping was seen just cephalad to the site of dural repair and dural surgical clips.




Nerve root tumors such as schwannomas or neurofibromas can actually be shown on myelography, as they can move with the roots with upright and prone positioning, indicating their origin. MRI with contrast agent enhancement, however, makes intradural or intradural-extradural root sheath tumors and their relation to the nerve root more conspicuous.









Extradural Abnormalities






Degenerative Disk Disease and Spondylosis


MRI is probably the single best examination to assess the intervertebral disk and surrounding structures. Plain CT and postmyelography CT, however, can both also demonstrate any morphologic abnormalities of the disk. Plain CT or postmyelography CT can show gas within the epidural space from extension through a full-thickness annular tear when the degenerated disk space contains gas, the “vacuum phenomenon” (Figure 7-7). There is little correlation between plain radiograph findings and the presence or absence of a disk extrusion.
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FIGURE 7-7 Non–contrast-enhanced computed tomography of the spine, demonstrating “vacuum” phenomenon, with gas in the disk space (arrows) and extension of gas into the left ventral epidural space (arrowheads), indirect evidence of an annular tear. The ventral epidural gas is just posterior to the left paracentral endplate osteophyte contributing to acquired spinal stenosis.




The high incidence of asymptomatic imaging abnormalities in the general population makes it difficult to prove that an imaged abnormality is the pain generator. Diskography with pressurization of the disk space might be the most accurate method of determining whether an abnormal-appearing disk is a generator of low back pain,108 or a generator of pain radiating to the lower limbs, in a patient with no MRI evidence of nerve root compression,79,98 if the patient has unequivocal concordant symptoms during pressurization different from a control disk level. Controversy remains regarding the utility of diskography.104,108


The ACR appropriateness criteria for chronic neck pain include ratings for 10 variants, including first study, previous malignancy, previous surgery, no neurologic findings, neurologic signs or symptoms, spondylosis (without or with neurologic signs or symptoms), old trauma (without or with neurologic signs or symptoms), and bone or disk margin destruction. Five-view plain films including obliques are the first study of choice, and MRI is indicated when neurologic signs or symptoms, or bone or disk destruction is present.


The ACR appropriateness criteria for low back pain include ratings for the following six clinical variants: uncomplicated acute low back pain and/or radiculopathy, nonsurgical presentation with no red flags; low back pain in the setting of low-velocity trauma, osteoporosis, or age greater than 70 years; low back pain with suspicion of cancer, infection, or immunosuppression; low back pain and/or radiculopathy, surgery or intervention candidate; low back pain with prior lumbar surgery; and cauda equina syndrome. For uncomplicated lower back pain with no red flags, all imaging modalities are assigned a low appropriateness rating. MRI becomes more appropriate in the other clinical settings. Postcontrast MR is given a higher appropriateness rating in the setting of cancer, infection, immunosuppression, previous surgery, and cauda equina syndrome.


The normal intervertebral disk has a low T1 and high T2 signal, with a lower T2 signal cleft centrally and a surrounding low-signal annulus. With disk degeneration the T2 signal of the nucleus begins to decrease as the nucleus dehydrates. Once the disk has lost the T2 signal, the signal does not return. Loss of the T2 signal can be seen with either intervertebral disk space narrowing or normal disk height, but more commonly with the former.


Combined task forces of the North American Spine Society, American Society of Spine Radiology, and American Society of Neuroradiology have developed a standardized nomenclature and classification of lumbar disk pathology.2 Other than normal and disk desiccation, there are four general descriptions of disk disease (Figure 7-8)19:



1. Circumferential bulging of the disk, suggesting laxity of the annulus fibrosus



2. Protrusion of the disk, in which a focal convexity has a width wider than depth, consistent with a partial-thickness tear through the annulus fibrosus. Protrusions can be described as focal, less than 25% of the circumference, and broad-based, between 25% and 50% of the circumference. These partial tears can also show a focus of increased T2 signal that represents fluid or granulation tissue extending through the annular tear. These annular lesions can sometimes appear more like a radial tear, and in some cases more like a partially concentric tear, shaped like a bucket handle tear.



3. Extrusion of the disk, in which a focal convexity has a depth greater than the width, consistent with the nucleus extending through a full-thickness tear of the annulus and extending extraannularly. Other criteria for extrusion that can be used are extension of the nuclear material cephalad and caudad past the levels of the endplates, or visible extension through the annulus and posterior longitudinal ligament.



4. Sequestered or free fragment, in which the extruded disk material is not connected with the native nucleus pulposus. These fragments can be located well cephalad or caudad from the donor site and can extend into the intervertebral foramen. Often these sequestered fragments have different signal characteristics than the native disk.
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FIGURE 7-8 Various disk abnormalities. A, T2-weighted sagittal magnetic resonance imaging (MRI) of the lumbar spine demonstrates normal height and hydration of the L3–L4 disk (thick arrow). The L5–S1 disk space is severely narrowed, with loss of hydration and low T2 signal intensity as well as a circumferential bulging of the disk (arrowheads). The L4–L5 disk space shows moderate loss of height and hydration, with a focal convexity to the posterior disk having a focus of increased T2 signal intensity (thin arrow), consistent with annular tear and protrusion. B, Sagittal T1-weighted MRI obtained more laterally at the intervertebral foramina shows a focal convexity to the L4–L5 disk, which extends cephalad into the intervertebral foramen (arrowheads) and deviates the exiting L4 root superiorly (thick white arrow), representing an intraforaminal extrusion. The adjacent normal intervertebral foramen shows a low-signal exiting root (black arrow) surrounded by high T1 signal foraminal fat. C, Axial T2-weighted MRI of the lumbar spine demonstrates a focal convexity to the disk extending caudad from the left posterior aspect of the disk, consistent with a focal extrusion, as the depth is greater than the width (arrowheads). This extrusion impinges on the exiting left root just posterior (thick arrow) and deviates the descending root within the thecal sac just adjacent (arrow). D, Postdiscography computed tomography demonstrates extension of contrast material into a left central subannular region (arrow), consistent with an annular tear and protrusion. This disk lesion is similar to that seen at L4–L5 in A. E, Axial T1-weighted image of the lumbar spine demonstrates a focal convexity to the right far lateral disk (arrowheads) deviating the exited nerve root in comparison with the normally exiting root on the contralateral side (arrow). The disk abnormality has a depth similar to width, best described as an extrusion. F, Sagittal T1-weighted image of the lumbar spine after intravenous injection of gadolinium contrast agent demonstrates narrowing of the L5-S1 disk space and degenerative changes of the adjacent endplate (arrowheads). Just caudad to the posterior aspect of the disk space is a nonenhancing mass (arrows) that is separate from the native disk space and best described as a free fragment or sequestered disk.




Imaging findings of degenerative disk disease must be correlated with clinical history, physical examination findings, and possibly diagnostic injection results. Many abnormal imaging findings can be asymptomatic. In 60 asymptomatic patients aged 20 to 50 years, the prevalence of lumbar disk bulge was 20% to 28%. For protrusion it was 38% to 42%; for annular tears, 32% to 33%; for extrusion, 18%; and there were no disk sequestrations.176 Disk extrusion, sequestration, nerve root compression, endplate abnormalities, and moderate to severe facet joint osteoarthritis were rare in asymptomatic patients younger than 50 years when the prevalence among all 300 lumbar intervertebral disk levels in the study was considered.176 In 36 patients (ages 17 to 71 years) without lower back pain or sciatica, the prevalence of disk bulge was 81%, protrusion 33%, and annular tears 56%, with no extrusions noted.162 Annular tears showed contrast enhancement in 96%. Assessment of T2 high-intensity zones in the disk (annular tears) by other authors in other studies, however, showed a high correlation with pain at diskography and a low prevalence in asymptomatic patients.5,145 A high prevalence of abnormal findings on cervical MRI of asymptomatic individuals is also seen, and this increases with age.14


Intervertebral disk contour abnormalities can occur anywhere along the circumference of the disk, and can be described by location as central zone, subarticular zone (posterolateral), foraminal zone, and extraforaminal (far lateral). Foraminal zone disk abnormalities can be further described as occurring at the entrance zone, within the foramen, or at the exit zone of the foramen. The level of a herniation can be described as disk level, suprapedicle level, pedicle level, and infrapedicle level.2,179 MRI criteria to differentiate subligamentous from transligamentous disk extrusion, such as the presence of a continuous low signal intensity line posterior to the extrusion, disk extrusion size less than 50% of the size of the spinal canal, and absence of disk fragments, are unreliable.152


Small epidural hematomas can be associated with disk extrusions58 and cause a larger mass effect than can be accounted for by the extrusion itself. If the extradural mass effect trails along a root sheath toward the foramen, or has signal characteristics more like those of fluid or hemorrhage, then a small epidural hematoma should be considered.


Endplate degenerative changes associated with disk degeneration have been classified into type 1 (low T1 and high T2 signal), edema/inflammation and fibrovascular change; type 2 (high T1 and high T2 signal), fatty marrow; and type 3 (low T1 and low T2 signal), consistent with diskogenic sclerosis. Type 1 changes are more associated with lower back pain and segmental instability.127 Some of these endplate abnormalities can be associated with painful disks at discography in patients with low back pain.167,177









Facet Joint Abnormalities


Facet and pars interarticularis abnormalities can often be seen with plain radiography. Oblique views are necessary to assess for a pars defect (spondylolysis). Thin-section CT with bone detail algorithm and sagittal reformations is the most accurate means of assessing for a pars defect, and can demonstrate any hypertrophic bone formation at the facet or pars contributing to foraminal narrowing (Figure 7-9). MRI is relatively insensitive to cortical bone defects, and so 30% of cases of lumbar spondylolysis might be undiagnosed if the physician relies on direct visualization of pars interarticularis defects.172 However, 97% of levels of spondylolysis have been shown to yield one or more secondary MRI signs, including increased sagittal diameter of the spinal canal, wedging of the posterior aspect of the vertebral body, and reactive marrow changes in the pedicle distinct from normal adjacent levels.172 Spondylolysis without spondylolisthesis can appear as widening of the sagittal dimension of the spinal canal because of dorsal subluxation of the posterior elements.171 Fluoroscopy during facet joint injection below a pars defect can show flow of the contrast agent into the pars defect and often then to the facet joint above the pars defect.
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FIGURE 7-9 Multidetector-row computed tomography (MDCT) of pars interarticularis defects. A, Axial CT scan demonstrates discontinuity of the lumbar vertebral ring (arrows). B, Sagittal reformation of axial CT images obtained at a plane through the facet joints and pars interarticularis demonstrates the pars defects (curved arrow) as well as a grade 1 spondylolisthesis (straight arrow). The combination of disk space narrowing and anterolisthesis contributes to bony foraminal narrowing (arrowheads).




Facet degenerative changes of sclerosis, joint space narrowing, and marginal osteophytosis can be shown on plain radiographs, but are optimally demonstrated with CT. MRI is relatively insensitive for demonstrating cortical bone or osteophyte, and shows foraminal narrowing indirectly by effacement of fat around the exiting root. Cartilage degeneration and sclerosis are related to age, lumbar spinal level, and overall facet joint angle, while tropism at the facet joints may result in slightly more sclerosis, but not cartilage degeneration.56


Synovial cysts are best demonstrated on MRI, where the signal characteristics of the lateral extradural mass are usually those of fluid, with low T1 and high T2 signal (Figure 7-10). This will also demonstrate the associated lateral recess stenosis. Postmyelography CT can also be diagnostic if the cyst is large enough to show water attenuation and the adjacent bony facet joint abnormalities are also shown.





[image: image]

FIGURE 7-10 Magnetic resonance imaging of a large synovial cyst associated with facet degenerative joint disease. A, Axial T2-weighted image of the lumbar spine demonstrates a right lateral extradural mass with high T2 signal (arrowheads) impinging on the thecal sac containing the descending roots (arrows). B, An image obtained just inferior to that in A again shows the high T2 signal mass (arrowheads) as well as its association with a narrowed and sclerotic facet joint (arrows). On the left are two additional synovial cysts, with the smaller just medial to the facet joint (open arrow) and another just posterior to the facet joint (curved arrow).











Spinal Stenosis


Spinal stenosis can be described as congenital-developmental or acquired. Acquired spinal stenosis can be further classified as central, lateral recess, and foraminal. Central and lateral recess stenosis is usually caused by a combination of disk degeneration, facet hypertrophic change, and ligamentum flavum enlargement. Although MRI and CT myelography can both demonstrate narrowing of the spinal canal, myelography and postmyelographic CT have the additional benefit of showing facet bony detail and endplate osteophytosis, and allow upright weight-bearing views with flexion and extension, which often accentuate the stenosis. Symptoms of spinal stenosis are usually worse with standing or walking, and there is often a discrepancy in the imaging appearance when the patient is imaged standing versus supine or prone. Foraminal narrowing is often well demonstrated on sagittal MRI images, where there is normally an exiting root surrounded by epiradicular fat. Disk space narrowing and consequent craniocaudal foraminal narrowing, any anterolisthesis, and facet hypertrophic change can be well shown on MRI. The cross-sectional measurement of the spinal canal and intervertebral foramina has been shown to change significantly with body position on an MR scanner allowing upright and flexion-extension positioning.146 An axial compression frame has been made to allow axial loading while the patient is supine for MRI to mimic upright weight-bearing.31 Upright MR scanners might have the patient sitting, which is clinically a position that lessens symptoms of central acquired stenosis and is a position used during myelography to open the canal at a relative block to intrathecal contrast.









Nerve Roots


Visualization of the nerve roots is excellent on MRI, especially on sagittal images of the lumbar region and thin-section axial images of the cervical region. However, cervical myelography can be better at showing subtle impressions on the root sleeves that are difficult to discern on MRI. Postmyelography CT also affords a more accurate measurement of the foraminal caliber than MRI, for cervical foraminal narrowing is often accentuated by the pulse sequences used with MRI. MR neurography using high-resolution surface coils might show some correlation between abnormal increased T2 signal of a cervical root and associated radiculopathic symptoms.


Lumbar nerve root enhancement can correlate with root compression and radicular symptoms.54,67 Indentation and swelling of the dorsal root ganglion can correlate with clinical symptoms.181 Transient enhancement at the affected level can be seen in asymptomatic patients in the first 6 months after surgery.43 However, in patients with residual or recurrent pain greater than 6 months after surgery, nerve root enhancement, thickening, and displacement have been shown to be associated with clinical symptoms.82









Postoperative Spine Imaging


Postoperative spine patients with residual or recurrent symptoms have special imaging considerations. Plain radiographs can often demonstrate any hardware malpositioning or failed fusion.154 If hardware is present, both CT and MRI have some limitations,165 as described previously. Flexion and extension plain radiographs can show motion at a failed fusion site. CT can show gas within the disk space (vacuum phenomenon), which is an indicator of movement. If the patient is asked to fully flex and then fully extend before CT, the vacuum phenomenon can develop and can be used as a sign of nonfusion. With posterior fusions, if the facet joint remains visible and there is resorption of fusion bone, this is an indicator of nonfusion. Persistent lucency above or below a bone plug or anterior fusion cage also suggests nonfusion if enough time has elapsed since the surgery.


Recurrent or residual lumbar disk extrusion is best assessed with MRI before and after intravenous contrast agent injection to differentiate extruded disk material from epidural scar or fibrosis (Figure 7-11).43 Extruded disk material does not show central enhancement during the first 15 minutes after intravenous gadolinium administration, but may show some central enhancement later.65 An extruded disk can exhibit superficial enhancement because of an inflammatory component or surrounding scar (the “wrapped disk”). It might be reasonable to perform both MRI and CT myelography in problematic diagnoses, because some endplate osteophytes, calcified disk fragments, or facet osteophytes can be relatively invisible on MRI. Spearlike osteophytes impinging on the spinal cord or nerve roots might also be invisible on MRI.





[image: image]

FIGURE 7-11 Magnetic resonance imaging of a recurrent disk extrusion after previous diskectomy. A, Axial T1-weighted image obtained without contrast enhancement demonstrates low T1 signal material within the spinal canal and poor delineation of the thecal sac and nerve roots (arrowheads). B, Postcontrast axial T1-weighted image obtained at the same level as that in A shows enhancement of epidural fibrosis and better delineation of the thecal sac (thick arrow), descending nerve roots (thin arrows), and recurrent disk extrusion (curved arrow).




The postoperative lumbar disk can show linear enhancement—two thin bands paralleling the endplates, sometimes with endplate enhancement—as well as enhancement at the curettage site in asymptomatic patients.137


Non–contrast-enhanced MRI, or myelography with postmyelography CT, is usually sufficient for imaging the cervical postoperative patient. Contrast-enhanced MRI sequences are not usually indicated in a cervical postoperative patient, because most operations are performed by the anterior approach and there is rarely scar formation in the cervical epidural space. If the patient has had a foraminotomy or surgical complication, then cervical spine MRI with contrast agent enhancement might be a consideration.









Infection


Classic plain radiographic findings of diskitis or osteomyelitis can clinch the diagnosis if disk space narrowing and endplate loss are shown. However, MRI can demonstrate the disk space narrowing, abnormal disk space signal, endplate loss, and adjacent changes in the vertebral marrow (Figure 7-12).80 Classically there is a decrease in the normal high T1 signal from fatty marrow as well as increased T2 signal in the marrow. Most degenerative narrowed disk spaces exhibit low T2 signal from desiccation. If the T2 signal within the narrowed disk is increased, diskitis is a consideration. Some noninfectious conditions such as Modic type 1 degeneration, acute Schmorl’s node, ankylosing spondylitis, SAPHO (synovitis, acne, pustulosis, hyperostosis, osteitis) syndrome, and neuropathic spine can mimic osteodiskitis on MRI.64 Modic type 1 degenerative changes with low T1 and high T2 signal can mimic the marrow changes of osteomyelitis, but are usually not associated with high disk T2 signal. Some infections can show atypical MR findings, including involvement of a single vertebra, single vertebra and disk, or two adjacent vertebrae without disk (as with tuberculosis, which might show late disk involvement).64





[image: image]

FIGURE 7-12 Magnetic resonance imaging of diskitis and osteomyelitis. A, Sagittal T1-weighted image at the midline shows decreased signal within the thoracic vertebral bodies adjacent to a narrowed disk space with an irregular endplate (arrowheads). The spinal cord is indented ventrally at the disk level (open arrow). B, Sagittal T2-weighted image obtained through the same area as A demonstrates increased T2 signal within the vertebral marrow and disk space with irregular endplates (arrowheads). There is a ventral extradural mass effect on the cord at the disk level and posterior to the vertebral body (open arrows), consistent with epidural extension of the infection.




Postoperative diskitis or osteomyelitis can sometimes be problematic in that a postoperative disk can exhibit increased T2 signal from scar, and there might be degenerative marrow changes showing low T1 and high T2 signal edema. However, the endplates usually remain sharp and intact in the postoperative patient as opposed to in patients with osteomyelitis or diskitis. In the patient with infection, contrast-enhanced MRI is the best means of assessing for any epidural spread or paravertebral abscess.









Tumors and Extraspinal Abnormalities


Non–contrast-enhanced MRI is more sensitive in demonstrating vertebral metastatic disease than is radionuclide bone scan. MRI is especially sensitive (relative to radionuclide bone scan or plain radiography) in demonstrating myeloma involvement.38 Bone scintigraphy, however, has the advantage of being able to survey the whole body for metastases. If the only area of interest is the vertebrae, then MRI can be both more sensitive and more specific. MRI also shows any extradural mass effect on the thecal sac, spinal cord, or nerve roots. STIR images are most sensitive for marrow-replacing tumors.97 Intravenous gadolinium administration can actually make MRI less sensitive for vertebral metastases because the usual appearance—low T1 signal metastases on a bed of high T1 signal fatty marrow—becomes less conspicuous with enhancement and increased T1 signal of the metastases (Figure 7-13).





[image: image]

FIGURE 7-13 Magnetic resonance imaging of vertebral metastases before and after intravenous injection of gadolinium contrast. A, Sagittal T1-weighted image of the lumbar spine obtained without contrast enhancement in a patient with multiple vertebral metastases (arrows) and L4 pathologic vertebral compression fracture (arrowheads) demonstrates predominantly low T1 signal of the lesions against the higher signal fatty marrow. B, After intravenous injection of gadolinium contrast, the metastases enhance and become less conspicuous. The lesion involving the anterior aspect of the L5 vertebral body has become much less apparent (arrows). The tumor involving the L4 compressed vertebral body enhances to demonstrate the bony fragments.




In the setting of a primary vertebral tumor, noncontrast CT is useful to assess bony involvement, bone loss, risk for vertebral collapse, and presence of chondroid or osteoid matrix.132 MRI without and with contrast is useful to assess intraosseous or marrow involvement, paravertebral or epidural extension, and involvement of the spinal cord or nerve roots. Radionuclide bone scan can be helpful in determining whether the tumor is monostotic or polyostotic.


MRI, with its multiplanar capabilities, can demonstrate extraspinal abnormalities,111 but the field of view might be limited because the images are usually tailored (and filmed) to the spinal structures. Coronal images of the spine can show causative paraspinal abnormalities in patients with scoliosis.
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Stimulus:
Th talephone is ringing:t

“De telephone is ringing”

Tlephona is fogging

“Tha telephone uh....uh
the telophone i binging'

“Looky" (Preservatons)

*Stimul for picture descrption from the Boston Dirostc Aphasa Bxam
4Stired for repetition and suditory comprshension Som the Westermn Achsia Batiard®
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Right Left Normal
Ankle

Dorsiflexion/planar flexion (deg) 15150 o0 0200050
Strengeh Unable/3+ s sis
Inversion/eversion (deg) 3070 3020 030020
Strengeh 3+funable sis sis

Knee

Extensionflexion (deg) /130 o130 onss
Strength s sis sis

Hip

Extensionflexion (deg) 10120 o120 oo
Srength i s+ 515
Abduction/adduction (deg) 2530 25730 050030
Strength w5 sis sis
IRER(eg) 3050 2050 3050
Scoliosis =

Flexibilcy B

Eys test + 5

SR -

Ankde Ashworth” 2 !

TardieuV1-V3 (deg) 10 o

Ankle-seective control Impaired. Normat

Knee-selective control Impaired Normat

Hip-selective conerol Normal Normal

A fointinseabily or effusion  — =

Knee joint nstabiy o effusion  + =

Clonus

Ankle + sustained + unsusained

Pacelr - -

Light touch sensation +

Proprioception +

Leg engeh (cm) 955 %

ER,Extemal rotation R, mtermal rotation SLR straght egraing.

g s s ey oo
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Disappears

Reflex Stimulus Response by (mo)
Moro Sudden neck  Shoulder abduction, 46
extension elbow and finger.
extension fol-
lowed by shoulder
adduction and
elbow flexion
Rooting Strokingarea  Head and mouth 4
around move toward
mouth stimulus
Asymmetric  Head wrned  Arm or leg extend on 67
tonic neck  to side face side and flex
on occipital side
Symmetric  Neck flexion,  Arms flex; legs 4
tonic neck  neck extend;arms
extension extend, legs flex
Palmar grasp  Touch palm  Flexion of ll fingers 5.6
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Postural

Age of
reaction  Stimulus Response Emergence
Head Vestbular o Head and face aligned  Prone,2 mo;
righting visual vertical and mouth  supine,
aligned horizontal 34mo
Protective  Center of Abduction of upper  Sicting anterior;
exten- graviey b toward 57 mojat-
sion displaced displacement to eral, 68 mo;
outside base  prevent falling posterior,
of support 7.8mo
i sitting
Parachute  Center of Extension of upper  Standing, 12:14
reac- gravity limbs outside mo toward
tion displaced base of support in disphcement
standing o prevent

falling
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Reflex
Corneal
Pharyngeal
Pabaal
Scapular

Epigastric
Abdominal

Cremastaric
Gluteal

Bulbocavernous (male)
Cltorocavernous (female)
Superfical anal

Elicited by

Touching cornea with hair

Touching postarior wal of pharynx

Touching soft palta

Stroking skin becween scapulae

Stroking downward from ripples

Stroking beneath costal margins and above
inguinal Igament.

Stroking medial surfce of upper thigh

Stroking skin of buttock

Pinching dorsum of gins

Pinching cltris

Pricking perineum

Response
Contraction of orbicularis oculi
Contraction of pharynx

Elevation of palace

Contraction of scapular muscles
Dimpling of epigastrium ipsiaterally

‘Contraction of abdominal muscles n quadrane
stimulaced

Ipsiaceral elevation of cesticle
Contraction of lutei

Insert goved finger to palpate snal contraction
Insert gloved finger to palpace anal coneraction

Contraction of recal sphincters

‘Segmental Level
Pons

Medla

Meduila

o5l

-9

812

L2
415
s1.54
S5

55, cocepgeal

Modilad Seen Mancal ELs Bination of the narveus fyseain I Alers and Mancallh assentiols of the naurciogic anamirosbic od 2: Pididalohis: 1993, FA Dusia. with parmission of FA Davis.
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Gait Analysis Report: MossRohab Hospital

Patient Data:
sex Age
Male £
Gait Parameters
Velocity(m/s)

Stide fongth (m)
Stide tme ()

Stop longth ()
Stoptime 5)
Gadence

Percent stance
Swing tme (6
Dout supports)

Date of Birth
oniie
Lett Right
115 119
119 120
103 101
[ 057
048 053
12605 11287
7807 a2
03 026
02 021

Height (m) Weight (ka)

1699 105
Joint Anglos (dog) _Loft
Hprange 3880
Hpmax 230
Hpmin 650
Kneerange w250
Knea max 240
Knoa min 10
Ak range 240
Ak max 1570
Ankio min 770

Right
2540
2050

3080
260
20

240
1230
-0

Normal
3543
27
2n

5486
23
337

2401
1440
e
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Types
of Dysarthria

Neurologic Diagnosis/Disease.

Onset and Course

Salient Speech, Language and Cognition
Characteris

Faccid

Spastic

Awxic

Hypokinetic

Hyperkinecic

Uniaceral
upper motor
neuron

Mixed

Motor.
planning

Speach
execution

Myasthenia gravis,Wallenberg’s ateral
medullary syndrome, Guilain-Barré
syndrome, muscular dystrophy, progres-
siva bulbar palsy,Bals palsy

Bilaral corticalstroke, nifateral brainstem

stroke,primary lateral sclerosis,
leukoancophalits

Stroke, tmors, trauma, Friedrelch's ataxa,
olivopontocerabellar atrophy. multiple
sclerosis,acute and chronic alcohol abuse,
hypothyroidism

Parkinson' disease, progressive multple
o bilatera strokes, repeated head trauma

Huntington’s disease, orofacal dyskinesia,
‘ardive dyskinesi, stroke,Tourette's
syndrome

Unilateral stroke, wmor

Amyotrophic ateral sclerosis, muliple
sclorosis, Fiedreich's ataxi, progressiva
supranucear palsy,Shy-Drager syndrome,
‘Wilson's disease, mulple strokes,trauma,
tumor,AIDS, encephaliis, meningits

Traumatic brain injury

Dementa

Apraxia of speech

Dysarthrias

B o A St St

Acute or progressive and recovering,
stable, degenerative, or exacerbating-
remitting

Acute or progressive and recovering,
stable, degenerative

Acute or progressive and recovering,
stble, degenarative, or exacerbating-
romitting

Acute or progressive and dogenerative,
o exacarbating-remitting

Acute or progressive and recovering,
stable, dogenerative, or exacerbating-
romitting

Actte or progressive

Acute or progressive and recovering,
stable, doganerative, or exacerbating-
remitting

Penetrating or nonpenetrating head
injury: coup and contrecoup damage
Progressive

Uniateral cortical or subcorticalstroke

rative disease such as
Parkinson's,multple sclorosis,

amyotrophic lateral sclrosis, niat-
eral bilateral or brainscem srokes

Breathy,short phrases, hypernasalty,
impracise articubtion, monopitch,
monoloudness

Strained-strangled voice qualty, slow rate,
imprecise articultion, dysphiga

Impracise and irreguir articulation, distorted
Vowals, excess and equal prosodic stress,
prolonged phonemes, siow rate, harsh
Voice, monopitch, monoloudness

Monopitch, monoloudness, rushes of spacch,
variable rate,impracise articuation

Imprcise articulation, variable rat, prolonged
intarvals, inappropriate siences, excess
foudness variations,prolonged phonemes,
sudden forced inspiration or expiration

Imprecise articultion

Imprecise articulation, impaired resonance,
prosody.vocal qualicy,and respiration

Impaired cogrition, memory,and executive
functioning,anomia, disorganized anguage
sulls socially inappropriate

Progressiely savere loss of memory
and cognition

Articulatory errors,impaired intiation of oral
movement, reduced speaking rate, impaired
articulatory sequencing

Impaired articultory, respiratory, aryngeal,
and resonance abilties
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Age Gross Motor Language Fine Motor Social
3mo  Good head control nsiting Cries Grasps oy Smiles at fce
Rolls back to sde. Coos Object w0 mouth
Hands to midine
6mo Ay tosic Babbies Thumb opposicon emerging  Recognizes family members
Rolls both ways Makes vowels sounds Reaches with one hand
9mo  Craws Uses gestures Can release volunesrly Flays pacey cake
Pulls to stand and cruises Understands ne” Pincer grasp (crude) Plays peckaboo
Can poine
12mo  Walks with hand held Mamaldada specific Bangs two blocks together Waves bye-bye
or independently Has acleast two other words  Grossly turs pages book
Can squat (stand o sit) Responds to name Puts objects in continer
Pincer grasp (maure)
lBme  Canrun Four to 20 words Builds tower of two tofour  Feeds slf
Wl sties Follows simple Instructions cubes Takes off simple clothes
One or more body parts Throws bll
Seribies
Umo  Kicksbal Too-word sentences Builds tower ofsicor seven  Can put on some clothes
Runs better Body pares uber
Incelgble most oftime (70%)  Torns a door knob
200 words Can draw a vertical ine
3y Balances on one foot Firstand fast name. Builds ower ofnine o Dresses
Rides a ricycle Knows age and sex 10 cubes Poty trained
Three.word sentences Holds crayon with ingers Separates easily
Can count three abjects Copiescircle
ayr Hops on one foot Four.to five-word sentences Throws bal overhead Tries to be independent
Stands on one foot S seconds  Counts to 4 Uses scssors Imaginary ply
Knows colors Draws cirle and square
Draws person of wo to four
parss
Syr Skiping Counts 10 or more objects Catches a bal Ties shoelaces
Stands on one foot 10 seconds  Sx-to eight.word sentences Cople trisngle Sings and dances
Mature gt Knows coins Draws person with  body.

Walks backward heel-toe.

Knows address.
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Body weight (%)

Mediolateral shear force

2 . slow; —, normal; —, fast

ot

2

2

Y

s

10 20 a0 40 S0 6 70 80 % 100
Percent stance
Anteroposterior shear force.
80 ..., slow; —, normal; —, fast

10 20 30 40 50 60 70 8 90 100
Percent stance

Vertical force
slow; —, normal; ., fast

10 20 30 40 50 60 70 80 9 100
Percent stance
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Class. Range of Whole-Person Impairment ‘Grades (A-E) of Impairment Wi
‘Within the Class

in Each Class.

Coarse Tuning (Getting o a Class Fine Tuning (Getting to a Grade Within the
Based on History of Clinical Class Based on Physical Examination, Clinical Studies,
Presentation) (%) and Functionl Assessment as Modiflers) (%)

A B c o E
Class 0 (no impairment) o o o o o o
Class 1 (mild impairment) 18 4+ s 6 7 8
Class 2 (moderate impairment) 914 9 10 n n [}
Class 3 severe impairmen) 1524 15 7 1 2 el
Class 4 (very severe impairment) 2530 5 27 » » 0

FOONed Fom NOndnsll A0k . GUE 1 B OGN O Damanent Inpaiment: o3 6, Chicien, 2008, American Medica Assodation FHess.
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End Feel  Normal Example(s) Abnormal Example(s)
Soft Softtissue approximation  Knee flexion Tissue change occurring sooner or later  Sofc dssue edema.
than expected Synovids
A change in a joint that normally has 3
firm or hard end feel
Firm Muscular stretch Hip flexion Tissue change occurring sooner or Increased muscular tonus
Capslar strecch Meacarpophalangeal extension Jater than expected Contracture of capsular,
Ugamentous seretch Forearm supination A change in  joint hat normally has 3 musculr;or ligamentous-
sofc or hard end feel seructures.
Hard Bone contacting bone Elbow extansion Tissue change occurring sooner or Osteoarthritis
Iater than expected Loose bodies in the oint.
Achange ina joine that normally hasa  Fracture
soft or irm end feel
Empry. Abrormal joint end feel  — No end feel noted as a result ofresi- Acste joint inflammation

fance caused by pain

Modified fom Norkin CC. White |: Measurement of joint motion: a guide to goniometry, ed 3 Philadelhia, 2003, FA Davis with permission of FA Davis.

Bursits
Abscess
Fracture.

Peychogeric disorder
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Constantly Frequently Occasionally

Classiication (67%-100% of Workday) (345-66% of Workday) (0%:33% of Workday)
& Sedentary work Negigible Negigiie Less than (016
Light work Negigible Upo 106 Upto 2016
M:Medium work Upto 106 Upto 0l Uptosols
H:Heavy work Upro 2016 Uprosols Upto 10016

V:Very heavy work Upto50b Upto 10016 Over 10016
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loading  midsiance  terminal  proswing | inilal  midswing terminal
response stance swing swing

Stance phase ‘Swing phase
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