Principles of Medical Photography
1. Exposure

a. aperture – depth of field
b. shutter speed

c. gray world assumption – 18%
2. Lighting

a. axial

b. tangential

c. flat

d. reflection control

3. Perspective distortion
a. “plane parallel”

b. lens focal length

4. Management of Distracting elements
a. clothing (gowns)
b. jewelry

c. make-up

d. hair

e. background

5. Standard views – consistency

a. establishing shot

b. close up detail shot
c. positioning

d. exposure

e. angle
6. Reproduction ratio 
a.  image size : actual size
b. Westminister Reproduction Ratios

c. technique – rock focus

7. Scale 
1. Exposure is defined as the quantity of light (number of photons) that strikes a light sensitive surface in a specified area. Camera shutter speed and lens aperture are the controllable variables which affect exposure. Shutter speed is the duration the photo-detector (film) is exposed to light and is expressed in fractions of a second or full seconds (1/2000 to 30 seconds). Aperture is the size of the opening in the lens through which the light passes and is expressed by an f-stop number (f1.4, f2, f2.8, f4, f5.6, f8, f11, f16) with the larger the f-stop number, the smaller the aperture. 

The two controls have a reciprocal relationship. The combination of a long shutter speed and a small aperture can give an equal exposure to a short shutter speed and large aperture. Shutter speed can have a creative dimension in addition to controlling exposure. A fast shutter speed can freeze motion of a subject – an effective technique in sports photography. A slow shutter speed can create a blurred effect – such as in waterfall photography.

In addition to exposure control, aperture can have a creative function called depth of field, which is the zone of apparent focus in front of, and behind the actual plane of focus. The depth of field is increased with a smaller aperture. Depth of field is especially narrow in macro or close-up (1:1 to 1:4 reproduction ratio) photography. To maintain depth of field in macro distances where a small aperture is required, a powerful flash is needed to adequately illuminate the subject. Photographing the eye at 1:1 or 1:2 reproduction ratio requires an aperture of f16 or smaller to maintain good depth of field. This is important as frequently it is difficult to hold completely still while photographing the eye, and having a small aperture and therefore a good depth of field, will increase your chances of obtaining an in-focus photograph.

Full stop changes of shutter speed (i.e. 1/250 to 1/125) or aperture (f8 to f11) double or halve the amount of exposure, providing several combinations of aperture and shutter speed that produce correct exposure but allow various interpretations of motion and depth of field. The following shutter speed – aperture combinations produce the same exposure but different images:

1/500 – f4 (faster shutter speed, smaller depth of field)
1/125 – f5.6

1/60 – f11

1/30 – f16 (slow shutter speed, greater depth of field) 
Gray world assumption.  All photographic exposure systems attempt to render a scene as 18 percent gray. This value is derived from the gray world assumption, which states that if all of the reflectivity values in a typical photograph are reduced to percentages of gray, then added together and averaged, the reflectivity value will be 18%. 

The photographer must understand that the camera is trying to render all exposure to 18% gray when attempting to photograph a subject which does not fall into this norm. The best example is when attempting to photograph a group of people on a ski trip. The intensely white background will be rendered 18% gray by the camera, thus underexposing the persons in the photograph. A patient with pale skin photographed against a white background will be underexposed. The camera’s internal meter tries to render the scene as 18% gray, and the final image renders the patient’s skin darker than it appears in real life. Conversely, patients with dark complexions photographed against a black background are rendered overexposed or too light. 

The photographer must recognize situations where the subject falls out of the 18% gray world assumption (dark complexion or pale patients). Adjusting for these situations by adding or removing light can be done by a camera feature called “exposure compensation,” where light can be added or subtracted from an exposure. Light can be added or subtracted in 1 f-stop increments or less depending on the capabilities of the camera.
2. Lighting. Different medical conditions will require different lighting techniques to adequately demonstrate the condition. Three lighting techniques available to the medical photographer include: 1) axial lighting-flash unit is on the lens axis; 2) texture lighting – flash unit is held off-camera at an approximately 30-45 degree angle to the subject; and 3) flat lighting – equal amounts of illumination occur from both sides of the lens. Axial and texture lighting are done with a detachable flash unit and synchronization cord. Flat lighting is best accomplished with a ring flash or 2 synchronized flash units, one on either side of the lens. 

Axial lighting is the most frequent lighting technique used in medical photography, as it provides adequate illumination of most clinical conditions. Placing the flash unit adjacent to the barrel of the lens minimizes harsh shadows that might be created if the flash unit was placed in the hot shoe of the camera. Instead it creates small shadows and small specular highlights (reflections) that help define the surface texture of skin, lesions, and surgical fields. Accurate subject color is also accomplished by axial lighting.

Texture lighting creates a 3-dimensinal effect by increasing the size of the shadow of the condition. This is accomplished by holding the flash unit 30-45 degrees to the plane of the photo detector. Texture lighting is effective when demonstrating subtle elevations or depressions of a lesion or medical condition. Taking multiple photographs while varying the flash unit location is recommended, to find the optimal illumination of the condition. 

Flat lighting is used to demonstrate most accurate color of a medical condition. Placing a flash unit on either side of the barrel of the lens will create flat lighting. No shadows will fall on the subject. Lack of shadows means better color rendition. A ring light, which has a flash tube encircling the end of the lens will produce flat lighting. 
3. Perspective distortion. The goal of medical photography is to accurately record a patient’s medical condition. Unwanted perspective distortion can occur from using an incorrect focal length lens or incorrect camera position relative to the patient. Perspective is how the brain interprets depth within an image. Distant objects appear smaller and closer objects appear larger on and image. Perspective distortion can be improved by increasing the subject to camera distance. The further away a patient is from the lens, the less distortion will be appreciated on the final image.

Incorrect camera position, specifically if the film plane is not parallel to the subject photographed, creates another perspective distortion. Whenever possible, it is best to keep the plane of the photo detector parallel to the plane of the subject photographed. Keeping the camera “plane parallel” to the subject will remove this common mistake in clinical photography.

4. Management of Distracting Elements. Distracting elements such as hair, clothing, gowns, make-up, jewelry, and objects such as oxygen tubing, unless they are part of the condition, can make a high-quality image of a condition into a mediocre image. Remove clothing or gowns from the image when possible, keeping the patient’s modesty in mind. Hair should be retracted away from the face. Jewelry and make-up should be removed unless it is a part of the patient’ medical condition. Remove oxygen or intravenous tubing from the scene when possible.

Background control will help demonstrate the patient’ medical condition more clearly by eliminating competing elements. Cut away clothing, bloody gauze or sheets should be covered or removed if possible from the scene. Using clean white sheets or blue sterile drapes, or clean operative gowns as a background can eliminate these distractions. Blank, solid-color walls make a good background. Avoid glass or other reflective surfaces as the background as the reflections will detract from the clinical condition. Solid black, white, blue and gray are good background colors. Patterns, red, yellow, or green-colored backgrounds should be avoided.
5. Standard Views. Photographic credibility of a medical condition is best done when a condition is documented using standard views, similar to documenting a radiographic abnormality. For example, when documenting a facial rash, it is best to obtain a standard frontal (AP view), a lateral view, a 45 degree oblique view and then additional non-standard views to better demonstrate the condition. The standard views are often termed the “establishing shot” which defines the extent to the lesion and shows a landmark that clearly demonstrates the location of the condition. A “close up detail shot,” taken from the same point of view as the establishing shot, should demonstrate the subtle detail of the pathology. 

Standard views will be body part dependent. For example, a standard eye series may include both eyes, eye and adnexa, single eye AP view, single eye lateral view, and single eye fluorescein stain. These standard views are often taken at a specific reproduction ratio, described below. You will have the opportunity to shoot standardized views of the eyes, head, face, both hands, single hand, finger nail, and skin during the workshop portion of this session.
6. Reproduction Ratio. A standardized approach to photography of similar body regions  saves time and allows comparison of images taken of different patients or the of the same patient at different times. The Westminister Reproduction Ratios are such a standard. A reproduction ratio  is the recorded image size relative to the actual size of the part photographed (Image Size:Actual Size). For example a finger nail that is 1 centimeter in length measures 1 centimeter on a print  is life size or a reproduction ratio of 1 to 1 or (1:1 reproduction ratio). A reproduction ratio is actually marked on the barrel of the Nikon 60mm macro lens. However, because of the 1.5 multiplication factor due to the size of the photo detector of the Nikon digital cameras, this reproduction ratio is incorrect when used with Nikon digital SLR cameras. 

The Westminister Reproduction Ratios of various body parts are listed below:

	Reproduction Ratio
	Body Part

	1:50
	Full-length (full body) AP, PA, Lat 

	1:25
	Half-length AP, PA, Lat

	1:15
	Torso, back, flank

Legs, upper or lower

Forearm with hand

	1:10
	Head and neck

Both hands and wrists

Pelvis or buttocks

Shoulder

Both feet

Knees

	1:8
	Face

Axilla

Breast

Hair

Hand or foot

Knee or elbow

Neck

	1:4
	Forehead

Both Eyes

Cheek

Fingers

Perineum

Ear or nose

	1:2
	Eye with adnexa

Nails

Teeth

Nipple

Skin

	1:1
	Single eye

Single nail

Skin close ups


“Rock focus” or “Pull focus” is a technique to photograph a body part at a specific reproduction ratio. This is done by first setting the lens to the manual mode. Next, set the les to the desired reproduction ratio. Then, compose the photograph in the view finder insuring that the subject is plane parallel to the photo detector. Move the camera body toward or away from the subject until it is in focus then press the shutter release.
7.  Scale. Scale may be used on a close-up detail shot to establish the size of the lesion and give the viewer a reference for comparison views. A scale should be legible and free from advertising. Measurement markings should be clearly visible. Avoid a scale with reflective surface as this will add distraction. If the photograph is in the horizontal format, the scale should read from left to right. If no scale is available, a coin of know size such as a quarter or dime may be used but is less optimal. Be sure to obtain an photograph without the scale as well. An excellent scale can be purchased from Lightning Powder Company, Inc. (http://www.redwop.com/) ABFO No. 2  photomacrographic scale (catalog no. 6-3875).
