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Preface


This text is the outcome of an idea I conceived many years ago when I first became involved in training aspiring professional dancers. I hope it will prove to be a useful educational tool for dance, physical fitness and sports teachers, as well as medical practitioners and allied health professionals involved in rehabilitation through exercise.


For as long as I can remember, I have loved music, movement and dance. I began studying ballet as a child in Australia and went on to train as a classical dancer and subsequently performed and taught professionally for several years. However, a back injury during a particularly extreme training session forced me to change direction and I decided to limit my professional dance work to teaching whilst I underwent training in general nursing. This proved to be very important over the years as it gave me a basic understanding of human anatomy and common medical conditions, and helped to develop my keen interest in injury prevention and health promotion through lifestyle, correct posture and exercise techniques.


There followed an ongoing desire to understand how the extraordinary talents and abilities seen in elite ballet dancers and sports persons depends not only on self-sacrifice and drive, but also on inherent qualities of physique, posture and effective movement patterns. I also needed to understand how there would always be a risk of injuries specifically associated with extreme exercise regimens, irrespective of an individual’s natural talent and ability.


When I was training in Australia it was generally assumed that strenuous, rather than gentle or thoughtful, physical exercise would be most effective in the promotion of physical and mental wellbeing, but the pain and exhaustion experienced as exercise tolerance approached its limit indicated not only muscle fatigue, but also adverse changes in mental concentration, posture, balance and technique.


However, I was fortunate enough to study with an extraordinary Australian teacher who was many years ahead of her time. Although lacking formal medical training she understood the importance of good posture and correct spine function and the harm that might occur during strenuous but poorly executed exercise sessions. She also expected students to learn how to take responsibility for their own progress and we were all quickly taught self-assessment tools so as to understand our personal difficulties with technique and exercise performance.


This proved invaluable for me then, and subse-quently has enabled me to enhance my technical and performance skills, so as to maintain my body shape and posture not only in normal everyday life, but also throughout four successive pregnancies. I now realize that what I had been taught as a young student in Australia proved an invaluable introduction to the underlying principles on which Joseph Pilates and other movement specialists based their exercises.


Such principles remain as integral basis for all efficient movement and this manual, therefore, aims to show how postural faults can be identified and effectively addressed through detailed attention to exercise techniques.










History of Joseph Pilates








I must be right. Never an aspirin. Never injured a day in my life.


The whole country, the whole world, should be doing my exercises.


They’d be happier.


Joseph Hubertus Pilates, in 1965, aged 86





Joseph’s original principles and exercises comprised the following.


Principles:



[image: image] Breathing



[image: image] Concentration



[image: image] Control



[image: image] Centring



[image: image] Precision



[image: image] Flow.






EXERCISES:


The Hundred, Roll-Up, Roll-Over, Leg Circles, Rolling Back, Single Leg Stretch, Double Leg Stretch, Spine Stretch, Open Leg Rocker, Corkscrew, See-Saw, Swan Dive, Single Leg Kick, Double Leg Kick, Neck Pull, Scissors, Bicycle, Shoulder Bridge, Spine Twist, Jackknife, Side Kick, Teaser, Hip twist with outstretched legs, Swimming, Leg Pull Front Support, Leg Pull Back Support, Side Kick Kneeling, Side Bend, Boomerang, Seal, Crab, Rocking, Control balance, Push-Up.


As a teenager, increasingly frustrated by the debilitating consequences of his rheumatic fever, rickets and chronic asthma, Joseph Pilates began to explore alternative methods of overcoming his disabilities. Through extensive physical study of Zen meditation, yoga and the rigorous exercise regimens of the ancient Greeks and Romans, Pilates’ health and strength improved to such an extent that by the age of 14 he was an accomplished gymnast, boxer and skier.


Born in Germany to Greek parents, it is thought that as a young man Pilates may have joined a group of Chinese acrobats and in 1912, at the age of 32, moved to England where he became a professional boxer and self-defence teacher, counting members of the British police force among his trainees. However, his involvement with the police did nothing to protect him as shortly after the outbreak of World War I, Pilates, along with other United Kingdom residing German Nationals, was interned as an ‘enemy alien’ in a camp at Lancaster for a year of enforced inactivity. It was during this period that Pilates began to refine his beliefs in health and physical fitness and, with his fellow inmates as guinea-pigs, started devising a series of exercise combining physical fitness with mental acuity and control of breathing to build core physical strength and flexibility.


Transported to the Isle of Man to work as a hospital orderly for the latter part of the war, Pilates witnessed at first hand some of the human consequences of the conflict in the many disabled and bedridden victims attempting to recuperate from battle injuries, wartime diseases and enemy internment. From his own earlier experiences as a young man, Pilates realized the importance of strengthening muscles to aid recovery from these injuries and so he began gently and systematically moving patients’ arms and legs using his own body to bear their weight. The hospital medical staff noticed improvements in recovery times in those patients with whom Pilates was working and encouraged him to continue developing his ideas, for which he had now begun to incorporate the use of springs taken from one of the old-fashioned hospital beds. He believed that springs could provide progressive resistance similar to human intrinsic muscular activity and simultaneously bear the weight to enable muscles to heal.


After the war, Pilates returned to Germany where he continued to develop his exercises and equipment working with the Hamburg police. He was also building relationships with the dance community, striking a lasting professional and personal friendship with the pioneering Slovakian dancer, choreographer and dance theorist, Rudolph von Laban. However, by the mid-1920s his work was attracting unwelcome attention from the German Army that insisted he train their troops. Therefore, in 1923, with increasing pressure from the militia but with no desire for his techniques to aid their cause, Pilates emigrated to America to start a new life in New York. It was during the long sea crossing of the Atlantic that he met his future wife, Clara, who was to become his patient as he taught her his techniques to help her overcome her chronic arthritis. Clara later became his business partner when they set up his first studio in 1924 on Eighth Avenue in the heart of the dance neighbourhood. Word of this new studio spread swiftly through the dance community and, with the endorsement of such legends as Martha Graham, Tanya Holm and George Balanchine, the studio and its Pilates techniques soon became renowned, not only for aiding rehabilitation of their dancers’ injured muscles, backs, knees and other joints, but also as complementary exercise techniques to promote strengthening and balancing.


Whilst initially the exercise sequences were performed on mats, it was during this golden period that Pilates developed his fully mechanical machine, the ‘Universal Reformer’, now more commonly known as the ‘Plie Machine’, a sliding horizontal bed that could incorporate up to four springs and thus be adapted to meet the requirements of specific exercises as well as match the individual’s strength. Over the ensuing years, Pilates developed other pieces of equipment, all designed like the Reformer to stabilize the torso during exercise and help his clients increase their range of movement, correct misalignments and weight distribution, control muscles and monitor their energy expenditure.


In the 1940s Pilates became increasingly aware of his own mortality and, keen to leave a legacy, began to train three of his students as teachers. These ‘Master Teachers’ – Eve Gentry, Ron Fletcher and Romana Krysanowska – were the first of a now worldwide network of Pilates teachers and, following Joseph’s death in 1967, Krysanowska supported Clara at the New York studio by becoming its Director during the 1970s. Meanwhile, other ‘Master Teachers’ – Bruce King, Kathleen Stanford-Grant and Carola Trier – trained in the 1950s, then Mary Bowen in the 1960s. It was Carola Trier’s own student, Robert Fitzgerald, who, in the late 1960s alongside Trier, trained Alan Herdman, who first brought the Pilates Method to the United Kingdom.


Herdman, formerly a chemical engineer, had gone to train at the London School of Contemporary Dance and was working as a teacher and dancer when he was encouraged by the artistic director of the London Contemporary Dance Theatre to go over to New York to study the Pilates Method. Whilst there he worked intensively with Trier and Fitzgerald and, on his return to the United Kingdom in 1971, Herdman set up Britain’s first Pilates studio, the Body Control Studio at the London School of Contemporary Dance. As with Joseph Pilates’ original New York studio, his first clients were actors, dancers, singers and athletes, but as word of the method’s success spread, doctors and physiotherapists began referring patients struggling with chronic injuries to the Body Control Studio as a rehabilitating measure. Following the success of his first venture, Herdman trained the first United Kingdom Pilates teachers and, as his training schemes grew, new studios were opened in London, as well as throughout the rest of the country and in Europe and Australia.


After Clara Pilates’ death in 1977, Romana Krysanowska continued as Director of the New York studio and during the 1980s the Pilates Method experienced something of a comeback during a period of renewed interest in the technique throughout the United States, the United Kingdom and Europe. As a result of this, in 1991 the Institute for the Pilates Method, Santa Fe, was formed for the purpose of protecting Joseph Pilates’ original technique from distortions and to offer a formalized training scheme for the technique. Originally formed with Michelle Larson as Director and Joan Breibart as President, and joined by the original six Master Teachers as the Advisory Board of Directors, in 1995 the Institute was legally required to change its name as in the United States only Joseph Pilates’ original studio and the teachers it trains were to be permitted to use the name ‘Pilates’. Renamed The Physical Mind Institute, this body still exists, as do the spirit and techniques created and nurtured by Joseph Pilates, whether carrying his name or not.


The legacy of Joseph Pilates and his striving for physical perfection through an implicit understanding of the human body and how it works and moves survives to this day, helping countless dancers, actors, athletes and laymen to rehabilitate after injury and so recover their full physical potential.
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Note to the reader


This text is for dance and movement teachers who need to be able to recognise and address common postural faults as well as for physiotherapists and allied medical professionals using pilates exercises within treatment or rehabilitation programmes.


The anatomy covered should not be regarded as a definitive text; it has been included as an “aide-memoire” when teaching. Further reading for anatomy students is given in the appendix.










Anatomical body charts
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(Reproduced with permission from Thibodeau GA, Patton KT 2007 Anatomy and physiology, 6th edn. Mosby, St Louis)
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BCS5 Thigh arcs 118










Prone posterior hip muscle strengthening (Exercises BCS6–8)
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BCS8 Hamstring curls 125
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Chapter 1 Good posture and how it can be achieved
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INTRODUCTION


Posture is an overall term comprising the relative disposition of all the many parts of the body, but particularly the shape and position of the spine. It cannot be considered in isolation but only in relation to the person’s prevailing situation or environment, which may be static or dynamic.


In a static posture, whilst a person may be standing, sitting or lying still, this should really be regarded as temporarily suspended movement or dynamic posture, as even with so-called static posture there is always a tendency to change.


In dynamic posture there are constant changes in the relative positions and alignment of all the body parts, particularly against the integral structures of the spine, as most occur during activities such as walking, running, dancing, manual handling, etc. In fact, dynamic posture simply describes the constantly changing relationship between all the parts of the body that occur during movement.


Good posture, whether static or dynamic, is difficult to define, but as all the musculoskeletal components of the body – and not just those of the vertebral column – contribute and maintain posture, the term good posture might best refer to one that puts the least strain on bones, joints and their supporting structures. In practice, good posture should equate with standing, sitting, lying or moving comfortably.


The anatomical basis of good posture can be defined as a state of muscular and skeletal balance that protects the supporting structures of the body against injury, the effects of ageing, etc., irrespective of the activity or effort involved. This is best seen in manual handling techniques designed to keep the combined load and body mass over the feet as the supporting base. It enables the individual to work safely and comfortably. In less strenuous activities, such as walking or dancing, good posture reflects poise and an unselfconscious grace, ease or even economy of movement.


Bad posture, in contrast, implies inefficient use or frank misuse of joints and associated muscles and ligaments, with progressive and, ultimately, irreversible injurious effects, with associated physical, and possibly painful disability.


Posture when observed in others may be felt to range between good and bad, and these deviations are difficult to identify without a prescription for ideal, erect human posture. However, it must be noted that in reality normal posture and particularly good normal posture rarely exists, and when assessing and correcting posture it is essential to consider inherent physical features such as body type and proportions, together with ligament length and joint mobility. For example, people with loose ligaments tend to stand with hyperextended knees and hips (resting on their iliofemoral ligaments) and with flexible, exaggerated curves of the spine that are much greater than those seen in people with tighter ligaments.


Posture can also reflect gender, personality, mood, age and state of health and can alter throughout the day, being related to stimulation or fatigue as individuals react with their environment.


Teaching good posture where it is lacking to a greater or lesser degree aims for an optimum relationship between all parts of the body at all times, so that the most effective musculoskeletal function prevails over the full range of an individual’s activities.


Such teaching can only be effective through an understanding of the basic mechanics of static and dynamic posture, and combinations of the two, and the contributions of anatomical position and alignment, and of musculoskeletal function to overall good posture.


At the same time, it is necessary to consider skeletal abnormalities of bones and joints, whether inherent or acquired as in ageing or degenerative conditions, and problems of inadequate or inefficient muscle function following injury or in neurological conditions, leading to weakness, shortening or imbalance, and their mechanical consequences.


Furthermore, as teachers, good posture is something we should be able to see and feel in ourselves. This enhances our understanding of the basic components of good posture whilst maintaining our own good musculoskeletal function. Not only is this essential for safe, effective teaching through example, it also promotes and assists the achievements of better posture in our trainees.


Whether promoting overall good posture or correcting existing elements of bad posture in individuals or groups, each trainee should be helped to understand their specific postural faults or habits. This knowledge, together with tools and strategies for improving posture, will ensure that each trainee is equipped to gain the long-term benefits of good versus less good posture.









HOW THE MODERN HUMAN REMAINS ERECT


As humans evolved, the erect posture was adopted through the development of the bipedal gait. The upper limbs were thereby freed, allowing the functional use of the arms and hands to develop more complex activities. Naturally, the erect stance could only be achieved at the expense of a greatly reduced area and strength of base support, with inevitably less stability when the body had lost the support of what had become the upper limbs. At the same time, therefore, the lower limbs gained strength and agility, and overall body mobility and stability were maintained and enhanced.


Gravity is constantly pulling the body as a whole towards the ground. This force is counteracted by the tone of the postural muscle group, a role that cannot be overestimated because the bones of the skeleton, especially the long limb bones, are too irregularly shaped to stand upon each other and maintain the upright position alone. However, muscles do not maintain the erect position alone and their ability to counteract gravity is under the control of the central nervous system which is implemented by information contributed by ligaments, tendons, joints and the muscles themselves, together with input from special senses, mainly visual and vestibular, which help to identify the position of the head in space. Other systems involved less directly by contributing to metabolic homeostasis include the respiratory, circulatory, excretory, digestive and endocrine systems (Thibodeau & Patton 1993).


Although the contributions that these systems make must be appreciated, they will not be considered here, as the topics for discussion in this chapter are posture, balance and the muscular activity involved in maintaining an erect posture.






Summary






Advantages of good posture






[image: image] It ensures that the progressive, but controlled, development of all the postural muscles is both promoted and maintained.



[image: image] It helps to maintain overall body fitness so that physical activity is efficient and well coordinated.



[image: image] It, therefore, also helps to protect the spine by aiding lifting and handling of loads efficiently.



[image: image] It helps to compensate for skeletal changes that occur, for instance in prolonged illness, as well as with advancing age.



[image: image] It helps to protect the back and prevent injury in pregnancy and during the postnatal period.



[image: image] Overall, it promotes a feeling of well-being, confidence and poise during sitting, standing, moving and general day-to-day activities.









Disadvantages of bad posture






[image: image] More rapid, and sometimes permanent, skeletal changes as age advances.



[image: image] Muscle imbalance and resulting injuries.



[image: image] Less efficient breathing and circulation.



[image: image] A sluggish digestive system.



[image: image] Lack of coordination and the ability to move with ease.



[image: image] An adverse effect on mood and well-being.


It is important to realize that bad posture, even when only temporary, as for instance with illness or pregnancy, etc., can lead to a long-term or even permanent loss of previously good posture with associated physical and sometimes psychological problems.















GOOD ERECT POSTURE


Good erect posture (Fig. 1.1) requires an understanding of the vertebral column’s structure and function as well as the basic principles of maintaining an upright stance. It also demands the ability to observe and assess posture so as to recognize common postural habits, faults and movement patterns.





[image: image]

Figure 1.1 Good erect posture.


Reproduced with permission from Sahrmann (2002).





These are discussed under the following headings:



[image: image] Basic principles of maintaining an upright stance:


– Spinal anatomical structures



– Body mass and centre of gravity



– Base of support



– Line of gravity



– Centre of pressure



– Balance and stability.






[image: image] Postural observational skills and assessment:


– Body types



– Assessment procedures



– Ideal alignment



– Easily recognized faulty postures



– Common faults in foot placement and leg alignment.












BASIC PRINCIPLES OF MAINTAINING AND UPRIGHT STANCE






Spinal anatomical structures


‘The back’ or ‘the spine’ comprises the vertebral column and associated ligaments and muscles, together with the intervertebral discs and the contents of the vertebral canal (Figs 1.2 & 1.3).





[image: image]

Figure 1.2 Side view of spine.







[image: image]

Figure 1.3 Back view of spine.




The intervertebral discs cushion the bony vertebrae, providing shock absorption and giving flexibility for the spine to move. The shock absorption properties of the discs are essential in protecting the spine from trauma during everyday activities and are particularly effective for walking, going up or down steps or inclines, running, etc. In addition, the health and integrity of the intervertebral discs determine to a great extent the overall function of the spine as the discs allow movement to occur between each vertebra during bending, stretching and twisting, and movements comprised of combinations of these possibilities.


In a healthy disc, the spongy, jelly-like nucleus is enclosed within a fibrous ring (annulus) that allows the disc to change shape during movement but prevents the nucleus leaking out. The ability of the nucleus to change shape during loading and unloading of the spine is demonstrated in Figures 1.4-1.6.





[image: image]

Figure 1.4 A Unloaded disc: side view of spine. B Loaded disc: side view of spine.







[image: image]

Figure 1.5 Forward bending.


Redrawn with permission from Oliver (1999).








[image: image]

Figure 1.6 Backward bending.


Redrawn with permission from Oliver (1999).





As the disc nucleus contains a great deal of water, constant pressure exerted on the discs throughout the day will adversely affect their overall size, sponginess and shock-absorbing properties. As the day progresses, water leaks from the discs causing shrinkage of the nucleus. This leads to a loss of disc height that results in less effective disc function and overall mobility and function of the spine itself. However, these changes are reversed during periods of rest, especially when recumbent in bed at night, and varying the amount of pressure exerted on the discs throughout the day can also help to maintain and improve disc health and function (Fig. 1.7).





[image: image]

Figure 1.7 How pressure on the discs is affected by different postures.


Redrawn with permission from Oliver (1999).





The intervertebral discs permit movement of the spine, and the range and types of movement are limited by the shape and structure of the different types of vertebra (compare the cervical and lumbar regions) and the strength and length of the ligaments. Movement is controlled by the muscles of the spine and trunk under the influence of motor nerve impulses from the brain.


In the normal spine, the small facet joints on the posterolateral aspects of the vertebrae fit neatly together, so that hyperextension and extreme twisting movements are limited. However, narrowing of the intervertebral space through an exaggerated lumbar lordosis or damage to the intervertebral discs places undue stress on the joints causing pain (Fig. 1.8).





[image: image]

Figure 1.8 Narrowing of disc space increases pressure on facet joints.


Redrawn with permission from Oliver (1999).









Muscles and ligaments supporting the vertebral column






Muscles


The erector spinae is a longitudinal mass of muscles ascending along the posterior aspect of the vertebral column from the sacrum to the skull (Figs 1.9 & 1.10A&B). This large and somewhat complex extensor of the spine is divided into three parallel columns termed deep, middle and superficial, each further subdivided into individually named components arranged in ascending series.





[image: image]

Figure 1.9 The deepest level of the spinal musculature demonstrates three primary patterns: spinous process to transverse process, spinous process to spinous process, and transverse process to transverse process. The more superficial muscles can be analysed as ever-longer express versions of these primary locals.


Reproduced with permission from Myers (2001).








[image: image]

Figure 1.10A







[image: image]

Figure 1.10B The erector spinae muscle showing its constituent parts.


Reproduced with permission from Palastanga et al (2006).









Deep layer – interspinales, intertransversarii, rotatores






[image: image] Interspinales: these small muscles, lying in series together with the interspinous ligaments, join adjacent spinous processes.



[image: image] Intertransversarii: these are a similar series of thin muscles that join adjacent transverse processes; they tend to be stronger in the upper part of the erector spinae.



[image: image] Rotatores: these join one transverse process to the spinous process of the vertebra above; they are confined to the thoracic spine, which is where the only true rotation of the vertebral column can occur.


These deep muscles are small and not individually strong; however, collectively, their close proximity to the vertebrae confers their important contribution to the integrity and correct function of the whole spine, possibly with respect to its more subtle postural adjustments.









Middle layer – multifidus, semispinalis, levatores costarum






[image: image] Multifidus: this has the deepest and shortest muscle fibres in this layer. Each extends from the laminae and mamillary processes of one vertebra to the spinous process of a vertebra that is positioned two or three segments above. Multifidus extends in series from the sacrum to the upper part of the neck.



[image: image] Semispinalis: the fibres of this muscle lie superficial to multifidus, and extend over three levels from the lower thoracic region to the base of the skull, named in ascending order: semispinalis thoracis, cervicis and capitis:


a. Semispinalis thoracis – extends from the transverse processes of the lower thoracic vertebrae to the spinous processes of the upper thoracic vertebrae (Last 1959, p. 612)



b. Semispinalis cervicis – larger and more powerful than semispinalis thoracis, it originates above and in continuity with it. It is inserted into the spinous processes of the cervical vertebrae including the bifid spinous process of the axis or first cervical vertebra



c. Semispinalis capitis – the most powerful layer of semispinalis, it arises from the transverse processes of the upper thoracic and the articular processes of the lower cervical vertebrae and is inserted into the base of the skull around the midline of the occipital bone.






[image: image] Levatores costarum: these are small, strong, triangular muscle pairs, 12 in number, found between the eleventh thoracic and seventh cervical vertebrae. Each of the 12 pairs descends from the transverse process of the vertebra above to the upper border of the rib below, near its tubercle. The fibres fan out as they pass downwards and laterally (Palastanga et al 2002, p. 481).


This whole middle layer constitutes a greater muscle mass than the deep layer and, together with the muscles of the anterior abdominal wall, makes a major contribution to the stabilization of the entire spine. Multifidus is the particular component thought to play an important role in establishing and maintaining good upright posture. Levatores costarum, on the other hand, is more concerned with assisting the inspiratory muscles of the thoracic ribcage.









Superficial layer – iliocostalis (lateral), longissimus (intermediate) and spinalis (medial)


Sacrospinalis is a collective term for this most superficial of the three layers and is itself subdivided into lateral, intermediate and medial columns lying in parallel. The whole extends from the back of the sacrum and inner edge of the iliac crest to the ribcage. It is a complex arrangement of muscle fibres and bundles, again subdivided into serial sections, of which the detailed origins and insertions are not of specific importance in the context of this manual:



[image: image] Iliocostalis: the lateral column has three sections ascending in series: iliocostalis lumborum, thoracis and cervicis.



[image: image] Longissimus: the intermediate and strongest column similarly has three sections: longissimus thoracis, cervicis and capitis.



[image: image] Spinalis: is the relatively insignificant medial column, subdivided into spinalis thoracis, cervicis and capitis, of which spinalis thoracis is the most clearly defined. Spinalis cervicis and capitis are small, poorly defined and are frequently merged with adjacent sacrospinalis muscle columns.


All these long muscles of the back, together with those of the pelvic floor, the gluteal muscles, the adductors of the thigh and the muscles of the torso all help the erector spinae to stabilize the vertebral column and so provide the foundation of safe, effective movement of the whole body.


















Body mass and centre of gravity


The centre of mass of an object is defined as the point about which the mass is evenly distributed and this definition cannot easily be applied to the irregularly shaped human body. However, by first considering the mass of the whole body and then assessing the percentage that the head, neck, trunk, upper and lower limbs individually contribute, allows an approximation of where the centre of gravity would lie when the body is standing upright (Table 1.1).


Table 1.1 Mass of each body segment in percentage of total body mass






	Segment

	% of body mass






	Trunk

	49.7






	Head and neck

	8.1






	Upper arm

	2.8 each






	Lower arm

	1.6 each






	Hand

	0.6 each






	Total arm

	5.0 each






	Upper leg

	10.0 each






	Lower leg

	4.7 each






	Foot

	1.4 each






	Total leg

	16.1 each







Reproduced with permission from Palastanga et al (2002).


This is said to be approximately at the level of the second sacral vertebra within the pelvis but shifts according to body and limb movements. For example, flexing the shoulders and reaching both arms forward shifts the orientation of the body’s centre of gravity relative to its base of support.









Base of support


Any part of an object in contact with a surface that is, therefore, supporting it is described as its base of support. This can alter and depends on whether the object is static or in motion and, where the human body is concerned, will depend on the specific posture adapted at any particular time. For example, when standing upright both feet provide the base of support, but during walking, the base of support shifts from one foot to the other as each step is taken. When moving from standing to lying supine, the base of support is increased as more of the body is supported on a surface and, when moving from lying supine to four-point kneeling, the base of support is decreased as the whole of the body weight is supported by the hands, lower legs and feet.









Line of gravity


In the ideal upright static posture the line of gravity is described as a perpendicular line falling through the middle of the body’s centre of gravity. When a body is viewed from the side it is imagined falling through the middle of the external auditory meatus, slightly in front of the shoulder joint, just behind the axis of the hip joint, in front of both the knee and ankle joints and just in front of the heel bone. When a body is viewed from in front or behind, the line divides the body into two equal parts and falls between the feet.


During postural assessment, observing the line of gravity is useful in that it defines ideal static alignment and confirms the enormous variations in human posture; however, it should be realized that it will not necessarily identify underlying biomechanical faults.









Centre of pressure


There is a force reflected from the ground as a result of the action of the body’s weight onto the ground. The centre of this reflected force is described as the centre of pressure and, in the upright stance, it lies within the body’s base of support.









Balance and stability


A body’s shape, mass and orientation in relation to the surface area, shape and position of its base of support determines where both its centre and line of gravity will lie (Fig. 1.11). All these factors contribute to overall balance and stability.





[image: image]

Figure 1.11 During quiet upright standing the contact area with the floor underneath the feet and the area in between the feet is the base of support (BOS). Because people cannot easily move their line of gravity to the outer edges of the BOS, the stability limit has been defined as the area within which people can move their line of gravity without losing balance. The centre of pressure (COP) of the ground reaction force is located well within those two areas. Because a person will always sway a bit, the COP oscillates with a certain amplitude.


Reproduced with permission from Trew & Everett (2005).





A stable body will have a stable centre of gravity lying sufficiently low above its base of support to ensure this. Additionally, its line of gravity should fall through the centre of pressure to lie within the base of support.


A stable body will be able to maintain both its centre and line of gravity whilst resisting a short duration of applied force, or will be able to be displaced by an applied force of short duration and yet return to its original, balanced position.


Conversely, an unstable body will lose both its centre and line of gravity when a force of short duration is applied, and will then continue to lose balance as it is further displaced so as to become subject to the influence of gravity.












POSTURAL OBSERVATIONAL SKILLS AND ASSESSMENT


As all individuals have unique anatomical profiles it is difficult to identify definitive attributes for describing normal posture. However, it is possible to identify the components of ideal alignment and posture and these are the standards used for observing and assessing the many postural variations that may be encountered.


Before assessing posture, personal details such as age, sex, medical history, psychological status and adaptive influences, such as occupation, lifestyle, etc., should be noted.






Body types


Classifying body type can also be helpful as inherent characteristics are commonly associated with specific postural faults. These underlying factors will also predetermine the outcome of an exercise programme for a particular person.


For example, a tall, slim individual with naturally poor muscle tone (ectomorph) may be inclined towards having a sway back or exaggerated kyphotic posture and be resistant to building and maintaining muscular strength. Although carefully designed exercise programmes may improve muscle tone and endurance, this would be lost without ongoing training.


The basic anthropometrics classifications are as follows:



[image: image] Endomorphs are inclined to be pear shaped with comparatively shorter limbs and extra subcutaneous fat around the hips and thighs.



[image: image] Ectomorphs tend to have slender, lean bodies with comparatively poor muscular development, do not gain body weight easily and may even be underweight.



[image: image] Mesomorphs have strong athletic bodies with broad shoulders and comparatively narrow hips and need regular exercise to maintain their musculature and prevent loss of muscle tone and weight gain.









Assessment procedures






Assessment of static standing posture


To begin, ask the subject to stand with the feet bare and approximately 8 cm apart (the examiner can place one foot between the subject’s feet to achieve this correct position) and the body weight distributed evenly between the feet.


Considering the fall of the plumb line, observe posture from the side and back (initially one might use a plumb line but with experience exercise teachers learn to imagine such a line) and note the surface markings and underlying anatomical structures that would normally coincide with the plumb line as shown in ‘Ideal alignment side view’ and ‘Ideal alignment back view’. Record any deviations from ideal alignment and note the overall balance of the whole body over the lower limbs and feet.


Next scan the body from the feet up to the head to identify obvious features associated with common postural faults such as flat feet, foot pronation or supination, bow legs or knock knees, exaggerated spinal curves or a forward-poking chin, etc.


Continue with a more careful study of segmental alignment beginning with the head, spine, pectoral girdle and upper limbs followed by the pelvis, hips, lower limbs and feet using the landmarks described in the following charts as guidelines.


Compare deviations from an ideal alignment with those identified as features of common postural faults to confirm specific problems and how to address them.


This same process is used to identify and address faults that occur during sitting, when moving from sitting to standing, and when mobilizing the spine.


Exercises to improve spine mobility should aim to provide continuous support for the intrinsic spinal structures whilst moving each vertebral joint through its optimum range of movement (see Chapter 4).









Assessment of sitting


This might also be formally assessed to confirm the effects that adaptive influences and habits have on a particular person.


To begin, ask the subject to sit on a chair or firm bed that allows the feet to rest on the floor with the upper thighs fully supported and the backs of the knees unrestricted. The feet are positioned approximately hip distance apart.


Scan the body from the feet up to the head to identify habits such as slouching with excessive rounding of the thoracic spine as well as other features associated with common postural faults – a forward-poking chin, incorrect pectoral girdle and pelvic alignment, foot pronation or supination, etc.






Ideal sitting posture


In correct sitting posture the body weight is adjusted to balance over the ischial tuberosities so that, together with the thighs, they provide a stable base of support (Fig. 1.12). The knees are flexed approximately 90 degrees and the lower legs are perpendicular, with the heels aligned with the backs of the knees.





[image: image]

Figure 1.12 A backrest or cushion behind your low back helps to straighten it.


Redrawn with permission from Oliver (1999).





The lumbar spine is in approximately mid flexion with the lordotic curve intact but slightly reduced in comparison with standing, and the soft supporting structures in the lower back should appear comparatively relaxed. The whole spine is lengthened, with the crown of the head reaching towards the ceiling and the upper torso balanced above the pelvis. The position may be actively supported by gentle pelvic floor and lower abdominal muscle activation but ideally is maintained without conscious muscular effort.









Ideal supported sitting position


In ideal supported sitting the whole length of the spine rests against a firm surface that inclines very slightly backwards from the perpendicular.









Moving from sitting to standing


When moving from sitting to standing the knees are flexed between 90 and 110 degrees so that the feet lie directly below or slightly behind the knee joint. The spine remains stable whilst the hips increase flexion to about 55 degrees from the upright sitting position to move the body and its centre of gravity slightly in front of the ankle joints. Still seated, the shoulder joints flex up to around 50 degrees, bringing the arms and therefore the body’s centre of gravity further in front of the ankle joints to lift the buttocks from the seat. As the body’s weight is transferred from the seat to the legs, the hips and knees may extend slightly but still remain in flexion. At this stage the ankles are dorsiflexed to their maximum so the dorsiflexors as well as gluteus maximus and the hamstrings are strongly active.


Once the body’s centre of gravity is well established over the feet, the hips and knees simultaneously begin extending and, as extension progresses, the trunk moves more vertically towards the upright position. At the same time plantarflexor activity at the ankle assists hip and knee extension, and slight cervical spine flexion occurs to ensure that the skull balances correctly on top of the spine. Hip, knee and trunk extension continue until standing is achieved.












Assessment of forward bending






Normal


Forward bending from a standing position is the most common movement occurring in daily activities. It begins with the pelvis swaying backwards as the hips flex, so allowing the body to remain balanced over its base of support. Ideally, during this initial hip flexion, the lumbar spine also begins to move into flexion, but only slightly. However, there are normal variations in movement patterns, especially in relation to gender, with men tending to flex more easily in the lumbar spine and women more so in the hips. Even so, the correctly functioning lumbar spine should still not have moved through more than 50% of its total range of flexion.


To progress forward bending, the lumbar spine continues to reduce its lordosis until the curve has just flattened. Once this has occurred, hip flexion continues the motion to the end of the range of forward bending. Ideally, the alignment at that stage should have remained balanced over the feet with the knees passively extended and with no exaggerated swaying back at the ankles, knees or hips. The hips will then be flexed by approximately 70–80 degrees, the lumbar spine just flattened and the thoracic spine forming a lengthened, gentle and smooth curve (Palastanga et al 2002, p. 58).









Variations in alignment at the end of forward bending






[image: image] Limited hip flexion causing lower thoracic spine flexion with a backwards sway of the hips, as may occur in individuals with a trunk that is long in relation to the lower limbs.



[image: image] Normal hip flexion (70–80 degrees) with a flattened lumbar spine but with excessive thoracic flexion, as may occur in individuals with impaired segmental spine mobility.



[image: image] Normal hip flexion but with the lumbar spine curve being actually reversed as opposed to only flattened, as may occur in individuals with a trunk that is short in relation to their lower limbs.



[image: image] Limited hip and spine flexion and with an exaggerated swaying back of the ankles, knees and hips, as may occur in individuals with restricted spine mobility and short or tight calf musculature, particularly gastrocnemius.



[image: image] Excessive lumbar flexion, as may occur in individuals with a flat back posture. The normal range of lumbar flexion is no more than approximately 50 degrees, and when moving into flexion from the normal lordotic position the first 20–35 degrees will only bring the lumbar spine into a neutral position, thereby allowing a further 15–20 degrees of lumbar flexion during forward bending. When an individual with a flat back posture flexes the lumbar spine from a neutral position, 50 degrees of lumbar flexion can still occur during forward bending. This could allow the lumbar spine a degree of flexion outside its safe anatomical range which might damage ligaments and other soft supporting structures at the back of the spine.












Assessment of return from forward bending






Normal


When returning from forward bending the initial part of the motion is hip extension, and then the hips and spine extend concurrently and smoothly, with the vertebral segments mobilizing in sequence to return to the upright position. A correct movement pattern demonstrates combined lumbar spine and hip extension, and, as the hips have the greatest overall range of movement, they can be seen to move the most. Once the upright position is achieved, the normal spinal curves are re-established to balance the body correctly over the lower limbs and feet (Palastanga et al 2002, p. 60).









Common faults in movement sequencing during flexion and return from flexion






During flexion:






[image: image] More than 50% of the total range of lumbar flexion occurring before the initiation of hip flexion occurs in individuals with excessive lumbar spine mobility and restricted segmental movement in other areas of the spine and who commonly have associated low back pain.



[image: image] Failure of each segment of the vertebral column to contribute its optimum range of movement can be found in individuals with exaggerated spinal curves or where pathology or pain limits overall mobility. Some segments may then become hypermobile whilst others become correspondingly hypomobile.



[image: image] Lumbar flexion greater than 25–30 degrees at the end of forward flexion is a feature in some individuals with low back pain associated with excessive lumbar spine mobility and restricted movement in other areas of the spine.



[image: image] An exaggerated swaying back of the hips and ankles with restricted hip and spine flexion, as may be associated with calf muscle tightness and reduced spine mobility.



[image: image] Exaggerated thoracic spine flexion, limited hip flexion and bent knees towards the end of forward bending, as may be found in individuals with a trunk that is long relative to the lower limbs or in those with inflexible gluteal, hamstring or calf muscles.









During return from flexion:






[image: image] The motion initiates in, or is confined more to, the lumbar spine soon after the hips begin to extend, as may occur in individuals who have low back pain caused by extension, or who habitually use the lumbar spine rather the hips when performing everyday activities.



[image: image] During the motion the hips and ankles sway forwards markedly to reduce the load on the hips as found in those with swayback posture and weak hip flexors.



[image: image] The motion initiates in and remains confined more to the hips with minimal spine mobilization as found in individuals such as gymnasts who repeatedly hyperextend the lumbar spine and who possibly have strong, tight anterior abdominal wall muscles that may limit thoracic spine mobility.



[image: image] Failure of each segment of the vertebral column to contribute its optimum range of movement can be found in individuals with exaggerated spinal curves or where pathology or pain limits overall mobility. Some segments may then become hypermobile whilst others become correspondingly hypomobile. This can contribute to low back pain.















Assessment of lateral flexion or side bending






Normal


The total range of side bending motion may be greater than 75 degrees depending on the number of mobile thoracic spine segments involved. Movement occurs most freely in the lower segments of the thoracic spine (approximately 8–10 degrees per segment) where the ribs do not restrict side bending. In the other thoracic and the lumbar spine segments side bending is comparatively restricted (approximately 6 degrees per segment) but fairly evenly distributed between them; however, at the lumbosacral junction only about 3 degrees of lateral movement is possible.


During side bending the lateral movement of the vertebral segments occurs concurrently with rotation. When the spine flexes to the right the thoracic vertebrae rotate to the right and the lumbar vertebrae rotate to the left; this coupling action results in restricted lateral flexion to the right, reducing spine mobility during rotation to the left, and vice versa.


When assessing side bending, the lumbar spine should appear to curve smoothly and gently from just above the lumbosacral junction, and this curve blends into a more obvious lateral curve along the lower thoracic spinal segments. The lower thoracic curve continues upwards as a more gentle curve formed by middle and upper spine segments so that, as the body folds over the iliac crest, the spine forms a lengthened, smooth, C-shape.









Observable faults during the side bending motion






During side bending to the right:






[image: image] Failure of each segment of the vertebral column to contribute its optimum range of movement can be found in individuals with exaggerated spinal curves or where pathology or pain limits overall mobility. Some segments may then become hypermobile whilst others become correspondingly hypomobile. This can contribute to low back pain.



[image: image] Lumbar spine straightness as found in those individuals with very well-developed paraspinal muscles, the stiffness of which might inhibit lumbar vertebral movement, so that during side flexion the lumbar spine remains straight apart from one axis of rotation towards its base at the lumbosacral junction.



[image: image] To assess and correct this, the teacher may support the subject at the level of the iliac crest to stabilize the pelvis before side flexion and then cue for the lower ribs to be drawn in towards the waist on the side of flexion. If the above measures correct the problem, and the lumbar spine then curves during side flexion, the lumbar paraspinal muscles are probably stiff but not necessarily shortened.



[image: image] Lumbar spine straightness may also result from tensor fasciae latae tightness that may restrict lumbar spine mobility when side bending to the opposite side.



[image: image] Restricted side bending movement to one side, with comparatively free side bending to the other, can be attributed to the postural rotation of spinal segments occurring in conditions such as scoliosis. Should the spine habitually rotate to the right during side bending, its rotation to the left is limited, so restricting side bending to the right. Conversely, as the spine is already rotated to the right, side bending to the left is relatively free.















Assessment of spine rotation


The thoracic spine allows approximately 35 degrees of rotation in each direction, the lumbar spine approximately 13 degrees and at the lumbosacral junction there is normally about 5 degrees of motion, making it the most mobile single junction. The thoracic spine is where spine rotation should mostly occur, as the shape and orientation of each thoracic vertebra allow an optimum range of movement for each spinal segment. The lumbar spine and the lumbosacral junction are prone to injuries caused by excessive, repetitive rotary motions with the lumbar spine flexed, and therefore should be comparatively immobile during spine rotation (Tables 1.2 & 1.3).


Table 1.2 Summary of ideal movement during bending forwards and returning from bending forwards






	Movement sequencing into forward bending

	Movement sequencing to return from forward flexion






	


1 The pelvis sways slightly backwards and the hips begin to flex to initiate forward bending




	


1 The hips extend to initiate the return from forward bending









	


2 The lumbar spine begins to reduce its curve to progress forward bending




	


2 The hips and spine extend concurrently, with the hips moving more than the spine to continue the motion









	


3 The lumbar spine continues to reverse its curve until it begins to flatten to and further progress forward bending




	


3 The hips and spine extend concurrently, with the hips moving more than the spine to continue the motion









	


4 The lumbar spine flattens and the movement continues as hip flexion to and further the end range of motion




	


4 The hips and spine extend concurrently, with the hips moving more than the spine to continue the motion









	


5 The lumbar spine has flattened, the hips are flexed approximately 70–80 degrees and the thoracic spine forms a lengthened, gentle curve at the end of the motion




	


5 The lumbar lordosis is re-established to return to a correctly aligned and balanced upright posture at the end of the motion










Table 1.3 Summary of ideal movement during spine lateral flexion and rotation*






	Lateral flexion

	Rotation






	


1 The greatest range of motion is in the lower thoracic spine. The whole thoracic spine has a total range of movement greater than 75 degrees (the whole spine should form a smooth continuous curve)

As the spine flexes to the right the thoracic vertebrae rotate to the right






	


1 The movement initiates in the thoracic spine (the movement should be cued to occur from above the waist, e.g. for ‘rotate the chest’)









	


2 The range of motion in the lumbar spine (L1–S1) is approximately 27 degrees. The range of motion at the lumbosacral junction is approximately 3 degrees (the lumbar segments should form a smooth continuous curve)

As the spine flexes to the right the lumbar vertebrae rotate to the left






	


2 As the motion continues it should be confined more to the thoracic spine










* Based on data from Bobath (1978), Larson & Gould (1974), Sahrmann (2002), White 1969, White & Panjabi (1978).












Ideal alignment






Static postural observation from the side


In this position the imaginary plumb line represents the postural line of gravity and facilitates the observation of relative symmetry in the sagittal plane. Beginning with the spine, observe in relation to the plumb line the positions of the head, tips of the shoulders, hip and knee joints, and note unnecessary tension in associated muscles and soft tissue (Figs 1.13-1.15).





[image: image]

Figure 1.13 A line projected through the centre of gravity onto the floor is called the line of gravity. In the picture this line is shown on a person standing ideally upright. Some anatomical landmarks give a better indication of where the line is located.


Reproduced with permission from Trew & Everett (2005).








[image: image]

Figure 1.14 Ideal alignment side view: the subject stands upright in bare feet placed slightly apart to be directly below the hip joints. The feet are facing forward and parallel with each other. The knees are straight but relaxed, the arms hang freely so that the hands are just in front of the hips. The eyes look straight ahead and both hips and shoulders are unrotated.


Reproduced with permission from Trew & Everett (2005).








[image: image]

Figure 1.15 Postural alignment must be seen in regard to the force of gravity which seeks constantly to pull us down. A subject exhibiting ideal posture will feel an overall sense of well-being. With their postural muscles working effectively they will have a sense of ease and lightness and their muscle tone will be normal, unstrained and unstretched.


Reproduced with permission from Trew & Everett (2005).





When observing the lower legs and feet, note whether the line of gravity falls approximately through the lateral malleolus as well as the state of the knee joints and leg muscles which should appear comparatively relaxed. Also note the tone and development of the hamstring and gluteal muscles in relation to one another.









Static postural observation from behind


In this position the imaginary plumb line represents the postural line of gravity and facilitates the observation of relative symmetry in the coronal plane. Beginning with the spine, observe in relation to the plumb line the anatomical landmarks including associated muscles and soft tissue (Fig. 1.16).





[image: image]

Figure 1.16 Ideal alignment back view: the subject stands upright in bare feet placed slightly apart to be directly below the hip joints. The feet are facing forward and parallel with each other. The knees are straight but relaxed, the arms hang freely so that the hands are just in front of the hips. The eyes look straight ahead and both hips and shoulders are unrotated.


Reproduced with permission from Trew & Everett (2005).





Next, look at the feet, noting their position and whether the medial longitudinal arch is present. With the subject standing barefoot, the feet should toe out slightly. Note the appearance of the Achilles tendons, and in particular whether they are of equal length and thickness and their development in relation to that of the calf muscles.


The calves should be observed for symmetry and over- or underdevelopment. The levels of the popliteal, gluteal and waist creases should be equal with the underlying anatomical features.















POSTURAL FAULTS






Easily recognized faulty postures






Sway back (Kendall et al 1993)


In sway back posture the mechanical efficiency of the posterior hip muscles is compromised by the altered relationships in their bony attachments to the pelvis and femur (Fig. 1.17). The gluteus maximus in particular is no longer able to generate its full force of contraction and the overall effect in sway back posture is an impaired control of the femoral head within the acetabulum. Over a period of time the gluteus maximus will undergo a degree of disuse atrophy, thus limiting its normally dominant role in hip extension and lateral rotation, and compromising its action in the heel strike and stance phases of the gait.





[image: image]

Figure 1.17 Posture in sway back.


Reproduced with permission from Trew & Everett (2005).











Skeletal features of sway back






[image: image] Head: forward head position



[image: image] Upper thoracic spine: sways backwards with an exaggerated thoracic kyphosis



[image: image] Lumbar spine: the anterior curve is flattened, and the pelvis sways forward with a posterior tilt or in a neutral position



[image: image] Pelvis: sways forwards with a posterior pelvic tilt



[image: image] Hip joints: extended



[image: image] Knee joints: hyperextended



[image: image] Centre of gravity: shifted backwards





Gluteus maximus atrophy can usually be observed or palpated. During hip extension in the prone position, hamstring action may also be seen to precede rather than coincide with gluteus maximus activation, so that their contours no longer alter simultaneously.






Other problems






[image: image] Neck tension and cervical spine problems associated with the ‘forward head’ position



[image: image] Loss of spine mobility associated with impaired thoracic spine alignment and muscle function



[image: image] Shoulder problems associated with impaired scapular alignment and mobility



[image: image] Lower back problems associated with imbalance, weakness or tightness in the muscles of the anterior abdominal wall, the iliopsoas, the back extensors and the posterior hip muscles



[image: image] Hamstring problems associated with gluteus maximus atrophy and hamstring overuse



[image: image] Knee and ankle problems associated with faults in pelvic, lower limb and foot alignment, and in quadriceps and hamstring muscle performance (Table 1.4 – please turn to end of chapter).




Table 1.4 Swayback posture – what to do


[image: image]

[image: ]















Flat back (Kendall et al 1993)


Flat back posture may be skeletal with a flattened lumbar curve when the pelvis is in a neutral position, or it may be acquired by tilting the pelvis posteriorly and moving the hip joints into extension (Fig. 1.18). When flat back posture is acquired, the posterior pelvic tilt and reduced lordosis shift the line of gravity and body weight towards the front of the feet, impairing foot mechanics and muscle function. This weight shift also affects the tibialis anterior muscle, with an adverse effect on knee and hip function as well as ankle and foot mobility.





[image: image]

Figure 1.18 Posture in flat back.


Reproduced with permission from Trew & Everett (2005).











Skeletal features of flat back






[image: image] Head: forward head position



[image: image] Upper thoracic spine: an exaggerated thoracic kyphosis



[image: image] Lumbar spine: a markedly reduced lumbar lordosis



[image: image] Pelvis: if not in a neutral position, sways forwards with a posterior pelvic tilt (as in sway back posture)



[image: image] Hip joints: extended



[image: image] Knee joints: extended



[image: image] Body alignment: the whole body leans forward slightly so that the line of gravity is shifted towards the front of the feet





A markedly reduced lumbar curve compromises correct spinal function, and localized or overall stiffness of the vertebral column may limit flexion and/or extension.






Other problems






[image: image] Neck tension and cervical spine problems associated with the ‘forward head’ position



[image: image] Impaired spine function associated with poor thoracic spine alignment and spinal extensor muscle weakness; shortened anterior abdominal wall muscles; shortened or tight gluteal and/or hamstring muscles



[image: image] Shoulder problems associated with impaired pectoral girdle alignment and scapular mobility



[image: image] Lower back problems associated with lower back and gluteal muscle tightness



[image: image] Hip problems associated with impaired iliopsoas, posterior hip and quadriceps muscle performance



[image: image] Hamstring problems associated with shortened, tight hamstring muscles



[image: image] Knee and ankle problems associated with faults in pelvic, lower limb and feet alignment, and in quadriceps and hamstring muscle performance (Table 1.5 – please turn to end of chapter).




Table 1.5 Flat back posture – what to do


[image: image]

[image: ]















Kyphosis (Kendall et al 1993)








Skeletal features of kyphosis






[image: image] Head: forward head position



[image: image] Thoracic spine: exaggerated posterior curve



[image: image] Ribs: exaggerated curvature



[image: image] Scapulae: more lateral position with the scapulae abducted, upwardly rotated and possibly winging or tilting





Kyphosis is an anatomical term referring to the primary posterior thoracic and sacral spinal curvatures, but as a clinical term it describes an exaggerated posterior thoracic curve when viewed from the side (Fig. 1.19). This exaggerated curve will alter the balance of the whole body over the lower limbs and feet and affect spine mobility by preventing each vertebral joint from moving through its optimum range of motion.





[image: image]

Figure 1.19 Posture in kyphosis.


Reproduced with permission from Trew & Everett (2005).





An impaired scapular alignment is also commonly associated with kyphosis, as the exaggerated curve of their ribs may abduct and upwardly rotate as well as possibly tilt the scapulae so that they wing to protrude their vertebral borders posteriorly from the ribcage. This faulty resting alignment will compromise shoulder joint function, as both scapular upward rotation during and scapular depression at the completion of shoulder flexion are affected.


Kyphosis may also be accompanied by lateral curvatures (scoliosis) that can be seen when viewed from the rear.


A kyphosis may be mobile, or it may become rigid and fixed. A mobile kyphosis is a persistently adopted kyphotic posture that has not become fixed and is therefore amenable to change. Adolescents and young adults are the most vulnerable to stresses that lead to the development of this particular postural fault, and it may also occur as a result of pregnancy and lactation, obesity, prolonged periods of inactivity or physical or depressive illness.


A fixed kyphosis, as the name implies, is not amenable to change, and it may occur as a result of trauma or the effects of underlying conditions such as osteoarthritis, osteoporosis, ankylosing spondylitis and Scheuermann’s disease or it may occur in elderly people with age-related intervertebral degeneration.






Other problems






[image: image] Neck tension and cervical spine problems associated with the ‘forward head’ position



[image: image] Impaired spine function associated with poor thoracic spine alignment, overall spine mobility and erector spinae muscle weakness



[image: image] Shoulder problems associated with impaired scapular alignment and mobility



[image: image] Lower back problems associated with lower back or gluteal muscle tightness, faults in the muscles of the anterior abdominal wall or skeletal pathology such as intervertebral disc degeneration



[image: image] Hip problems such as degenerative disease or congenital dislocation of the hip



[image: image] Lower limb and foot problems associated with accompanying postural faults such as knock knees, flat feet, etc. (Table 1.6 – please turn to end of chapter).




Table 1.6 Mobile kyphosis – what to do


[image: image]

[image: ]















Lordosis








Skeletal features of lordosis






[image: image] Lumbar spine: exaggerated anterior lumbar curve



[image: image] Sacral angle: more than 30 degrees



[image: image] Pelvis: increased anterior pelvic tilt



[image: image] Hip joints: in flexion



[image: image] Knee joints: possibly in flexion





In relaxed standing the sacral angle is approximately 30 degrees and the lumbar spine curves gently inwards to allow the pelvis to balance directly over the hip joints. This in turn allows the abdominal, spinal, posterior hip and hamstring muscles to achieve their optimum length to control the tilt of the pelvis and the balance of the whole body over the lower limbs and feet.


With a lordotic posture the sacral angle is more than 30 degrees, the anterior lumbar curve and pelvic tilt are markedly increased and the hip joints are slightly flexed (Fig. 1.20). The line of gravity is shifted towards the heels and the role individual muscles play in controlling the lumbar spine and pelvis is therefore altered to maintain the balance of the whole body over the feet and lower limbs.





[image: image]

Figure 1.20 Posture in lordosis.


Reproduced with permission from Trew & Everett (2005).





The muscles of the anterior abdominal wall and the glutei, in particular the lower fibres of gluteus maximus, lengthen and weaken, and erector spinae, the iliopsoas and the hamstring muscles shorten, tighten and possibly strengthen.


These muscle faults impair hip, lumbar spine and sacroiliac function and subsequently affect vertebral column joint mobility and overall spine function. This in turn can lead to further muscle imbalances and biomechanical faults in the lower limbs and feet.






Other problems






[image: image] Hip problems due to faulty hip biomechanics as a result of shortened, tightened hip flexors, degenerative disease or congenital dislocation of the hip



[image: image] Lower back problems associated with:


– poor abdominal muscle tone and control



– lower back or gluteal muscle tightness



– skeletal pathology such as intervertebral disc degeneration



– iliopsoas inflexibility and excessive tightness in the lower back muscles and ligaments



– repetitive mobilization of the lumbosacral junction or specific lumbar vertebral joints



– lumbar spine extension to assist hip extension as occurs with gluteal muscle weakness and hamstring muscle tightness and dominance



– faulty lower limb, knee and foot alignmentssuch as knock knees, flat feet, etc. (Table 1.7 – please turn to end of chapter).







Table 1.7 Lordosis – what to do


[image: image]














Kypholordosis


With a kypholordotic posture both the posterior thoracic and the anterior lumbar curves are markedly increased, the hip joints are flexed and the knee joints are hyperextended (Fig. 1.21). The head is the most anterior anatomical feature and the chin appears to jut forwards. The exaggerated spinal curves limit segmental spine mobility overall, but particularly impede atlanto-occipital and atlantoaxial joint mobilization in the cervical spine, thoracic spine mobilization into extension and lumbar spine mobilization into flexion.





[image: image]

Figure 1.21 Posture in kypholordosis.


Reproduced with permission from Trew & Everett (2005).











Skeletal features of kypholordosis






[image: image] Head: forward head position (it is perhaps the most forward anatomical feature)



[image: image] Thoracic spine: exaggerated posterior curve



[image: image] Ribs: exaggerated curvature



[image: image] Scapulae: a more lateral position with the scapulae abducted, upwardly rotated and possibly winging or tilting



[image: image] Lumbar spine: exaggerated anterior lumbar curve



[image: image] Sacral angle: more than 30 degrees



[image: image] Pelvis: increased anterior pelvic tilt



[image: image] Hip joints: in flexion



[image: image] Knee joints: possibly in flexion





In the upper torso the increased curvature of the ribs may impair scapular alignment, with the scapulae abducting, upwardly rotating and possibly tilting or winging to protrude their vertebral borders posteriorly from the ribcage. This will compromise shoulder joint function, as both scapular upward rotation during and scapular depression at the completion of shoulder flexion are affected.


In the lower torso the pelvis is tilted more anteriorly, the sacral angle is increased to more than 30 degrees, the hips are flexed, the knees are hyperextended and the line of gravity is shifted towards the heels. The muscles of the anterior abdominal wall and the glutei, in particular the lower fibres of gluteus maximus, lengthen and weaken, and erector spinae, the iliopsoas and the hamstring muscles shorten, tighten and possibly strengthen.


These muscle faults impair hip, lumbar spine and sacroiliac function and subsequently affect vertebral column joint mobility and overall spine function. This in turn can lead to further muscle imbalances and biomechanical faults in the lower limbs and feet.






Other problems






[image: image] Neck tension and cervical spine problems associated with the ‘forward head’ position



[image: image] Impaired spine function associated with poor spine alignment and mobility and erector spinae performance



[image: image] Shoulder problems associated with impaired scapular alignment and mobility



[image: image] Hip problems due to faulty hip biomechanics as a result of shortened, tightened hip flexors, degenerative disease or congenital dislocation of the hip



[image: image] Lower back problems associated with:


– poor abdominal muscle tone and control



– lower back or gluteal muscle tightness



– skeletal pathology such as intervertebral disc degeneration



– iliopsoas inflexibility and excessive tightness in the lower back muscles and ligaments



– the repetitive mobilization of the lumbosacral junction or specific lumbar vertebral joints



– lumbar spine extension to assist hip extension as occurs with gluteal muscle weakness and hamstring muscle tightness and dominance



– faulty lower limb, knee and foot alignments such as knock knees, flat feet, etc.






[image: image] Hip problems such as degenerative disease or congenital dislocation of the hip



[image: image] Lower limb and foot problems associated with accompanying postural faults such as knock knees, flat feet, etc. (Table 1.8 – please turn to end of chapter).




Table 1.8 Kypholordosis – what to do


[image: image]

[image: ]















Scoliosis


‘Scoliosis refers to an appreciable lateral deviation from the normally straight vertical line of the spine’ (White & Panjabi 1978) (Fig. 1.22).





[image: image]

Figure 1.22 Posture in scoliosis.


Reproduced with permission from Trew & Everett (2005).









Idiopathic scoliosis


This is commonly found in otherwise healthy children but in up to 90% of cases there is no obvious aetiology. As these children often come from families with a history of scoliosis there appears to be a strong genetic factor in its incidence.


Scoliosis involves deformities in the bones, muscles and ligaments of the spine and these may be difficult to recognize in childhood. Faults in alignment and posture tend to become more observable as the child progresses through puberty into adolescence.


The bony deformities occur within and between each vertebra and cause the lateral deviations that arise within the normally straight vertical alignment of the spine. These subsequently alter the dimensions, orientation and, therefore, the mechanical effects of the associated muscles and connective tissues and so greatly compromise their normal function, making it unlikely that the use of exercise alone could permanently correct the deformity.


The lateral vertebral column deviations are usually associated with rotation of one or two vertebrae at the point of curvature, the vertebral bodies rotating towards, and the spinous processes rotating away from, the convex side of the curve. These changes alter the orientation of the ribs and sternum, depressing the ribs on the concave side. At the same time the sternum is drawn towards the convexity and the ribs are pushed posteriorly and laterally, also on the convex side. Both ribcage mobility and breathing efficiency are therefore compromised.








Skeletal features of scoliosis






[image: image] Thoracic spine: exaggerated lateral curvature in the frontal plane (should a very slight right thoracic curvature occur in an otherwise well-aligned spine, it may be associated with right handedness or the position of the aorta); reduced thoracic kyphosis



[image: image] Sternum: drawn in towards the convexity



[image: image] Ribs: bulging both laterally and posteriorly on the side of the convexity, depressed on the side of the concavity



[image: image] Shoulder girdle: orientated to adapt to the ribcage deformity with the scapulae possibly abducted, upwardly rotated, winging or tilting



[image: image] Lumbar spine: lateral curvature contralateral to the thoracic lateral curve



[image: image] Pelvis: rotated and/or tilted



[image: image] Lower limbs: length discrepancy with weight bearing more on one leg





The deformities also affect the length and tone of the trunk muscles, those on the side of the concavity tending to be contracted and those on the side of the convexity to be stretched and lacking normal tone.









Acquired scoliosis as a result of disease


This may a feature of certain diseases that alter the material properties of bone, such as rickets, or the shapes of bones, as in asymmetric spina bifida, or that affect the intrinsic structure of ligaments, as in Marfan’s syndrome.


It also occurs in association with neuromuscular disorders such as cerebral palsy where faulty muscu-loskeletal function affects postural alignment as well as static and dynamic control and balance of the body.


Other known causes are injuries, physical disabilities and surgical procedures such as rib resection or spinal surgery.









Functional scoliosis


Functional scoliosis (acquired scoliosis as a result of postural habits or handedness) also involves alterations to the intrinsic structures and surrounding tissues of the spine. Initially these changes may be small and appear comparatively harmless, but over time permanent faults in spine structure and function will occur with associated ribcage deformities that affect breathing efficiency.


With functional scoliosis the initial or primary lateral deviation develops in the lumbar spine and is compensated by a secondary lateral deviation to the opposite side in the thoracic spine. The normal kyphotic and lordotic curves are also affected and are commonly reduced.


Corrective exercises during the early stages of functional scoliosis may appear to improve the deformity but it is doubtful that exercise alone can permanently correct scoliosis. As the tone and behaviour of the spinal muscles have been considerably affected, a vigorous and thoroughly supervised exercise programme should be carried out under the direction of a suitably qualified medical professional.


Initially the aim of an exercise programme would be to reduce the primary lateral deviation, restore the normal kyphotic and lordotic curves and improve overall spine mobility and function.









Scoliosis prevention and treatment


Whilst little is known about how to prevent scoliosis, the severity of the condition may be modified by early diagnosis. Screening programmes to identify scoliosis in childhood and educational programmes to increase awareness of adaptive influences that affect health and posture will assist prevention and early treatment.


Conventional treatments include orthotics, traction, surgery, electrical stimulation of muscles and exercise administered under the direction of a suitably qualified clinician.


Orthotics is the application of a body brace (e.g. the Milwaukee brace) to correct the deformity. This works by supporting, splinting and stretching the spine to gradually correct alignment. Exercises to improve breathing efficiency and pelvic alignment as well as other active exercises are prescribed whilst the individual is in the brace.


Traction is applied to lengthen the spinal structures over a period of approximately 3 weeks through the use of head halters and/or ankle straps. Traction is used to treat more severe cases of scoliosis and is not normally prescribed for people under the age of 20 years. Internal fixation may be by Harrington rods that are inserted surgically into the bones of the spine. Electrical muscle stimulation is achieved through electrodes implanted in erector spinae on the convex side of the curve.









Exercises








It is doubtful that exercises alone correct scoliosis. A vigorous and thoroughly supervised exercise programme may re-educate patient and muscles so as to correct a functional curve. The muscle forces that can be applied are of a relatively low amplitude and frequency and usually of short duration, and they are rarely working at a significant mechanical advantage for correction of the scoliotic spine. Exercise should not be relied upon to hold or correct a curve when used alone.


(White & Panjabi 1978)












Other problems associated with idiopathic and acquired scoliosis






[image: image] Neck tension and cervical spine problems



[image: image] Upper back problems associated with the loss of the normal thoracic kyphosis and faults in the strength and performance of the intercostals and thoracic paraspinal muscles



[image: image] Compromised respiratory function associated with the loss of the normal thoracic kyphosis



[image: image] Shoulder problems associated with impaired pectoral girdle alignment and scapular mobility



[image: image] Lower back problems associated with the pelvis being rotated and/or tilted, and faults in and between right and left iliopsoas muscles as well the right and left side of the anterior abdominal wall muscles



[image: image] Non-specific back pain possibly associated with loss of spine mobility and erector spinae muscle performance



[image: image] Loss of hip mobility associated with poor pelvic alignment and impaired iliopsoas, gluteal and quadriceps muscle performance



[image: image] Knee, ankle and foot problems associated with faults in pelvic, lower limb and feet alignment, and in length and performance of the quadriceps and hamstring muscles.


Exercise programmes to treat scoliosis should be thoroughly supervised and carried out under the direction of a suitably qualified clinician.


The following is only a guideline for a Pilates approach to ongoing management:



[image: image] Improve awareness of postural habits, handedness, carrying books on one shoulder, standing on one leg with one hip more to one side, etc.



[image: image] If possible, aim to re-establish the normal kyphotic and lordotic curves and correct the balance of the whole body over the lower limbs and feet.



[image: image] Improve ribcage mobility and breathing efficiency.



[image: image] Improve postural alignment, pectoral girdle alignment and erector spinae performance.



[image: image] Improve performance of the pelvic floor and transversus abdominis muscles.



[image: image] Improve performance and flexibility of rectus abdominis and the oblique abdominal muscles.



[image: image] Improve performance of the posterior hip muscles (Table 1.9 – please turn to end of chapter).




Table 1.9 Functional scoliosis – what to do


[image: image]

[image: ]


















Common faults in foot placement and leg alignment






Eversion of the foot


The sole of the foot is twisted at the ankle away from the midline so that the body weight is balanced more over the medial aspect of the sole (Fig. 1.23).





[image: image]

Figure 1.23 








Measures to help correct lower limb and foot alignment






[image: image] Enhance awareness of leg alignment.



[image: image] Centre the body weight more over the second and third toes.









Improve the performance of:






[image: image] the hip adductors



[image: image] the small, deep lateral hip rotators



[image: image] gluteus maximus during hip extension



[image: image] the lower fibres of gluteus maximus



[image: image] hamstrings



[image: image] iliopsoas and soleus, particularly during eccentric contraction



[image: image] peroneus longus, brevis and tertius



[image: image] the foot inverters – tibialis posterior and anterior



[image: image] the intrinsic foot muscles, including toe flexors and extensors.












Inversion of the foot


The sole of the foot is twisted at the ankle towards the midline so that the body weight is balanced more over the lateral aspect of the sole (Fig. 1.24).





[image: image]

Figure 1.24 








Measures to help correct lower limb and foot alignment






[image: image] Enhance awareness of leg alignment.



[image: image] Centre the body weight more over the second and third toes.









Improve the performance of:






[image: image] tensor fasciae latae, gluteus medius and minimus



[image: image] iliopsoas and soleus, particularly during eccentric contraction



[image: image] the calf muscles overall



[image: image] the intrinsic foot muscles, including toe flexors and extensors.












Medial rotation of the femur


The thighs rotate medially from a neutral alignment (Fig. 1.25).





[image: image]

Figure 1.25 








Measures to help correct lower limb alignment






[image: image] Enhance awareness of leg alignment.



[image: image] Cue to send the knees forwards over the second and third toes during hip/knee flexion.



[image: image] Perform specific hip mobilization and strengthening exercises with the hip joints in lateral rotation.









Release excessive tightness in:






[image: image] iliopsoas



[image: image] rectus femoris



[image: image] hip adductors.









Improve the performance of:






[image: image] the pelvic floor and transversus abdominis muscles



[image: image] iliopsoas, particularly during eccentric contraction



[image: image] lower fibres of gluteus maximus



[image: image] gluteus maximus, piriformis and iliopsoas



[image: image] hip adductors



[image: image] hamstrings.












Lateral rotation of the femur


The thighs rotate laterally from a neutral alignment with pronounced outward toeing of the feet (Fig. 1.26).





[image: image]

Figure 1.26 








Measures to help correct lower limb alignment






[image: image] Enhance awareness of leg alignment.



[image: image] Perform specific hip mobilization and strengthening exercises with the hip joints in neutral and the feet parallel to each other.









Release excessive tightness in:






[image: image] gluteus maximus, piriformis and the small, deep, lateral hip rotators



[image: image] iliopsoas



[image: image] rectus femoris



[image: image] hamstrings



[image: image] hip adductors.









Improve the performance of:






[image: image] the pelvic floor and transversus abdominis muscles



[image: image] lower fibres of gluteus maximus



[image: image] hamstrings, iliopsoas and rectus femoris so as to act synergistically during hip flexion and extension



[image: image] gluteus medius



[image: image] gluteus minimus



[image: image] tensor fasciae latae.












Knee joints that do not fully extend


During standing the knee joints remain observably in flexion and are not able to fully extend (Fig. 1.27). Flexion increases in both knees during standing on one leg with the opposite hip flexed and its leg extended in front of the body. This limited range of knee joint extension motion is associated with lumbar spine and lower back stiffness, hamstring tightness, quadriceps weakness and reduced ankle joint mobility.





[image: image]

Figure 1.27 








Measures to help improve knee function






[image: image] Enhance awareness of alignment during knee mobilization.



[image: image] As the knee joints move towards extension, cue for the thighs to ‘pull up’ and for vastus medialis to perform fully during the final 20 degrees of extension motion.









Release excessive tightness in:






[image: image] lower back muscles and ligaments



[image: image] sacroiliac area



[image: image] iliopsoas



[image: image] rectus femoris



[image: image] hamstrings – consider each muscle within the group individually



[image: image] calf muscles and soft structures at the back of the knee



[image: image] hip adductors.









Improve:






[image: image] lumbar spine mobility and stability.









Improve the performance of:






[image: image] the pelvic floor and transversus abdominis muscles



[image: image] lower fibres of gluteus maximus



[image: image] tensor fasciae latae



[image: image] iliopsoas



[image: image] quadriceps, in particular vastus medialis



[image: image] hamstrings – ensure all muscles within the group are fully involved during knee mobilization.












Knee joint hyperextension


During knee extension the knee joints push backwards (Fig. 1.28). When standing the legs form an observable backwards bow and the lumbar spine lordosis is increased to shift the body’s centre of gravity back to be more over the heels. The increased range of knee joint extension is also associated with pelvic instability, weakened hamstrings and quadriceps and excessively long ligaments and muscles that are at or cross the back of the knee.





[image: image]

Figure 1.28 








Measures to help improve knee function


When standing, cue for the knee joints to remain very slightly flexed and for the body’s weight to come forwards more over the centre of the feet. Also encourage awareness of knee alignment to help prevent them being allowed to lock backwards. During knee extension, cue for the thighs to ‘pull up’ without pushing the knee joint backwards.









Improve:






[image: image] the alignment, balance and stability of the pelvis



[image: image] hip joint stability



[image: image] subtalar mobility.









Release excessive tightness in:






[image: image] lower back muscles and ligaments



[image: image] sacroiliac area



[image: image] upper fibres of gluteus maximus



[image: image] hip abductors



[image: image] calf muscles



[image: image] sole of the foot.









Improve the performance of:






[image: image] the pelvic floor and transversus abdominis muscles, particularly during hip mobilization



[image: image] iliopsoas



[image: image] lower fibres of gluteus maximus



[image: image] gluteus maximus and the hamstrings during hip extension



[image: image] the hamstrings and quadriceps during knee mobilization



[image: image] adductors



[image: image] gastrocnemius



[image: image] soleus



[image: image] tibialis anterior and posterior



[image: image] peroneus longus and brevis



[image: image] flexor digitorum longus



[image: image] flexor hallucis longus



[image: image] extensor digitorum longus



[image: image] extensor hallucis longus



[image: image] lumbricals.












Outwards bowing of the legs


The thighs rotate medially and bow outwards, possibly with hyperextension of the knees (Fig. 1.29). The patellae may be orientated laterally instead of centrally along the axis of the lower leg. The lumbar spine lordosis is possibly increased, shifting the body’s centre of gravity back to be more over the heels.





[image: image]

Figure 1.29 








Measures to help improve knee function


When standing, cue for the knee joints to remain very slightly flexed and for the body’s weight to come in more over the medial aspect of the feet and through the second and third toes. Also encourage awareness of knee alignment to help prevent them being allowed to lock backwards.









Improve:






[image: image] the alignment, balance and stability of the pelvis



[image: image] hip lateral rotation



[image: image] subtalar mobility.









Release excessive tightness in:






[image: image] lower back muscles and ligaments



[image: image] sacroiliac area



[image: image] upper fibres of gluteus maximus



[image: image] hip abductors



[image: image] calf muscles



[image: image] sole of the foot.









Improve the performance of:






[image: image] the pelvic floor and transversus abdominis muscles, particularly during hip mobilization



[image: image] iliopsoas



[image: image] lower fibres of gluteus maximus



[image: image] gluteus maximus, piriformis, deep rotators and iliopsoas together with the adductors during hip lateral rotation



[image: image] hamstrings – address imbalances within the group



[image: image] gastrocnemius



[image: image] soleus



[image: image] tibialis anterior



[image: image] peroneus longus and brevis



[image: image] flexor digitorum longus



[image: image] flexor hallucis longus



[image: image] extensor digitorum longus



[image: image] extensor hallucis longus



[image: image] lumbricals.












The knees are orientated medially from a neutral position


The knees knock together when the feet are placed hip distance apart (Fig. 1.30). The body’s weight is more over the medial aspect of the feet.





[image: image]

Figure 1.30 








Measures to help improve knee function


When standing, encourage awareness of knee alignment. Cue for the knee joints to remain very slightly flexed, the knees to align with the second and third toes and for the lateral borders of the feet to make firm contact with the ground.









Improve:






[image: image] the alignment, balance and stability of the pelvis



[image: image] hip lateral rotation



[image: image] subtalar mobility.









Release excessive tightness in:






[image: image] lower back muscles and ligaments



[image: image] sacroiliac area



[image: image] posterior hip muscles



[image: image] tensor fasciae latae



[image: image] vastus lateralis



[image: image] calf muscles



[image: image] the peronei



[image: image] sole of the foot.









Improve the performance of:






[image: image] the pelvic floor and transversus abdominis muscles, particularly during hip mobilization



[image: image] gluteus maximus, piriformis, deep rotators and iliopsoas together with the adductors during hip lateral rotation



[image: image] adductors



[image: image] quadriceps, especially vastus medialis



[image: image] hamstrings – address imbalances within the group



[image: image] gastrocnemius



[image: image] soleus



[image: image] tibialis anterior and posterior



[image: image] flexor digitorum longus



[image: image] flexor hallucis longus



[image: image] extensor digitorum longus



[image: image] extensor hallucis longus



[image: image] lumbricals.


















USEFUL TESTS






Gait assessment






Normal gait


Gait (walking) is a complex process comprising separate, sequential activities that alternately move the right and left lower limbs progressively in the same direction.


For easier understanding, gait can be seen as a cycle of events that begins when the heel of the foot strikes the ground and ends when the opposite leg swings through in preparation for the other heel strike.









Heel strike during a normal gait pattern


This is when the leading leg makes initial contact with the ground whilst the following leg is still in contact with the ground, so increasing the body’s base of support. This contributes to the body’s achieving its lowest centre of gravity within the gait cycle and therefore being its most stable state.









Moving into the stance phase


This occurs as the leading leg becomes the supporting leg for the whole of the body’s weight. The foot swiftly moves from dorsiflexion towards plantarflexion until both the forefoot and heel are in contact with the ground and the foot and leg can receive the body’s weight.









Middle-stance phase


The whole of the body’s weight continues to move forwards to balance over the supporting leg whilst the following leg leaves the ground and swings through. This contributes to the body’s achieving its least stable state within the gait cycle, as its base of support is reduced whilst its centre of gravity is at its highest as it moves from behind to in front of the supporting foot. During the stance phase the hip abductors of the supporting limb contract concentrically to maintain the pelvis level as the leg moves through the middle of its swing.









End of the stance phase moving into the propulsive phase of gait


This occurs as successive events propel the body forwards towards the next heel strike. With the body continuing to move forwards, the heel of the supporting foot lifts from the ground, initiating plantarflexion that progresses until the forefoot and toes lift from the ground sequentially. During the latter part of this phase the calf muscles act so that the forefoot and toes push against the ground to propel the body forwards.









Swing phase


After the following leg has progressed through the propulsive gait phase, its foot continues to clear the ground, allowing it to swing through and become the leading leg ready for the next heel strike.


The swing phase comprises the acceleration, mid-swing and deceleration components.


During acceleration the hip and plantarflexors are assisted by momentum and gravity as they act to accelerate the forward motion of the swinging leg. To allow the toes of the swinging foot to clear the ground, the ankle moves the foot swiftly towards dorsiflexion.


The mid-swing component occurs simultaneously with the mid-stance phase and is when the body is least stable. To maintain the toes sufficiently clear of the ground, both the hip and knee joints remain in flexion although the foot may have lowered slightly towards plantarflexion.


The hip abductors on the supporting leg, already contracted to maintain the pelvis level for the mid-swing component, then act eccentrically to control the lowering of the pelvis towards the swinging leg side.


During deceleration the hip joint remains in flexion as the knee extends and the ankle joint dorsiflexes ready for the next heel strike. Knee extension occurs not as a result of quadriceps action but as a consequence of the momentum generated by the forward motion of the leg. It is then resolved towards the end of deceleration by eccentric hamstring action (Fig. 1.31).





[image: image]

Figure 1.31 Muscle activity, as indicated by EMG, is variable between subjects. It also varies with velocity and the faster the velocity, the more muscle input will be required. This figure shows the type and duration of muscle activity that might be expected in moderate velocity walking. Ext. dig. long., extensor digitorum longus; flex. hall. long., flexor hallucis longus.


Reproduced with permission from Trew & Everett (2005).





During walking, hip extension is accompanied by lumbar spine rotation towards the extending leg and this is reversed as the leg swings through to take the next step. To allow the head to keep facing forwards there are also compensatory thoracic and cervical spine motions away from the side of lumbar rotation. Also during walking each shoulder joint normally flexes as the opposite hip flexes to bring about a swinging motion of the arms that accompanies the thoracic spine rotation. Without this unconscious and easy arm motion walking is stiff and more laborious.


In addition, when observing gait, noting the speed of walking, as well as an individual’s ability to readily alter that speed, can give an indication of joint stiffness, muscle weakness and pain. In slow walking the number of steps is around 40–50 steps per minute and in moderate walking 110 steps per minute. The former would normally be able to be progressed towards faster walking and running as required but this would be affected by musculoskeletal disease and pain (Fig. 1.32).





[image: image]

Figure 1.32 Characteristics of gait that can be measured from footprints.


Reproduced with permission from Trew & Everett (2005).





To help assess the speed of walking, consider the following: stride length – the distance between successive heel strikes with the same foot; step length – the distance between successive heel strikes with opposite feet; step width – the distance maintained between the legs and feet.


Also observe whether the feet toe in or out with each step as this relates mainly to hip joint mobility and may also indicate abnormal rotation between the tibia and fibula. It is more common for the feet to turn slightly outwards at about a 30-degree angle from a facing forwards direction.









OEBPS/OEBPS/images/B9780750656474500081_f01-06-9780750656474.jpg





OEBPS/OEBPS/images/B9780750656474500081_f01-19-9780750656474.jpg
Posterior muscular features

Anterior muscular features

Upper trapezius possibly
shortened and tightened

Lower trapezius, serratus
anterior, latissimus dorsi,
teres major and the rhomboids
lengthened and weakened
Thoracic back extensors.
lengthened and weakened
Erector spinae possibly
‘weakened, overall tightened

Upper fibres of glutous.
maximus possibly tightened

but not necessarly strengthened
Lower fibres of gluteus
‘maximus possibly lengthened
and weakened

Hamstring muscles possibly
shortened

Neck flexors lengthened
and weakened

Pectoralis major and minor
shortened and tightened
Roctus abdominis and the
oblique abdominal muscles
possibly shortened

Psoas major possibly
lengthened and weakened
Lower section of the muscles
of the anterior abdominal wi
possibly weakened






OEBPS/OEBPS/images/B9780750656474500081_f01-27-9780750656474.jpg





OEBPS/OEBPS/images/B9780750656474500081_cetable9a.jpg
(F) Hamstrings.
(P Sacroiliac region, especially on
more contracted side

Erector spinae overall - address
imbalances

Tliopsoas - address imbalances

Lower fibres of gluteus maximus -
address imbalances

Gluteus maximus during hip extension
— address imbalances

Stretches: ST43, ST12-5T17

Hip alignment and
function

(M) Hip joint whilst maintaining
lumbar spine stability

(P Rectus abdominis and oblique
abdominals, especially on more:
contracted side

(P Tensor fasciae latae,liopsoas and

rectus femoris, especially on more
contracted side

‘Adductors, abductors and quadriceps
— address imbalances

Quadriped series: BCS15

Knee (P Hamstrings Hamstrings during knee flexion - Knee stengthener: K528
address imbalances Stretches: ST21,22
Lower limb/foot (P Calf muscles Soleus, especially when contracting Stretches: ST1-ST4.2, ST5-ST7
alignment and (M) Subtalar joint eccentrically Exercising the ankle and forefoot:
function (M) Feet Tibialis anterior and posterior FM11-FM33.

Peroneus longus and brevis
Intrinsic foot muscles - address
imbalances.
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Posterior muscular features Anterior muscular features.

Cervical spine extensors Cervical spine flexors

possibly shortened and possibly lengthened and

tightened weakened

Intercostal and thoracic Pectoralis major and minor

paraspinals on the side of possibly shortened and

the concavity probably tightened

shortened and tightened Rectus sbdominus

and on the side of convexity possibly shortened and

fengthened and weakened tightened and other

Faults in the length and individual anterior abdominal

musce tone of upper, wal muscles possibly also

‘middle and lower trapezius, have faults n length andor

serratus anterior, strength.

latissimus dors, teres - ‘Overall muscle lengthening

‘major and rhomboids may toaccommodate the relative

occur as a result of faulty lengthening of the anterior

pectoral girdle alignment ‘components of the spine

Lumbar paraspinals may occur

shortened and tightened on lliopsoas possibly

the side of concavity and shortened but ot

lengthened and weakened neccessarily strengthened

on the side of convexity Lower fibres of tensor

Gluteii and hamstring fasciae latae possibly

‘muscles possibly lengthened and weakened

lengthened and weakened on the side of lumbar spine

on the side of lumbar spine concavity and strengthened

concavity and shortened and tightened on the side of

and tightened on the side convexity

of convexity Adductors possibly

Gluteus maximus may be ‘weakened with imbalances

weakened bilaterally between the musces within
the adductor group
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in flexion and Gluteus maximus — lower fibresand  Spine mobilzation series:
extension during hip extension Quadriped BCS19
Erector spinae Supine SSM20-55M22
Quadriped series: BCS15, BCS17, BCS18
Hip alignment and M) Hip joint Hip medial and lateral otators. Side lying posterior hip muscle
function (P Tensor fasciae latae: Hip adductors strengthening: BCS9-BCS12
(P Gluteus maximus, upper fibres  Quadriceps, especialy rectus Stretches (elect as appropriae): ST1-ST4.2,
femoris during hip flexion and ST
vastus medials during knee
extension
Knee (P Hamstrings Knee joint stabilzers (as required)  Knee strengthener: K528
Stretches: ST2.1, 22
Lower limb/foot (P Calf muscles Soleus, especially during eccentric  Stretches: STI
alignment and (M) Subalar joint contraction Bercsing the ankle and forefoot (select as
function (M) Feet Tibials anterior and posterior required): FM1.1, FM1.2, FM3.2

Peroneus longus and brevs
Intrinsic foot muscles

Progressto. ...

Original mat exercises
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Parietal bone
Ocsipitl bone.

Convical
vertebrae (7)

Thoracic
vertabiae (12)
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Through the middle
of the mastoid
process.

In frontof the
shoulder joint

Ator just behind
the hip joint

In frontof the
knee joint

3-4cmin frontof
the ankie joint
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For Improved

Increase mobllity (M)/flexibllity (F)

Improve strength/performance

Exercises

Lumbar spine alignment

(M) Lumbar spine in flexion

Pelic floor and transversus abdominis,

Basic core strengthening: BCS1-8CS13,

and functon (4 Wihole spine n atera leion, especially lower ibres BCS16-8C518
rotation, extension Oblique abdominal muscles ‘Spine mobilization series:
(F) Erector spinae Abdominal muscles in controlling Side lying SLM27
(F) lliopsoas and rectus femoris. lumbar spine stability during hip Quadriped BCS19
(F) Gluteus maximus, especially upper  flexion Supine SSM20-SSM22
fibres Hiopsoas,especially during eccentric  Quadriped serie: BCS18
(F) Hamstrings contraction Stretches: ST4.3
(6 Sactolic region Lower fibres of giuteus maximus
(M) Whole spine in flexion Gluteus maximus 0.2 to act
synergistically with the hamsrings
during hip extension
Hip alignment and (W Hip joint whist maintaining Adductors Stetches: ST12-5T17
function Iumbar spine stability Quadriceps, especially vastus medialis Quadriped series: BCS15
(F)Rectus abdominis and oblique. during knee extension
abdominals
() Tensor fasioeltae flopsoas and
rectus femoris
Knee (F) Hamstrings. Hamstrings during knee flexion, Knee strengthener: KS28
especialyduring eccentric Stetches: ST21, 22
contraction
Lower limb/foot (F) Calf muscles. ‘Soleus, especially when contracting Stretches: ST1-5T4.2, STS-ST7
alignment and (0 Subtalarjoint eccentrically Exercing the ankle and forefoot:
function (M) Feet Tibialis anterior and posterior FM.11-FM33

Peroneus longus and brevis
Intrinsic foot muscles
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For Improved

Increase mobllity (M)/flexibllity (F)

Improve strength/performance

Exercises

Breathing effciency

Ribs, sternum and thoracic spine

Diaphragm and abdominal muscles

Diaphragmatic breathing series

Cenvicalspine (M) Atanto-occipital joint - flesion Cervical spne flexors Quadriped seres: BCS13, BCS14
alignment and and extension; atantoaxil Stretching series: ST10-ST12
function joint - rotation
() Cenvcal spine extensors and
stemociidomastold
Thoracic spine (M) Thoracic spine i lteralflexon,  Thoracic spine extensors Spine mobilztion series
alignment and rotation, extension Sidelying SLM27
function Prone PSM25, PSM26
Quadriped seres: BCS16, BCS18
Pecton girdle (P Upper trapezius and pectoral  Middle and lower fibes of trapezius Upper body seies:
alignment and muscles Serratus anterio, laissimus dors,  Supine UBE1-UBES
function ) Scapula teres major and thomboids Sitting UBE7
(M) Upper limbs whist maintaining Prone UBEI 1, UBE12
scapular stabilty Sidelying UBE13
Stretches: ST4.3, STI81, STi2
Lumbarspine ) Sacrollac region Pelvic floor and transversus Basic core stengthening (select i order as
alignment and (M) Lumbar spine n flexion abdominis, especialy lower fibres  appropriate): BCS1, BCS?2, BCS3, BCS4,
function (M) Whole spine in flxion Tiopsoas BCSS, BCS6 (BCS7-BCS12as required)

pcamasme
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For Improved

Increase mobility (M)/flexibilty (F)

Improve strength/performance

Exercises

Breathing effciency

Ribs, sternum and thoracic spine,
particularly on more contracted side.

Diaphragm and abdominal muscles.

Diaphragmatic breathing series

Cervical spine alignment
and function

(M) Atanto-occipital joint -
flexion and extension;
atlantoaxial joint - rotation

(P) Cervical spine extensors and
stemocleidomastoid

Cervical spine rotators
Cervical spine flexors

Quadriped series: BCS13, BCS14.
Stretching series: ST10-5T12

Thoracic spine alignment
and function

(M) Thoracic spine in lateral flexion,
rotation, extension

Thoracic spine extensors - address
imbalances.

Spine mobilization series:
Side ying SLM27

Prone PSM2s, PSM26.
Quadriped series: BCS16, BCS18.

Pectoral gidle alignment
and function

(P) Upper trapezius and pectoral
muscles

(M) Scapula

(M) Upper limbs whilst

‘maintaining scapular stability

Middle and lower fibres of trapezius
Serratus anterior, latissimus dorsi, teres
‘major and thomboids

Upper body series:
Supine UBE1-UBES

Siting UBE7

Prone UBE11, UBET2

Side ying UBE13

Stretches: ST4.3, ST11, ST18.2

Lumbar spine alignment
and function

(M) Lumbar spine in flexion

(M) Whole spine in lateralflexion,
fotation, extension

(P Erector spinae

() lliopsoas and rectus femoris

(P Gluteus maximus, especially on
more contracted side

Pelvic floor and transversus abdominis,
especially lower fibres

Oblique abdominal muscles - address
imbalances.

Abdominal muscles in controlling
lumbar spine stability during hip.
flexion

Basic core strengthening: BCS1-
BCS13, BCS16-BCS15

Spine mobilization series:

Side lying SLM27

Quadriped BCS19

Supine SSM20-55M22

Quadriped series: BCS18.
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For Improved

Increase mobllity (M)/flexibility (F)

Improve strength/performance

Exercises

Breathing effciency

Ribs, stemum and thoracic spine

Diaphragm and abdominal muscles

Diaphragmatic breathing series

Cervical spine alignment and
function

(M) Atianto-occipital joint - flexion and
extension; atlantoaxial joint - rotation

(F) Cervical spine extensors and
sternocleidomastoid

Cervical spine flexors

Quadriped series: BCS13, BCS14.
Stretching series: ST10-5T12

Thoracic spine alignment and
function

(M) Thoracic spine in lateral lexion,
otation, extension

Thoracic spine extensors

Spine mobilization series:
Side ling SLM27

Prone PSM25, PSM26.
Quadriped series: BCS16, BCS18.

Pectoral gidle alignment and
function

(F) Upper trapezius and pectoral muscles.

(M) Scapula

(M) Upper limbs whilst maintaining
scapular tability

Middle and lower fibres of trapezius
Serratus anterior, latissimus dorsi teres
‘major and rhomboids.

Upper body series:
Supine UBE1-UBES

Siting UBE7

Prone UBEN1, UBE12

Side lying UBET3

Stretches: ST4.3, ST1.1, ST18.2

Lumbar spine alignment and
function

(M) Lumbar spine in flexion

(M) Whole spine in lateral flexion,
rotation, extension

(F)Erector spinae

(F) lliopsoas and rectus femoris

Pelvic floor and transversus abdominis,
especially lower fibres

Obligue abdominal muscles

Abdominal muscles in controlling lumbar
‘spine stability during hip flexion

Basic core strengthening: BCS1-
BCS13, BCS16-8C518

Spine mobilization series:

Side lying SLM27.

Quadriped BCS19
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For Improved

Increase mobility (M)/flexibility (F)

Improve strength/performance

Exerclses

Breathing efficiency

Ribs, sternum and thoracic spine

Diaphragm and abdominal muscles

Diaphragmatic breathing series

Cervical spine (M) Atlanto-occipital joint - flexion Cervical spine flexors ‘Quadriped series: BCS13, BCS14
alignment and and extension; atlantoaxial Stetching series: ST10-5T12.
function joint - rotation

(F) Cervical spine extensors and
stemocleidomastoid

‘Thoracic spine M) Thoracic spine in lateral flexion, ‘Thoracic spine extensors Spine mobilization series:
alignment and totation, extension sidelying SLM27
function Prone PSM25, PSM26.

‘Quadriped series: BCS16.

Pectonl girdle ) Upper tapeius and pectoral  Middle and lower fibre of rapezius _ Upper body series:
alignment and muscles ‘Serratus anterior, latissimus dorsi, ‘Supine UBE1-UBES
function o) Scapula teres major and thomboids Siting UBES, UBE7

(M) Upper limbs whilst maintaining
scapular tability

Prone UBE1 1, UBE12
Side ying UBE13
Stretches ST18.1, ST182

Lumbar spine
alignment and
function

(F) Rectus abdominis and oblique
abdominals

(M) Lumbar spine in flexion and
extension

Pelic floor and transversus
‘abdominis, especally lower ibres
liopsoas

Basic core strengthening (select in order as
appropriate): BCS1, BCS2, BCS3, BCS4,
BCSS, BCS6, BCS7

Stretches ST15-ST17

P
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(F) Rectus abdominis and oblique  Erector spinae. Stretches: ST15-ST17
abdominals Gluteus maximus, especially lower  Spine mobilization series:
(B Hamstrings and gluteus fibres Quadiped BCS19
‘maximus, especially upper fibres  Hamstrings Supine SSM20-S5M22
Quadriped series; BCS15-8C518
Hip alignment and ) Hip joint Hip medial and latera rotators (as SideIying posterior hip muscle
function (P Tensor fasciae ltae, lopsoasand  required) strengthening (select as required): BCSY,
rectus femoris (3 required) BCs1t
Prone hip muscle strengthening: BCSS
Stretches (select as appropriate): STI1-ST42,
ST
Knee (P Hamstrings Knee oint stabilzers (as required)  Knee strengthener: K528
Stretches: T2, 22
Lower imb/foot (P Calf muscles Soleus Stretches:STI
alignment and (M) Subtalar joint Tibials anterior and posterior Exercsing the ankle and forefoot (select as
function (M) Feet Peroneus longus and brevis required): FM1.1, FM1.2, FM3.2

Intrinsic foot muscles (as requirec)

Progressto. ..

Original mat exercises
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For Improved

Increase mobllity (M)/flexibllity (F)

Improve strength/performance

Exercises

Breathing effciency

Ribs, sternum and thoracic spine

Diaphragm and abdominal
muscles

Diaphragmatic breathing series

Cervical spine alignment

(M) Atlanto-occipital joint -

Cervical spine flexors

Quadriped series: BCS13, BCS14

and function flexion and extension; Stretching series: ST10-5T12
atlantoaxial joint - rotation
(F) Cervical spine extensors and
Thoracic spine alignment (M) Thoracic spine in ateral flexon, Thoracic spine extensors Spine mobilization series:

and function

rotation, extension

Side ying SLM27
Prone PSM25, PSM25.
Quadriped series: BCS16

Pectoral gidle alignment
and function

(F) Upper trapezius and pectoral
‘muscles.

(M) Scapula

(M) Upper limbs whilst maintaining
scapular stabilty

Middle and lower fibres of

trapezius
Sertatus anterior, latissimus dorsi,
teres major and thomboids

Upper body series:
Supine UBE1-UBES

Sitting UBES, UBE7

Prone UBE11, UBE12

Side hing UBET3

Stretches: ST14-5T16, STI.1, ST18.2

Lumbar spine alignment
‘and function

(F) Rectus abdominis and oblique
abdominals

(M) Lumbar spine in flexion and
extension

(M) Whole spine in flexion and
extension

Pelvic floor and transversus
‘abdominis, especally lower
fbres

Oblique abdominals, especially
external obliques

liopsoas - during eccentric and
concentric contraction

Basic core strengthening (selectin
order as appropriate): BCS1, BCS2,
BCS3, BCS4, BCSS, BCS6, BCS7

(BCS8 if appropriate)

Stretches: ST13, 5T15

Spine mobilization series:

Quadriped BCS19

e
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Cervical vertebras

Thoracic vertebrae

Lumbar vertebrae

Sacrum
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Biceps femoris
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Gastrocnemius ——
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A Discwith no weight
going through it

Disc bulges when
B weight goes throuoh it
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Posterior muscular features Anterior muscular features.

Nock flexors are lengihansd
and weakened

‘Serratus anterior may b
Shortened and strengthenad.
pectoralis minor may be
Shortened and stengthened
Roctus abdominis ard

Thoracic back extensors are
lengthaned and weakensd

Lower back musculature s intornal oblique abdominal
shortaned and may ba muscles may be shortened but

ot necessarlysiengihened
extornal oblique abdominal
uacies are sty lagihanect
= | and weakened

Glutei are poorly developed
and usually weakened (f one
leg s favoured for standing, the

posterior fibros of gluteus liopsoas and rectus femoris
medius may be lengthand ot arelengthened and may be
‘weakened on that side) weakened

Tonsor fascias latae are

possibly shortened,

Strengihense or tghtened






OEBPS/OEBPS/images/B9780750656474500081_f01-10b-9780750656474.jpg





OEBPS/OEBPS/images/B9780750656474500081_f01-24-9780750656474.jpg





OEBPS/OEBPS/images/B9780750656474500081_f01-09-9780750656474.jpg
A

nnnnnnnnnnnnnnnnnnn





OEBPS/OEBPS/images/B9780750656474500081_f01-11-9780750656474.jpg





OEBPS/OEBPS/images/B9780750656474500081_f01-32-9780750656474.jpg
! Foot angle

Line of progression

Stide width






OEBPS/OEBPS/images/B9780750656474500081_f01-21-9780750656474.jpg
Posterior muscular features

Anterior muscular features

Cervical spine extensors
shortened and tightened

Upper trapezius shortened
and tightened

Upper thoracic back extensors
lengthened and weakened
Lower trapezius, serratus
anterior, latissimus dorsi,
teres major and the rhomboids
lengthened and weakened
Internal oblique abdominal
possibly weakened, overall
muscles possibly shortened and
tightened

Upper fibres of gluteus.
‘maximus possibly shortened
and tightened

Lower fibres of gluteus
‘maximus tightened and
strengthened

Hamstrings possibly shortened,
tightened and strengthened

Neck flexors lengthened
and weakened

Pectoralis major and minor
possibly shortened and
tightened

Rectus abdominis and the
erector spinae, extern:
obliques possibly lengthened
and the lower abdominal
muscles weakened

lliopsoas, quadriceps and
‘adductors possibly weakened,
tensor fasciae latae possibly
lengthened and weakened
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Gluteus maximus, especially upper fibres  lliopsoas, especially during eccentric Supine SSM20-55M22
(F) Hamstrings contraction Quadriped series: BCS13
(F) Sacroiliac region Lower fibres of gluteus maximus Stretches: ST43
Gluteus maximus 50 as to act synergistically
with the hamstrings during hip extension

Hip alignment and function (M) Hip joint whilst maintaining lumbar  Adductors Stretches: ST12-5T17
spine stabilty Quadriceps, especially vastus medialis  Quadriped series: BCS15
(F) Rectus abdominis and oblique during knee extension
abdominals
(F)Tensor fasciae latae, liopsoas and
rectus femoris
Knee (F) Hamstrings Hamstrings during knee flexion, especially ~ Knee strengthener: K528
during eccentric contraction Stretches: ST21, 22
Lower limb/foot aignment and (F) Calf muscles Soleus, especially when contracting Stretches: ST1-5T4.2, ST5-ST7
function (M) Subtalar joint eccentrically Exercising the ankle and
(M) Feet Tibialis anterior and posterior forefoot: FM1.1-FM3.3

Peroneus longus and brevis
Intrinsic foot muscles
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Gluteus maximus - lower fibres
and during hip extension

Hamstrings during knee
flexionvextension

Erector spinae

Supine SSM20-55M22
Quadriped seres: BCS16-8CS18

Hip alignment and
function

(M) Hipjoint

(F)Tensor fasciae latae, possibly.
more on one side than the other

(F)Gluteus maximus, especially
upper fibres

Gluteus medius, especialy lower
fibres and possibly more on one
side than the other hip
adductors

Quadriceps, especially rectus
femoris during knee flexion and
vastus medialis during knee
extension

Hip medial and lateral rotators.

Side ing posteror hip muscle
stengthening: BCS9-BC512

Knee

(F) Hamstrings

Knee joint stabilizers as required)

Knee strengthener: K528
Stretches (select as appropriate):
STI-ST43,5T7

Lower limb/foot

(F)Calf muscles

Soleus, especially during eccentric

Stretches (select as appropriate):

alignment and (M) Subtalar joint contraction STI-5T43,5T7
function (M) Feet Tibialis anterior and posterior Exercising the ankle and forefoot
Peroneus longus and brevis (select as required): FMT.1, FM1.2,
Intrinsic foot muscles M2
Progress to.... Original mat exercises
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Posterior muscular features Anterior muscular features.
Neck flexors lengthened
and weakened

Thoracic back extensors

possivly lengihensd and

eskunad Transversus abdominis,

Erector spinas possibly sighty
lengthened and weakened
overalland in particular, the
lumbar paraspinals may be.
weakened

Glutei possibly pooty
developed and tiht

Hametring muscios usually
shortened and strong

roctus abdominis and the
internal and external oblique.
abdominal muscies possoly
shortened and possibly
strongthened

lopsoas and rectus fomoris
lengthened and usually
weakened
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Posterior muscular features. Anterior muscular features
Spine extensors shortened
and tightened
Anterior abdominal wall
muscles possibly lengthened
Upper fibres of gluteus and weakened
maximus possibly tightened
but not necessariy strengthened
as overal the gluteli are
lengthened and weakened,

fower fibres of gluteus
maximus lengthened
Hamstring muscles shortened,
tightened and possibly
strengthened, with imbalances
within the group

liopsoas tightened but not
necessarily strengthened

Quadriceps and tensor fasciae
latae possibly tightened and
strengthened
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An imaginary plumb line falls:

Think of the body as a series
of building blocks. In good
body alignment these blocks

balance one above the other
just behind the apex of the
coronal suture
through the centre of the ‘The centre of the head,
extaral auditory meatus and usually the ear sits above
the upper cervical
vertebral bodies. the centre of the chest

which in tum sits above
through the centre of the
thorax

and the lumbar vertebral
bodies

just behind the axis of the.
hip joint

just in front of the axis of
the knee joint

just in front of the lateral
malleolus

the centre of the pelvis,
which sits above

the centre of the feet






