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Review of Intra-oral Radiography 

Intra-oral Radiography:

• 2D, diagnostic imaging using ionising radiation (= x-ray beam)
• Clinical workflow:

• Film / receptor placed intra-orally à Expose (the film & the patient) with x-ray beam à
film processing à diagnostic image production 

• Images are of black (radiolucent), white (radiopaque) and grey ‘shadows’
• Three types:

• Bitewing (BW), Periapical (PA) & Occlusal 
• Digital or analogue 
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BITEWING EXAMINATIONS
Bitewing (also called interproximal) images include the crowns of 
the maxillary and mandibular teeth and the alveolar crest on the 
same receptor. Bitewing receptors are particularly valuable for 
detecting interproximal caries in the early stages of development 
before it becomes clinically apparent. Because of the horizontal 
angle of the x-ray beam, these radiographs also may reveal second-
ary caries below restorations that may escape recognition in the 
periapical views. Bitewing projections are also useful for evaluating 
the periodontal condition. They provide a good perspective of the 
alveolar bone crest, and changes in bone height can be assessed 
accurately through comparison with the adjacent teeth. In addi-
tion, because of the angle of projection directly through the inter-
proximal spaces, the bitewing receptor is especially effective and 
useful for detecting calculus deposits in interproximal areas. 
(Because of its relatively low radiodensity, calculus is better visual-
ized on images made with reduced exposure.) The long axis of 
bitewing receptors usually is oriented horizontally but may be 
oriented vertically.

Horizontal Bitewing Receptors
To obtain the desirable characteristics of the bitewing examination 
described, the beam is carefully aligned between the teeth and 
parallel with the occlusal plane. As the receptor or receptor-holding 

FIGURE 7-6 Receptor-holding device for bitewing images. Note the external localizing ring, 
which is used to position the aiming tube of the x-ray machine to ensure that the entire receptor 
is in the x-ray beam. Disposable barrier has been removed to show detector and wire. (Courtesy 
Dentsply Rinn, Elgin, IL.)

FIGURE 7-7 Bitewing loop, showing the tab that the patient bites on to support the receptor during exposure. 

instrument is placed in the mouth, the portion of the mandibular 
quadrant that is being radiographed is in view. The position of the 
teeth in this segment of the mandibular quadrant is evaluated, and 
the beam is directed through the contacts. Some difference may 
exist in the curvature of the mandibular and maxillary arches. 
However, when the x-ray beam is accurately directed through the 
mandibular premolar contacts, overlapping is minimal or absent 
in the maxillary premolar segment. A few degrees of tolerance are 
available in the horizontal angulation before overlapping becomes 
critical. The contact between the maxillary first and second molars 
often is angled a few degrees more anteriorly than between the 
mandibular first and second molars. The aiming cylinder is posi-
tioned about +10 degrees to project the beam parallel with the 
occlusal plane (occlusal dentinoenamel junction). This orientation 
minimizes overlapping of the opposing cusps onto the occlusal 
surface and thus improves the probability of detecting early occlu-
sal lesions at the dentinoenamel junction.

The XCP (Dentsply Rinn, Elgin, IL) bitewing instrument has 
an external guide ring for positioning the tube head. This guide 
ring reduces the possibility of cone cutting the receptor (Fig. 7-6). 
To position the XCP instrument properly, the guide bar is placed 
parallel with the direction of the beam that opens the contacts of 
the dentition being examined.

A receptor fitted with a bitewing tab or loop may be used 
instead of a holding device (Fig. 7-7). The receptor is placed in a 
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Projection of Central Ray. Project the central ray to the center of the receptor 
and through the contact of the first and second maxillary molars. Angle the central 
ray slightly from the anterior because the molar contacts usually are not oriented at 
right angles to the buccal surfaces of these teeth. A vertical angulation of +10 degrees 
is recommended. (In the drawing, the mandibular teeth are shown in dashed lines.)

MOLAR BITEWING PROJECTION—cont’d

Point of Entry. The central ray should enter the cheek below the lateral canthus of the eye at the level of the 
occlusal plane.

Left Posterior Bitewing (BW) 
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Learning Objectives

• Understand the composition of a general analogue film
• What is a latent image?
• How is a latent image processed to form a final image?
• What are the factors that affect the final image quality?
• Understand how to assess faulty radiographs



What you’ll see on the outside…

• Intra-oral film packet 
• Plastic cover à moisture-proof
• Orientation dot (dot to the mesial) 
• Inner paper wrap / black paper wrap 

à light-proof
• Lead foil backing à prevents residual radiation 

continuing on into patient’s tissues
• ANALOGUE FILM



What you can’t see inside… 

• Double emulsion film à
• Emulsion = where image is recorded
• Sensitive to x-rays, visible light & UV
• Double layers (to reduce radiation dosage) 

• Base = film support 
• Clear, transparent plastic

• Others:
• Gelatin layer x2 (outer protective layer)
• Adhesive layer x2 (between base & emulsion)



Emulsion 

• Main components:
• Silver halide crystals (or grains) à sensitive to x-ray photons!

• Mostly silver bromide (Ag-Br) crystals à
• Vehicle / Gelatin matrix 

• Suspends silver halide crystals
• Allows efficient chemical processing 

• Overcoat
• To protect from damage eg. Scratch



Latent Image Formation

• = exposed film à

• CHEMICAL change in film emulsion after 
x-ray exposure 
• Silver bromide (Ag-Br) crystals in the 

emulsion layer have: 
• Free silver ions (positively charged) and;
• Sulfur compounds aka ‘sensitivity site’ (SS)

• Irradiated silver bromide release electrons 
and bind to ‘SS’
• SS become negatively charged

• Free silver ions are attracted to –vely charged 
SS to form neutral silver atom

* Remember – only IRRADIATED (EXPOSED) 
Ag-Br crystals form latent image



Latent Image to Final (Visible) Image 

• Processing tank (stainless steel)
• CHEMICAL PROCESSING (4 steps)

1. Developing solution
2. Water
3. Fixing solution 
4. Water
& Dry & Mount

• Other requirements
• Timer
• Dry zone / area 
• Lightproof à ‘safelight’ Red GXB-2 filter (7.5-15W bulb)
• Humidity à 50-70% relative humidity
• Temperature à 20-25°C (room temp)



Chemical Processing – 1. Developing

• Target: latent image / exposed silver halide crystals
• Chemicals used: 

• Phenidone – converts latent image to metallic silver grains via oxidation
• Hydroquinone – reduces oxidated phenidone to help continuing its action
• Sodium sulphite (antioxidant preservative)
• Potassium carbonate (activator)

• Maintains alkaline environment (developers need pH ~10) 
• Swells gelatin layer to let developing agents to diffuse more readily 

• Benzotriazole (restrainer)
• Restrains developing unexposed Ag-Br crystals à reduces image fogging 

• Glutaraldehyde
• Fungicide
• Water

• Duration: 3-6 minutes (depending on the temperature)



Chemical Processing – 2. Rinsing 

• Rinse the film in water for with gentle agitation
• To:
• Prevent over-developing

• Over-developed images = dark final image (film fog)
• Buffer to neutral pH

• Duration: 20-30 seconds



Chemical Processing – 3. Fixing

• Target = unexposed silver halide crystals 
• Chemicals used:
• Ammonium thiosulphate – removes/dissolves unexposed silver halide crystals
• Sodium sulphate (preservative)
• Aluminium chloride (hardener)

• Reduces swelling of the gelatin from subsequent handling
• Acetic acid (acidifier)

• Maintains acidic environment (pH 4-4.5) for the fixer 
• Inactivates residual developing solution, if any

• Duration: 8-10 minutes



Chemical Processing – 4. Final Rinsing 

• Rinse in water (in bath + under running water) 
• To:
• Prevent over-fixing

• Over-fixing causes light image 
• Remove all the silver thiosulfate complexes (they cause fixer stains = obvious 

radiopaque areas on the final image) 



Unexposed film & Ag-Br 
Only exposed Ag-Br 
form latent image

After fixing (final image) Latent image become real image
(image at this stage has fogging due to 
presence of remaining unexposed Ag-Br)



Darkroom Daily Start-up Protocol 

• Clean & dry benches
• Check safelight & check for any light leaks
• Check chemical solutions (developers & fixers)

• Check the volume & temperature
• Stir to equalise the temperature throughout the tanks
• Step-wedge test (mainly to test developer)

• Compare daily ‘test film’ with initial ‘reference film’
• Reference film = processed film when developer & fixer were newly replenished / replaced

• When an optical difference is noted, all chemicals need replacement 
• Weekly clearing time test (fixer efficacy)

• Measure time taken to remove all silver halide crystals (unexposed film) 
• Ideal = 8-10 min (at room temperature ~ 25°C)
• Replace fixer if the clearing time doubles 



Automatic Processing

• Manual processing can take up to >10 min.
• Compact ‘darkroom’ unit 
• No need for a separate dedicated darkroom 

• Fast process  
• Passes successively through the developer à

fixer à water à and drier (usually 5 min)
• High concentration of hydroquinone in 

developing solution 
• Often, inadequately rinsed à discolouration





Analogue Film Viewing

• Mount ONLY DRY films
• Check orientation
• Mandatory information on mounted films:
• Patient detail (name, gender, DOB)
• Date of exposure
• Type of film 
• Institution / address of practice 
• Exposure details (if possible) 

• Light box 



Film Storage

• Medicolegally, all films must be kept for 7 years*
• If child, for 7 years after turning 18 years old

• Stored in a cool, dry place 

* Check AHPRA / ARPANSA / Radiation Health (in QLD) annually for any change 



Common Film Faults



Processing Errors - I

• Light exposure in darkroom
• Dark image = light leak into the darkroom
• Film fogging (poor contrast, dark image) = prolonged exposure to safelight

• Poor handling
• Fingerprints
• Nails
• Bent films

• Developing errors
• Over-development à dark image
• Under-development à light image 
• Contaminated film with developer before processing à black spots



Darkroom/
Light Exposure  
Errors

x Exposure to light = black image
x E.g. Opening film with room light on

x Prolonged exposure to safelight = fogged (dark) image

x Handling errors (e.g. fingerprints, nails, bending)

Images from:
Whaites & Drage, 2013
White & Pharoah, 2014

Developing 
Errors

x Overdevelopment = dark image

x Under-development = light image

x Developer on film before processing = black marks or spots

White & Pharoah, 2014 https://oralradiology.wordpress.com/2012/08/22/artifacts-analogfilm-and-debt-part-1/
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Processing Errors - II

• Fixing errors
• Over-fixing à light image (or clear)
• Under-fixing à dark image
• Contaminated film with fixer before processing à white / clear spots
• Film in fixer before developer à clear image 

• Rinsing errors
• Inadequate rinsing à Brown image (usually from fixer staining) 
• Over-rinsing à emulsion peel ie. No image 

Washing 
Errors

x Inadequate washing of film to remove all fixer = fixer stain

White & Pharoah, 2014

Fixing Errors

x Under-fixing = dark & opaque image

x Over-fixing = pale or clear image

x Immersed in fixer before developer = clear image

x Fixer on film before processing = clear marks or spots

Images from:
Whaites & Drage, 2013
White & Pharoah, 2014

Fixing Errors

x Under-fixing = dark & opaque image

x Over-fixing = pale or clear image

x Immersed in fixer before developer = clear image

x Fixer on film before processing = clear marks or spots

Images from:
Whaites & Drage, 2013
White & Pharoah, 2014



Beam-related Errors

• Exposure setting errors
• Underexposure à light image

• Insufficient mA
• Insufficient kVp
• Insufficient time
• Long film-source distance
• Film reversed in mouth

• Overexposure à dark image
• Excessive mA
• Excessive kVp
• Excessive time

• Beam misalignment à Cone-cutting (partial image)
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