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PREFACE

From its earliest beginning after its discovery in 1895, x-rays were recognized for their amazing ability to penetrate the human body and visualize the skeletal system. Since then, diagnostic imaging has undergone numerous changes in the methods of imaging, developing the image, image display, and image storage. However, throughout the ages there has been little change in the patient positioning aspect of diagnostic radiography. Despite the increasing importance of imaging modalities, such as CT, ultrasound, magnetic resonance (MR) and other molecular imaging studies, it is still essential to visualize the bones, joints and to image the contents of the thorax or abdomen on a two-dimensional image. General radiography often remains the first line of defense in medical diagnosis. 

Radiographic imaging typically requires specific skills and positioning techniques. It is the effective use of these positioning skills that makes general radiography such a challenging and rewarding career option. In fact, poor image quality or poor positioning skills is sometimes a factor in the inability of radiographic imaging to diagnosis pathology, leading radiologists or physicians to seek alternative imaging modalities. 

Turning to an alternative imaging modality should not be the result of poor image quality or poor positioning skills. It is understood that significant inaccuracies that can occur when the central ray is not perpendicular to the part, the image receptor (IR), the detector or cassette. In trauma situations, or if the patient cannot move, it is the responsibility of the imager to manipulate the central ray and the IR or cassette to produce an accurate representation of the part. 

The desired outcome is a quality image and major contributing factor is the imager's competency and positioning skills. However, in addition to knowledge of positioning, another important role of the imaging professional is effective communication. The field of diagnostic radiography can be stimulating, especially from the patient care aspect. Specific verbal skills are necessary and required when interacting with the trauma or seriously ill patient, the intoxicated or mentally challenged patient, and even the overly anxious or the pediatric patient. 

Finally, imaging professionals must use radiation wisely, practicing ALARA (As Low As Reasonably Achievable) at all times. 

The positioning and procedure guide can help educators, students, recent graduates and experienced imagers with a comprehensive overview of routine imaging procedures and positioning terminology. 

The guide includes is a summary of patient care in radiology, infection control, patient communication and digital technology.

Images and details of the fluoroscopy studies, Upper GI series, Barium Enema, Esophagram, Cystogram, ERCP, Myelogram, Arthrogram and Hysterosalpingogram are covered in the companion book, Radiographic Projections and Positioning Guide – Fluoroscopy studies. 
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​Radiographic Policies and Procedures

Importance of Standard Precautions
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Radiographic imaging must always be performed using standard precautions and the proper infection control techniques as outlined by the Centers for Disease Control & Prevention (CDC) and the Hospital Infection Control Practices Advisory Committee (HICPAC). Standard Precautions incorporates fluid and body precautions and body substance isolation. Standard Precautions are required whenever there is a possibility of contact with blood, body fluids, secretions, excretions, mucous membranes and nonintact skin. Standard Precautions must be applied to all patients. 

Hand washing 

Washing hands is a basic infection control technique. Washing hands and cleaning all areas of the x-ray table, erect stand and image plates or detectors before and after contact with the patient. Hand washing must take place even if gloves are worn.

Asepsis means the state of being free from germs. There are two types: 

Surgical asepsis also referred to a sterile technique is the elimination of pathogens by sterilization. 

Sterilization destroys microorganisms and their spores. 

Sterilization is the absolute killing of all life forms. 

Sterilization can be accomplished by autoclave (steam) gas, radiation or chemicals.

Sterility is an absolute state. - An object is either sterile or not.

Medical asepsis is also called clean technique. 

Used to limit the number and prevent the spread of infectious microorganisms. 

Microbes are not eliminated, just reduced or their environment altered so it is nonconductive to growth and reproduction.

Specific Transmission-Based Precautions are applied whenever a patient is infected with a pathogenic organism or a communicable disease, also for patients at risk for infections (immunosuppressed).

Airborne Precautions 


	Organisms remain suspended in the air for extended periods of time e.g., tuberculosis (TB). 

	Infected patients are placed in a negative-pressure isolation room with the door closed. 

	Healthcare providers should wear respiratory protection (filtered mask) on entering patient’s room. 

	Patient leaving room must wear a surgical mask.



Droplet Precautions 


	Pathogens spread through large droplets expelled when patient coughs, sneezes or talks. Droplets travel about 3 feet (91.5 cm) and infection occurs through contact with mouth, nasal mucosa or conjunctiva.

	Patients are placed in private rooms with doors closed.

	Healthcare provider should wear a mask within 3 feet (91.5cm) of patient.

	Patient should wear mask on leaving the room.



Contact Precautions


	Infections spreads through direct contact with patient or a contaminated object (formite) e.g., bed rails. 

	Clean all contaminated equipment after leaving room. 

	Health care providers should wear gloves and wash hands before entering and after leaving the room. 

	Impervious gown needed only if contact with patient is possible, and a face mask is suggested to avoid contaminating the nasal mucosa. 

	Patients leaving room should wear an impervious gown and face mask.





Clinical History Documentation

Reasons include for documentation: 

Aids in diagnosis and prevents misdiagnosis

The radiologist may never see the patient. Clinical documentation is therefore especially helpful. The technologist can locate the actual injury site or foreign body markers be used to indicate the location of a penetrating injury.

Allow modification of exposure 

Additive versus destructive pathologies or the presence of a prostatic device can require changes in the normal technical factors. A clinical history will allow for changes before the exposure.

Rule out errors

The wrong body part may be indicated on the requisition, or the imaging could be contraindicated because of poor internal preparation, allergies or preexisting medical history. Good clinical history documentation would highlight the error or specific problem and allow corrections.

Necessary for legal coding

In many cases, the clinical history is necessary to determine the correct diagnostic code. This can be critical for medical research and in billing and insurance reimbursement. 

Patient Communication

Communicating specific breathing instructions is important in controlling motion. Patient motion control is critical to producing a high-quality radiograph. 


Involuntary motion 



Best controlled by using short exposure times. They are outside of a patient's control and include peristalsis.


Voluntary motion 



Best control by communicating instructions clearly, by providing the patient with a warm and comfortable imaging experience, by using support devices when necessary and by using immobilization devices as a last resort. 

Breathing instructions are necessary when imaging the thorax and abdomen. It is often not necessary when imaging the skull or extremities. However, even when breathing instruction is not required for imaging, telling a child or anxious adult to stop breathing during an exposure can aid in keeping them still.



General Imaging Rules

Proper use of anatomic side marker


	The Right or Left side marker is required on all radiographic images before the exposure

	Markers are not legally acceptable if written or digitally applied after the exposure 

	Markers should not obscure the anatomy or patient’s identification information



Palpation to identify landmarks

Applying light pressure with pad of fingers (not the tip/point of fingers and never with the whole hand). 

Always advice patient before beginning palpations

Use of grid or Bucky device 

Indications for Grid Use


	Thickness of the part – most critical consideration 	Body parts thicker than about 13 cm (5 inches)




	The size of the field 	Large field sizes of (14 X 17” or 35 X 43 cm), will more likely need a grid




	kVp over 85kVp 	kVp plays a minor role in scatter production in digital






Types of Grids


	Stationary or Moving Grids (Bucky) 
	Parallel Grids

	Focused Grids





	Crossed Grids



Special Grids


	Long dimension ̶  lead strips running parallel to the long axis of the grid 	Can be used in portrait and landscape imaging




	Short dimension ̶  lead strips running perpendicular to the long axis of the grid. Grid lines run across short axis of grid (versus the long axis) 	Should be used only in landscape imaging














Grid Cutoff


	Loss of density or exposure affecting a portion of the image or the whole image due to the absorption of the photons by the grid material. 

	Most common with parallel grids



Air Gap Technique – Alternative Grid Use


	Increased OID allows the scatter to be dissipated in the air before reaching the image receptor

	An OID of at least 6” (10-15 cm) is required to be effective 

	Similar to using 8:1 grid



[image: image]

Fig 1a Showing the placement and features of a parallel grid

[image: image]

Fig 1b  focused grid



Two (2) projections minimum

The two projections minimum is taken as near 90-degrees from each other as possible to:


	Avoid superimposition of anatomic structures 

	Allow localization of lesion or foreign bodies

	Show alignment of part

	Determine alignment of fractures



Note: Three or more projections are often necessary with accurately visualizing joints

Fig. 2a (schematic drawing mimicking a fracture), 

Fig.2b (Lateral radiograph of the part), 

Fig.2c (AP radiograph of the part). 

[image: image]

Fig. 2d (schematic drawing mimicking a fracture), 

Fig.2e (Lateral radiograph of the part)

Fig.2f (AP radiograph of the part)

The 15% Rule


	An increase in kVp of 15% is equivalent to doubling the mAs. This rule can be used to reduce the radiation dose to patients by increasing the kVp by 15% and reducing the mAs by ½.


	Note: No amount of mAs increase can compensate for insufficient kVp. 





Imaging Information

Cassettes are lightproof devices that hold the film in analog imaging. This terminology is often incorrectly used when referring to the image plate or detector in digital imaging.

Films are used to acquire the image, display the image and archive the image in analog imaging. 

Image Plate (IP) holds the image receptor in digital photostimulable phosphor (PSP) systems also called computed radiography (CR) imaging. In CR the IP replaces the cassette.

Storage phosphor screen (SPS) or photostimulable phosphor (PSP) is located within the IP. The PSP receives the energy of the x-ray beam. The acquired image is displayed on a computer monitor and the final image archived in a computer storage system.

Image Receptor (IR) received the x-ray. It can be a detector or PSP.

Detector is a specialized device that acquires the image in digital flat panel systems or direct radiography (DR) imaging. The detector can be referred to as the IR. 

Anatomical position. All radiographical reference starts from the anatomical position. The patient stands erect, face and eyes directed forward, arms extended by the sides with the palms of hands facing forward, heels together and toes pointing anteriorly.

Viewing radiograph. Patient's right is placed to the viewers left.

Exceptions to viewing rule. Hands & feet are viewed with fingers and toes upwards.

Anode heel effect is the reduction in intensity of the x-ray beam at the anode end of the tube.


Minimizing anode heel effect involves using shorter SID or placing the thicker body part at the cathode and thinner body part to the anode.



Monitors


The radiologist’s monitor has smaller pixels, superior brightness, and better spatial and contrast resolution than the technologist monitor.





Factors Controlling Image Quality–Digital

Brightness–Intensity of light on monitor. Representing individual pixels in the image (replaces the term density in film-base imaging).

Controlling factors (Note: mAs does not control brightness in digital imaging).


	Processing software–predetermined digital processing algorithms. 

	The user can alter the brightness of the digital image after exposure.



Contrast–Difference in brightness between light and dark areas of an image.

Controlling factors (Note: Changes in kV has less of a direct impact on image contrast in digital imaging)


	Processing software–predetermined digital processing algorithms. 

	User can alter the digital contrast after exposure.



Image Noise–Random disturbance that obscures or reduces image clarity

	Image noise will present with a grainy or mottled appearance. A high SNR (signal to noise ratio) is best.


Controlling factors reducing image noise


	Increasing the signal, basically the mAs, and therefore the number of photons striking detector.

	Use of grid to minimize scattered radiation and therefore noise. 



Resolution–The recorded sharpness or detail of structures on the image

Controlling factors 


	Acquisition pixel size and display matrix.

	Perceived resolution of image is dependent on the display capabilities of the monitor.



Distortion–Misrepresentation of the original object size or shape and can include magnification.

Controlling factors

	SID, OID, central ray alignment, part alignment and CR angulation.


Size distortion or Magnification


	An increase in the size of both axes of an image, length and width, by equal proportions

	Object appears larger than its actual size



Shape distortion

•Unequal magnification of different parts of the same object


• Elongation: Object appears longer than the original in one axis

• Foreshortening: Object appears shorter than the original in one axis



Sharpness


	Controlled by three things only:

	SOD (source-to-object distance)

	OID (object-to-image receptor distance)

	Focal spot size



Shapes and Size Distortion

Normal imaging

Fig 2g (schematic diagram showing normal positioning)

[image: image]

2h Image with no distortion 

Magnification

Fig 2i (schematic diagram showing magnified image with increase OID)

[image: image]

2j Image is magnified

Foreshortening

2k (schematic diagram showing part angulation) 

[image: image]

2l Foreshortened image 

Elongation

2m (schematic diagram showing part angulation) 

[image: image]

2n Elongated image 

Exposure index (EI)–Numeric value representing the exposure the image receptor received. 


	The name varies by manufactures. It is called the exposure index, exposure sensitivity or sensitivity (S) number. If the exposure index is outside the recommended range the image may appear acceptable at the technologist’s monitor but of poor diagnostic quality on the radiologist monitor. 

	The EI value used by a manufacturer can be directly or indirectly proportional to the radiation striking the IR.



Controlling factor


	Intensity of radiation striking detector.

	mAs, kV, total detector area irradiated and/or objects or part exposed (air versus metal or patient’s anatomy).



Deviation Index (DI)– The deviation index calculates the difference between a desired target exposure index and the actual exposure. 

DI changes by +1.0 for each +25% (increase in exposure), and by -1.0 for each -20% change. 


	Results are multiplicative, not additive. Each step multiplies the previous amount (not the original amount). 

	DI formula: DI = 10log10 (EI/EIT). 

	
Normal DI ranges from -0.5 to +0.5. Therefore, a DI of +1 is overexposure and a DI of -1 is an underexposure. 



Function of AEC 

	To terminate the exposure when a pre-selected amount of radiation reaches the IP. The kVp and Ma is set. AEC determines the time of the exposure 


Limitations of AEC


	Not for use on small or narrow anatomy. The part should completely cover at least one whole detector cell

	Not ideal when imaging anatomy that is peripheral or too close to the edge of the body



Should never be used when there is any radiopaque object in the area of interest. This includes surgical apparatus, orthopedic devices or anything metallic. 



Limiting Radiation to Patients 

Minimize repeats–use accurate positioning. 

Collimation–close collimation will reduce patient dose and improve radiographic quality, especially in digital imaging. 

Protective shielding–should be used on all patients whenever possible especially children and potentially reproductive-aged female patients. Shielding is used whenever the gonads are within 5cm or 2 inches of the collimated field and if shielding will not compromise the radiograph.

Selection of correct exposure factors–use high kV and low mAs whenever possible to reduce patient dose. In digital imaging using the 15% rule to reduce the mAs while increasing the kVp will reduce patient dose without affecting image quality. 

Patient positioning–using the posteroanterior projection (PA) versus the posteroanterior (AP) will allow reduced radiation to the eyes, breast, thyroids and often the gonads.

Pregnant patients–avoid imaging the fetus especially during the first trimester unless medically necessary. 

The 10-day or LMP (last menstrual period) rule—applies to all radiological examinations involving the pelvis or lower abdomen. Imaging should be scheduled during the first 10 days following the onset of menstruation. The rule is abandoned if imaging is medically necessary.

Personnel protection–provide lead aprons, thyroid shielding or lead gloves if needed, to all personnel in the x-ray room during an exposure. Always practice time, distance and shielding. Doubling your distance from the source of radiation will reduce exposure by ¼. 

Technologist should always practice ALARA–As low as reasonably achievable.



Units of Radiation


Roentgen (R), coulomb/kilogram (C/kg) or (Gya) 

Measures radiation exposure in air.

Rad (rad) or Gray (Gyt) 

Measures the amount of radiation energy absorbed in a medium e.g., body tissue.

Rem (rem) or Sievert (Sv)

Measures the occupational exposure or dose equivalent–consideration given to the biological effects of several types of radiation.

Skin Entrance Exposure (SEE)

Measure the exposure to the skin in the region where the radiation first strikes the body. 

Effective Dose

Considers the dose to all the organs and their relative risk of becoming cancerous or the risks of genetic damage to the gonads.



Source to skin distance (SSD)–critical in fluoroscopy imaging


	15 inches (38 cm) minimum for stationary fluoroscopy units

	12 inches (30 cm) minimum for mobile fluoroscopy (C-arm)



Somatic effects–Radiation affecting the individual only.

Genetic effects–Radiation affecting future generations of the individual.

Deterministic effects (nonstochastic) effects - High radiation doses produce an initial response. All early effects, and most normal tissue late effects are deterministic.

Stochastic effects (probabilistic effects) - Low doses delivered over an extended period with a late or delayed response. They increase in likelihood as dose increase. Their severity is not dose related



Anatomical Position

Patient standing erect with the face and eyes directed forward, arms extended by the sides with the palms of hands facing forward, heels together and toes pointing anteriorly

	All reference is from the anatomical position


Fig 3a. The body in the anatomical position 

[image: image]



Radiographic Planes 

Sagittal Plane–Divides the body into ANY right and left sections.

Median/Midsagittal Plane (MSP)–Divides the body EQUAL into right and left sections. 

Coronal (frontal) Plane–Divides the body into ANY anterior and posterior sections.

Mid Coronal Plane (MCP)–Divides the body into EQUAL anterior and posterior sections.

Horizontal/Transverse Plane–Any horizontal plane at right angle to coronal or sagittal planes.

Oblique Plane–Any plane not classified as a main plane. i.e., slant or deviate from the perpendicular, horizontal, longitudinal or transverse. 

Sectional imaging includes:

	Longitudinal sections–A section that is lengthwise in the direction of the long axis or any of its parts, regardless of the body position (erect or recumbent). Sections can be taken in the sagittal or coronal planes. 


Body Surfaces


Posterior/dorsal–back 

Anterior/ventral–front

Plantar–sole or posterior surface of foot

Palmar–ventral or anterior of hand (palm)

Dorsal can refer to the hand or foot




	Foot–top or anterior surface of foot

	Hand–back or posterior aspect of hand 



Spinal Curvature


Lordosis–commonly found in lumbar region or cervical regions (exaggeration of normal curvature) 

Kyphosis–commonly found in thoracic region (exaggeration of normal thoracic curvature

Scoliosis–lateral curvature of spine





Body Habitus and Pathology

Patient Body Habitus 


	Sthenic – normal, active – 50% of population

	Asthenic – very thin, frail ̶  10% of population

	Hyposthenic  ̶  thin, tall  ̶  5% of population

	Hypersthenic  ̶  heavy ̶  35% of population



Pathology can affect the image if it substantially alters one of the five radiographically demonstrable materials.

E.g., gas, fat, fluid, bone, or metal.

Small, localized pathology does not require change in technical factors


	Additive diseases can require technique increases of 35% to over 100% 

	Destructive require a decrease in technique 

	Postmortem Radiography can require a 35-50% increase due to pooling of fluids by gravity



Contrast agents

Positive  – high kVp needed

Negative – lower kVp recommended

Cast modifications


	Plaster cast 
	Dry increase by 5-7kV (15 % increase kVp) 

	Wet increase by 8-10 kV (30% increase kVp)





	Fiberglass cast 
	Dry increase by 3-4 kV (7 % increase kVp)

	Wet increase by 5-7kV (15 % increase kVp) Increased 







Reduce  kVp when imaging the pediatric and geriatric  patients

Soft tissue technique

Imaging used a 20% decrease in kVp

Used  to image low contrast objects e.g., wood, glass or bones

Increase Attenuation (Additive) Conditions


	Abscess

	Edema

	Tumors

	Acromegaly

	Hydrocephalus

	Aortic aneurysm

	Ascites

	Cirrhosis

	Calcified stones

	Atelectasis

	Bronchiectasis

	Cardiomegaly

	Congestive heart failure (CHF)

	Empyema

	Pleural effusions

	Hemothorax and hydrothorax

	Pneumoconiosis

	Pneumonia (pneumonitis)

	Pneumonectomy

	Pulmonary edema

	Tuberculosis

	Advanced and military



Decreased Attenuation (Destructive) Conditions 


	Anorexia nervosa

	Atrophy

	Emaciation

	Active osteomyelitis

	Aseptic necrosis

	Degenerative arthritis

	Gout

	Multiple myeloma

	Osteolytic metastases

	Osteomalacia

	Osteoporosis





Radiographic Terms

SID–The source to image receptor distance. 

OID–The object to image receptor distance.

CR–The central ray of the x-ray photon beam leaving the x-ray tube. The beam diverts from the focal spot to strike any object in its path. 

Position–Describes the actual patient position in relationship to the x-ray table or IR (can be detector, IP or cassette). Position can also refer to general body position e.g., seated, standing etc. Position and projection are sometimes used interchangeably and incorrectly. Example of correct usage:

	The technologist performed a PA projection of the chest with the patient in the upright position.


View–Used in the U.S. to describe the body part as seen by the IR. In some countries it is used to describe projections.

Lateral–Can be used to describe a patient position, a projection or the relationship between two structures.

Technical factors


	Kilovoltage peak (kVp) controls the energy, the voltage and therefore the penetrability or speed of the electrons leaving the filament.

	Milliampere (mA) controls the quantity or number of electrons produced. 

	Exposure time in milliseconds (ms) controls the duration of the exposure in milliseconds.

	The SID is sometimes added when listing the technical factors.



Fig. 3b. SID-SOD-OID relationship

[image: Diagram
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Radiographic Body Positions

Supine– dorsal recumbent, patient lying on back.

Prone– ventral recumbent position, patient lying face down.
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