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Abstract

PRE-ORTHODONTIC RADIOGRAPHY OR THE TEMPOROMANDIBULAR JOINT

fey

Stephen G. Tracey, D.D.S.

The dental profession has given increased attention to 

temporomandibular joint problems in recent years. Many 

orthodontists have shown professional concern by taking 

pretreatment lateral tomograms to assess developmental 

abnormalities, previous injury, pathology, and condylar 

position. The purpose of this study was to determine the 

consistency of orthodontists in evaluating lateral tomograms 

and panoramic films, particularly when used prior to treatment. 

Lateral tomograms and panoramic films of 60 single joints were 

evaluated by 4 orthodontists on two separate occasions. A

questionnaire was completed for each radiograph observed and

responses were compared for interobserver and intraobserver

aggreement. Statistically, results showed little to no 

interobserver agreement, regardless of the type of radiograph 

used, though a trend of agreement did exist more predominantly 

with tomograms. There was a greater trend for intraobserver 

agreement than interobserver agreement on each question. 

Because of the apparent lack of interobserver agreement, the 

use of corrected tomograms prior to orthodontic treatment must 

be questioned.
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INTRODUCTION

^The dental profession has given increased attention to

temporomandibular joint (TMJ) problems in recent years and many

theories concerning the etiology and progression of TMJ
1 -4pathology have been advanced. v

professional concern by taking pretreatment lateral tomograms 

of the TMJ in order to assess developmental abnormalities, 

previous injury, present pathology, and condylar position. 

This usually involves one tomographic slice of each 

temporomandibular joint and a submento-vertex radiograph which 

is used to determine condylar angulation and depth of the cut

Since the work of

Orthodontists have shown

at which the tomograms are to be taken. 

Ricketts (1953)^, the tomographic technique has been used

routinely on children undergoing orthodontic treatment in many
6-8practices throughout the United States.

Radiographic evaluation of TMJ pathology has been
9-11discussed in a number of articles. It has been stated that

the tomographic technique shows true pathology to a greater 

extent than the transcranial, panoramic or transmaxillary

projections, especially if there are questions concerning the 

joint space. 1 2-1 7 Evalution of any changes in the soft tissue

part of the joint requires the use of arthrography
1 8-20

, double 

21 -23contrast arthrography,
24-26

computed tomography,

Lateral corrected tomography provides

or

magnetic resonance.

good radiographic information regarding morphology and 

pathology of the bony components of the temporomandibular joint 

and has been discussed by numerous investigators. 27-30 Rather
1
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than using average measurements, a submento-vertex radiograph 

is taken to try to more accurately determine condylar 

angulation and the depth of cut at which the tomograms are 

Though the technique produces a more reliable, higher 

quality tomogram, it also means an increased amount of 

radiation exposure for the patient, especially in the area of

taken.

the thyroid, which is positioned higher and considered more
31 ,32radiosensitive in children than in adults.

Normally, three to five tomographic slices of each condyle 

are considered necessary to adequately evaluate bony structural 

abnormalities of the temporomandibular joint, 

condyle, such as with the tomograms routinely used for 

pre-orthodontic TMJ screening, will only show joint space and 

bony abnormalities in the region of that slice, which hopefully 

is taken in the central portion of the condyle since the 

central two-thirds of the joint region is the area considered 

most clearly reproduced tomographically. 

tomographic technique assumes that the lateral pole and the 

medial pole are normal or abnormal to the same extent as the

One slice of the

13 Using a one slice

region of the slice. However, it has been shown that condylar 

pathology is more frequently found in the lateral pole. 

Another questionable assumption is that the condylar position 

demonstrated in a one slice tomogram is truly representative of 

its actual position in the fossa.

33

These limitations seem to

suggest that patients may be exposed to an increased amount of 

radiation for a questionable amount of information, and point 

to the fact that a panoramic film may be just as adequate as a
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pre-orthodontic TMJ screening film as one slice tomography.

The panoramic film can be considered a curved surface 

However, angulation as well as the depth and 

width of the cut at which the radiograph is taken are usually 

based upon the teeth, not the TMJ.

laminagraph.

This means that unless the

patient is positioned accurately, a consistent, reliable slice 

of the joint is not obtained on each film. Also, with most

routine dental panoramic films the teeth are placed in an 

end-to-end bite while the film is being taken so as to assure 

that both the maxillary and mandibular dentition are in focus.

This protrusive position makes it nearly impossible to make any 

definitive judgements about condylar position, 

evaluation of joint position is of primary importance, a 

panoramic film can be taken with the patient in centric 

occlusion, but the approximation of the condyle to the fossa 

would still be distorted due to differences between the

If the

angulation of the x-ray beam and the angulation and slope of 

the condyle and fossa. However, in spite of its limitations, 

panoramic films may be used to screen for condylar abnormalites 

and pathology. Additionally, since the panoramic film is 

routinely used by both the general dentist and the specialist 

in all phases of dentistry, no additional radiation exposure 

need be incurred by the patient. The thyroid absorbed dose of 

a panoramic film is only about 0.259 mGy when a protective lead
32collar is worn by the patient versus approximately 15 mGy

from a conventionally collimated submento-vertex radiograph, 

with which a lead collar cannot be worn, plus approximately



340.04 mGy from two lateral tomographic films.

It is generally accepted that dental radiographs cannot be 

interpreted with the degree of precision, predictability, or 

objectivity that dental practitioners would like, 

though it has been commonly accepted that persons trained in 

the analysis of radiographs would be better able than the 

untrained to agree among themselves, endodontic studies have 

shown that complete agreement among clinicians regarding

35 Even

whether or not an area of pathosis is radiographically 

observable is around 50$ at best. 36-38 Considering that the 

radiographs must be of good quality, we can still only say

whether or not an abnormality is apparent from radiographic

evidence. We cannot say with any certainty whether or not an 

abnormality actually exists.

Abnormalities that can be revealed by TMJ radiography in

1) Congenital and 

acquired developmental conditions, 2) Acute trauma, 3) 

Nontraumatic and degenerative arthritis, 4) Bony ankylosis of 

the joint, 5) Generalized disorders of the bone, 6) 

Abnormalities of function, and 7) Postural derangements.^

adults are considered under the headings:



OBJECTIVE

Any diagnostic test must exhibit both validity and 

reliability to be maximally useful.

the diagnostic test must be reliable; that is, 

multiple examiners must be able to arrive at the same diagnosis 

when presented with the same diagnostic data, and the same 

examiner must agree with himself/herself on repeated readings. 

This is not to say that agreement alone constitutes a correct 

diagnosis.

To establish a correct

diagnosis ,

The diagnostic test must also be valid; that is, 

the data must accurately reflect the physiologic conditions
38present, and the examiners must have sufficient expertise to 

make a correct diagnosis.

Though both the panoramic and single slice tomographic 

techniques have been widely used, to the best of the author’s 

knowledge, there has been no study evaluating the reliability, 

that is agreement between multiple examiners, of findings on 

one slice tomograms and panoramic films, and their effect on 

future orthodontic treatment.

The objective of this study was to assess whether it is 

possible for orthodontists, using these radiographs, to 

consistently agree on findings dealing with joint pathology, 

developmental abnormalities, and condylar position, and whether 

or not these findings would alter initial orthodontic treatment 

plans.

5



METHODS AHD MATERIALS

Tomograms and panoramic films were obtained from 30 charts 

of asymptomatic (at initial exam) orthodontic patients at the 

LLU School of Dentistry Graduate Orthodontic Clinic and 30 

charts of symptomatic TMJ patients at the LLU Medical Center 

TMJ Clinic. The radiographs displayed varying degrees of 

radiographically observable TMJ abnormalities and/or pathology. 

A total of 120 radiographs (60 tomograms, 60 panoramics with 

TMJ only visible) showing 60 single joints, right or left, were 

accurately reproduced on photographic slides.

Standardized 35 mm. slide reproduction of the radiographs 

was accomplished as follows: A radiographic illumination box 

was constructed measuring approximately 14 inches high by 14 

inches wide by 24 inches deep. For maximum internal light 

reflection the inside was painted white while the outside was 

painted black to minimize external glare. Ventilation holes 

were placed for heat dissipation away from the light source 

which was a 3200° K incandescent bulb. The illumination 

surface onto which the radiographs were affixed was 1 /8 inch 

thick white translucent plexiglass. The photographic equipment 

consisted of a Pentax ME Super 35 mm. camera body with a Kiron 

105 mm. macro lens. Magnification was approximately 1:2.5 to 

allow for accurate size reproduction of the radiographic image 

at observation. The slides were further standardized by

matting each joint film with black construction paper 

containing a 45 mm. by 55 mm. opening so that only a uniform 

area including and surrounding the joint was visible. Exposure

6
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settings consisted of an F-stop of 2.8 with additional light

transmission provided by setting the exposure-adjustment 

control at 1/4 x. The camera's aperture-priority mode was used 

to automatically set shutter speed, therefore allowing

compensation for the variation in film densities of the 

Accurate color balance was achieved by using 

Kodak Ektachrome 160 Tungsten film and a 0.05 Cyan gelatin 

filter mounted in a Cokin Systems lens holder, 

utilized for stability during the photographic process.

A Kodak Carousel 5600 slide projector with built in Slide 

Scan screen was used for observation of the slides.

Scan screen was adjusted and focused in such a way that the 

projected image duplicated the size of the original 

radiographic image to the nearest 0.5 mm.

The slides were organized at random and then evaluated 

separately by four orthodontists who diagnose and treat TMJ

Each orthodontist was asked to complete a 

questionnaire (Attachment 1) for each slide assessed, 

time to assess all of the slides was approximately 2 hours for 

each orthodontist.

radiographs.

A tripod was

The Slide

related problems.

Allotted

At a later date (at least one day), the same orthodontists 

repeated the procedure as outlined above; viewing the 

slides (but in reverse order) and completing the same 

questionnaire for each slide.

to study interobserver and intraobserver agreement.

same

Both observations were utilized

Observers marked their answers for each question on a line 

exactly 10 cm. long. Since the line represented a range of
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responses, marks were to be made anywhere on the line 

corresponding to each observer's personal assessment of the 

question as it related to the radiograph being observed. 

Scoring of the responses was based upon the lines being divided 

into 1 cm. increments, 0 through 10, from left to right. 

Responses were scored to the nearest centimeter increment, up 

or down.

Statistics: Each of the questions were analyzed for all 

tomograms and panoramic views, both together and separately, 

across the five observers for interobserver agreement using

Analysis of Variance. Intraobserver agreement for both types 

of radiographs separately was analyzed utilizing the Paired

T-test.



RESULTS

Statistical results for each question, numbered 1 through 

9, will be reported as follows: 

interobserver agreement for panoramics and tomograms together, 

panoramics, and tomograms will be made followed by summaries of 

intraobserver agreement for panoramics and tomograms. Unless 

otherwise noted, there was a complete range of responses given 

by all observers for each question.

1. WHAT IS THE CONDYLAR POSITION (ANTERIOR/POSTERIOR)?

Interobserver Agreement

Panoramics and tomograms together:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

0.01). Mean scores ranged from 4*7 for Observer 4 to 7.0 

for Observers 2 and 3 representing a central to anterior 

average condylar position. Observers 2 and 3 showed 

apparent agreement with like mean scores of 7*0. (Table

First summaries of

1 )

Panoramics:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

Mean scores ranged rather uniformly from 5.1 for 

Observer 4 to 9-0 for Observer 3> representing a central 

to anterior average condylar position. (Table 2)

Tomograms:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p <

0.01).

9
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0.01) . Mean scores ranged from 4*3 for Observer 4 to 6.6 

for Observer 2 representing an approximately central

average condylar position. Observers 1 and 4 showed near 

agreement with scores of 4»5 and 4*3 respectively. (Table

3)

Intraobserver Agreement

Panoramics:

Three of the four observers showed no statistically 

significant difference from observation 1 to observation

2 while one, Observer 1 , showed a statistically 

significant difference (Paired T-test, p < 0.01) with a 

mean score of 6.3 for the first observation verses 7.1

for the second observation. This represented a shift of

average condylar position to a more anterior position. 

(Table 4)

Tomograms:

Three of the four observers showed no statistically

significant difference from observation 1 to observation

2 while one, Observer 2, showed a statistically 

significant difference (Paired T-test, p < 0.01) with a 

mean score of 5*6 for the first observation verses 7*5

for the second observation moving from a central to an 

anterior position. (Table 5)

2. WHAT 10 THE CONDYLAR POSITION (VERTICAL DIMENSION)?

Interobserver Agreement
Panoramics and tomograms together:
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When viewed as a group, statistically significant 

difference was seen among the four observers (MOYA, p < 

Mean scores ranged from 4*6 for Observer 2 to 

7«6 for Observer 3 representing a central to inferior 

average condylar position, 

near agreement with respective mean scores of 4*6 and 

5.1. (Table 1)

0.01).

Observers 2 and 4 showed

Panoramics:

When viewed as a group, statistically significant 

difference was seen among the four observers (MOYA, p < 

Mean scores ranged from 4-2 for Observer 2 to 

8.2 for Observer 3 representing an approximately central 

to inferior average condylar position. (Table 2)

0.01).

Tomograms:

When viewed as a group, statistically significant 

difference was seen among the four observers (MOYA, p < 

Mean scores ranged from 4*9 for Observer 2 to 

6.9 for Observer 3 representing a central to inferior 

average condylar position.

0.01).

Observers 2 and 3 showed

near agreement with mean scores of 4-9 and 5*1 

respectively. (Table 3)

Intraobserver Agreement

Panoramics:

There was no statistical difference from observation 1

to observation 2 for any of the observers (Paired 

T-test, p < 0.01). (Table 4)

Tomograms:
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As with the panoramic films, all four of the observers 

showed no statistically significant difference from 

observation 1 to observation 2 (Paired T-test, p < 

0.01). (Table 5)

3- IS THE CONDYLAR POSITION WITHIN NORMAL LIMITS?

Interobserver Agreement

Panoramics and tomograms together:

As a group, statistically significant difference was 

seen among the four observers (ANOVA, p < 0.01), with 

mean scores ranging from 3.3 for Observer 3 to 5.8 for 

Observer 4 indicating a spread of responses in the No to 

Uncertain area. (Table 1 )

Panoramics:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

0.01) with mean scores ranging from 1.5 for Observer 3 

to 4*9 for Observer 4* Observers 1, 2, and 4 show near 

agreement with mean scores of 4-6, 4-0, and 4.9

resectively, representing Uncertain responses with 

Observer 3's score of 1.5 representing a No response. 

(Table 2)

Tomograms:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

0.01 ) with mean scores ranging from 4.2 for Observer 2 

to 6.6 for Observer 4 indicating responses of Uncertain.
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Observers 1 and 3 seemed to agree with mean scores of 

5*1 and 5*2 respectively. (Table 3)

Intraobserver Agreement

Panoramics:

Three of the four observers showed no statistically

significant difference from observation 1 to observation

2 while one, Observer 1 , showed a statistically 

significant difference (Paired T-test, p < 0.01) with a

mean score of 5*0 for the first observation verses 4*2

for the second observation, remaining essentally 

Uncertain but slightly more in the No direction. (Table

4)
Tomograms:

Three of the four observers showed no statistically

significant difference from observation 1 to observation

2 while one, Observer 4, showed a statistically 

significant difference (Paired T-test, p < 0.01) with a 

mean score of 6.3 for the first observation verses 6.9

for the second observation, indicating a shift in the 

Yes direction. (Table 5)

4. DO YOU SEE ANY CONDYLAR PATHOLOGY?

Interobserver Agreement

Panoramics and tomograms together:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

Mean scores ranged from 3*9 for Observer 4 to0.01) .
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5-1 for Observer 1 , representing slightly No to 

Uncertain responses.

relatively good agreement with mean scores of 4.2, 4.0, 

and 3*9 respectively. (Table 1)

Panoramics:

Observers 2, 3, and 4 showed

No statistical difference was seen among the four 

observers (ANOVA, p < 0.01) with mean scores ranging 

from 4*0 for Observers 2 and 3 to 5*2 for Observer 1 

representing responses that could be classified as 

Uncertain. (Table 2)

Tomograms:

As with the panoramics, agreement was seen among the 

observers (ANOVA, p < 0.01). Mean scores ranged from

3*7 for Observer 4 to 5*1 for Observer 1 also

representing responses from slightly No to Uncertain. 

(Table 3)

Intraobserver Agreement

Panoramics:

Of the four observers, two showed no statistically 

significant difference from observation 1 to observation

2 while two, Observers 3 and 4, showed a statistically 

significant difference (Paired T-test, p < 0.01) with

mean scores changing from the first observation to the

second observation, from 4*5 to 3.5 for Observer 3 and

from 4.3 to 3*9 for Observer 4. (Table 4)

Tomograms:

Three of the four observers showed no statistically
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significant difference from observation 1 to observation 

2 while one, Observer 2, showed a statistical difference 

(Paired T-test, p < 0.01) with a change of mean scores

from the first observation to the second observation in

the No direction from 5*6 to 3*2. (Table 5)

5- DO YOU SEE ANY FOSSA PATHOLOGY?

Interobserver Agreement

Panoramics and tomograms together:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

Mean scores ranged from 1.6 for Observer 2 to0.01).

4-8 for Observer 1, representing responses from No to

Uncertain. Observers 1 , 3, and 4 seemed to show better

agreement with respective mean scores of 4.8, 3*6 and 

4.2. (Table 1 )

Panoramics:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

0.01) . Mean scores ranged from 1.5 for Observer 2 to

5-2 for Observer 4, again representing responses from No

to Uncertain. Observers 1, 3, and 4 seemed to show

agreement with respective mean scores of 4*8, 4.9, and 

5-2, representing responses particularly Uncertain.

(Table 2)

Tomograms:

When viewed as a group, statistically significant
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difference was seen among the four observers (ANOVA, p < 

Mean scores ranged with a relatively uniform 

spread from 1.7 for Observer 2 to 4-9 for Observer 1, 

representing scores from No to Uncertain. (Table 3) 

Intraobserver Agreement

0.01 ) .

Panoramics:

No statistically significant difference from observation 

1 to observation 2 was seen for any of the four 

observers. (Paired T-test, p < 0.01). (Table 4)

Tomograms:

Three of the four observers showed no statistically 

significant difference from observation 1 to observation

2 while one, Observer 2, showed a statistically 

significant difference (Paired T-test, p < 0.01) from a 

mean score of 2.7 for the first observation to a

definite No response of 0.6 for the second observation. 

(Table 5)

6. DO YOU SEE ANY DEVELOPMENTAL ABNORMALITIES?

Interobserver Agreement

Panoramics and tomograms together:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

0.01). Mean scores ranged from 0.6 for Observer 1 to 4*9 

for Observer 4, representing responses from definite No 

to Uncertain. Observers 1 and 4 seemed to show

agreement with mean scores of 4*7 and 4*9 respectively.
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Interestingly, Observer 4 marked this question Uncertain 

for every radiograph on the second observation. (Table

1 )

Panoramics:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

Mean scores ranged from 0.6 for Observer 2 to 

5*0 for Observer 4 again representing responses from 

definite No to Uncertain.

0.01) .

Observers 1 and 4 seemed to

show agreement with respective mean scores of 4*9 and 

5.0 although Observer 1 showed a complete range of 

responses for both observations of 0 to 10, while 

Observer 4 marked only Uncertain, or a score of 5, for 

every radiograph on the second observation. (Table 2) 

Tomograms:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

0.01 ) . Mean scores ranged from 0.7 for Observer 2 to 

4-9 for Observer 4, representing responses from definite

No to Uncertain. Observers 1, 5, and 4, and in

particular Observers 1 and 4, seemed to show better

agreement with respective mean scores of 4*5, 3*7 and

4-9. Again, while the other observers marked a complete 

range of responses from No to Yes for both observations,

Observer 4 marked only Uncertain, or a score of 5, for 

all radiographs on the second observation. (Table 5) 

Intraobserver Agreement
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Panoramics:

Three of the four observers showed no statistically 

significant difference from observation 1 to observation

2 while one, Observer 3 showed a statistically 

significant difference (Paired T-test, p < 0.01) with 

mean scores moving in the No direction from 4.3 for the 

first observation to 3*2 for the second observation.

(Table 4)

Tomograms:

Three of the four observers showed no statistically 

significant difference from observation 1 to observation

2 while one, Observer 2, showed a statistically 

significant difference (Paired T-test, p < 0.01) with 

mean scores becoming more definite in the No direction 

from 1 .2 for the first observation to 0.3 for the second 

observation. (Table 5)

7- IS THE JOINT SYMPTOMATIC?

Interobserver Agreement

Panoramics and tomograms together:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p <

0.01) . Mean scores ranged with a relatively uniformly 

from 4*7 for Observer 4 to 6.2 for Observer 2,

representing of what would appear to be resonses from 

approximately Uncertain to slightly Yes. Interestingly, 

Observer 2 showed a range of actual responses of only
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Uncertain to Yes, or scores from 5 to 10, for all 

radiographs on the second observation. (Table 1)

Panoramics:

When viewed as a group, statistically significant 

difference was seen among the four observers (MOVA, p < 

0.01) . Mean scores again ranged with a rather uniform 

spread from 5*0 for Observer 1 to 6.1 for Observer 2, 

also representing responses from Uncertain to slightly 

For this question, Observer 2 showed a range of 

actual scores of only 5 to 10, representing responses 

from Uncertain to Yes, for the panoramics alone on the 

second observation. (Table 2)

Yes .

Tomograms:

When viewed as a group, statistically significant 

difference was seen among the four observers (MOVA, p < 

The mean scores ranged from 4*2 for Observer 4 

to 6.4 for Observer 2 representing responses from 

slightly No to slightly Yes, with Observers 1 and 0 most

0.01) .

closely agreeing with respective mean scores of 5*1 and

5-4 representing Uncertain responses. As with the

panoramics, for this question, Observer 2 showed a range 

of actual scores of only 5 to 10, representing responses 

from Uncertain to Yes, for the tomograms alone on the 

second observation. (Table 3)

Intraobserver Agreement

Panoramics:

Three of the four observers showed no statistically
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significant difference from observation 1 to observation 

2 while one, Observer 2, showed a statistically 

signigicant difference (Paired T-test, p < 0.01) with a 

mean score of 5*4 for the first observation verses 6.7 

for the second observation displaying a trend away from 

Uncertain in the Yes direction. (Table 4)

Three of the four observers showed no statistically 

significant difference from observation 1 to observation 

2 while one, Observer 1, showed a statistically 

significant difference (Paired T-test, p < 0.01) with a 

mean score of 5*9 for the first observation verses 4*8 

for the second observation, basically remaining in the 

Uncertain area but moving slightly in the Yes direction. 

(Table 5)

8. IP THIS JOINT WAS ASYMPTOMATIC, WOULD FINDINGS ON THIS

X-RAY ALTER YOUR TREATMENT IN ANY WAY?

Interobserver Agreement

Panoramics and tomograms together:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

Mean scores ranged from 2.6 for Observer 3 to 

4-4 for Observer 2, representing of what would appear to 

be a general clinical agreement of No to Uncertain. 

Observers 1 , and 4 seemed to show closer agreement, 

particularly Observers 1 and 4, with respective mean

0.01 ) .

scores of 3.1, 2.6, and 3-0. (Table 1)
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Panoramics:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

Mean scores ranged from 2.0 for Observer 1 to 

3*6 for Observer 2, also representing of what would 

appear to be a general clinical agreement of No to 

Observers 1 , and 4 seemed to show closer 

agreement, particularly Observers 1 and 4, with 

respective mean scores of 2.0, 2.7, and 2.2. (Table 2) 

Tomograms:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

0.01). The mean scores ranged rather uniformly from 2.5 

for Observer 3 to 5*3 tor Observer 2 representing 

responses in the No to Uncertain region. (Table 3) 

Intraobserver Agreement 

Panoramics:

0.01 ) .

Uncertain.

Two of the four observers showed no statistically

significant difference from observation 1 to observation

2 while two, Observers 1 and 2, showed a statistically 

significant difference (Paired T-test, p < 0.01 ) . While

Observer 1 moved in the No direction with a change in

mean scores from observation 1 to observation 2 of 3*4

to 0.7, Observer 2 moved in the Yes direction, from No

to Uncertain, with a change in mean scores from 

observation 1 to observation 2 of 1.7 to 5*5* (Table 4) 

Tomograms:
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Three of the four observers showed no statistically 

significant difference from observation 1 to observation

2 while one, Observer 2, showed a statistically 

significant difference (Paired T-test, p < 0.01) with a

mean score of 7*1 for the first observation verses 3*5

for the second observation, showing a change in the No 

direction. (Table 5)

IP THIS JOINT WAS SYMPTOMATIC (CLICKING, PAIN, ETC.),9.

WOULD FINDINGS ON THIS X-RAY ALTER YOUR TREATMENT IN ANY WAY?

Interobserver Agreement

Panoramics and tomograms together:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

0.01) . Mean scores ranged from 2.5 for Observer 4 to

5*4 for Observer 2, representing a range of responses in

the No to Uncertain region. Observers 1 and 2 seem to

show closer agreement in the Uncertain area with mean 

scores of 4*6 and 5*4 respectively, while Observers 3

and 4 seem to show closer agreement in the No directon 

with respective scores of 2.9 and 2.5. (Table 1)

Panoramics:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p <

0.01) . Mean scores ranged from 2-3 for Observers 1 and

4 to 4*3 for Observer 2, representing responses for the 

most part in the No region. Closer agreement was seen
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among Observers 1 , 3, & 4 with mean scores of 2.3, 2.8, 
and 2.3, respectively. (Table 2)

Tomograms:

When viewed as a group, statistically significant 

difference was seen among the four observers (ANOVA, p < 

Mean scores ranged from 2.5 for Observer 4 to 

6.9 for Observer 1 , representing a range of responses 

from No to Yes.

0.01).

Observers 1 and 2 seemed to show closer

agreement in the Yes region with respective scores of 

6.9 and 6.5, while Observers 3 and 4 seemed to show

closer agreement in the No region with respective scores 

of 2.9 and 2.5* (Table 3)

Intraobserver Agreement

Panoramics:

Two of the four observers showed no statistically 

significant difference from observation 1 to observation

2 while the other two, Observers 1 and 2, showed a 

statistically significant difference (Paired T-test, p <

0.01 ) . While Observer 1 moved in the No direction with

a change in mean scores from observation 1 to

observation 2 of 3*8 to 0.8, Observer 2 moved strongly

in the Yes direction, from No to Yes, with a change in

mean scores from observation 1 to observation 2 of 1 .8

to 6.8. (Table 4)

Tomograms:

Three of the four observers showed no statistically 

significant difference from observation 1 to observation
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2 while one, Observer 2, showed a statistically 

significant difference (Paired T-test, p < 0.01) with a 

mean score of 8.9 for the first observation verses 4.2 

for the second observation representing a strong shift 

from Yes to Uncertain/slightly No. (Table 5)

SUMMARY OF RESULTS

Statistically significant interobserver difference (ANOVA, p 

< 0.01 ) was seen for the observers on all questions for panoramics 

and tomograms together, and all questions except question number 4 

regarding condylar pathology for the panoramics and tomograms 

separately. A much greater trend for intraobserver agreement was 

seen for both panoramics and tomograms with statistically 

significant difference (Paired T-test, p < 0.01) being seen on

relatively few questions for either radiograph, varying from no 

difference on any of the questions regarding tomograms for 

Observer 3 to statistically significant difference on 6 questions 

regarding tomograms for Observer 2.
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DISCUSSION
Increased public awareness of temporomandibular joint 

problems and demand for treatment has resulted in a significant

increase in TMJ procedures being done nationally as well as
1 ,2internalionally by both the medical and dental professions, 

including orthodontists who have shown professional concern by 

taking pretreatment lateral tomograms of the TMJ in order to 

assess pathology, condylar position, etc.

While lateral tomography has been demonstrated to be 

superior to other radiographic techniques (transcranial, 

panoramic, and transmaxillary projections) for assessment of

condylar position and disclosure of structural changes in hard 

12-17tissue, it has been shown in various studies that observer

variation in assessment of radiographs is routinely quite high.

observed that the assessment of commonly 

used radiographic signs of temporomandibular joint lesions 

using oblique lateral, axial, and transmax illary projections, 

varies substantially when made on different occasions by one 

single observer, and that despite preceeding training, 

observers still differ substantially in their interpretation of 

changes in radiographs of the temporomandibular joints. 

Liedberg, et al

variation in radiographic assessment of condylar position using 

transcranial projections and corrected lateral tomograms must

39Kopp and Rockier

40 concluded that both inter- and intraobserver

always be expected to a certain extent, even if the radiographs 

are obtained by standardized procedures. They also pointed out 

that this weakness in interpretation must be added to the

30
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limitation of radiographic techniques in correctly depicting 

the condylar position. Various endodontic studies 

also shown a high percentage of observer disagreement. Studies

35-38 have

such as these seem to pose the question that if these

radiographs cannot be read with a good degree of reliability, 

how valuable are they in actually influencing future treatment.

It was with this in mind that this study was undertaken.

The objective of this study was to assess whether 

orthodontists, using panoramics or corrected tomograms, could 

consistently agree with each other, and themselves, on findings

dealing with joint pathology, developmental abnormalities, and

condylar position, and whether or not these findings would 

alter orthodontic treatment plans.

The results of this study seem to support the literature

documenting lack of observer agreement with regards to

evaluation of radiographs. In panoramic films and lateral

tomograms, the interobserver variation was substantial. When

panoramics and tomograms were analyzed together, no 

interobserver agreement for the group as a whole was seen 

(Analysis of Variance, p < 0.01). When panoramics were

analyzed alone, the observers agreed as a group on only one

question, that is question number 4, "Do you see any condylar

pathology?” with corresponding mean responses of Uncertain 

(MOVA, p < 0.01 ) . 

question when tomograms alone were analyzed (ANOVA, p < 0.01). 

It should be noted however, that although statistically the

Similar results were seen for the same

panoramics and tomograms faired the same, a trend was seen for
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more agreement with the tomograms.

As with other studies regarding observer agreement,

reduction in the number of observers may have resulted in 

better agreement. In many instances, two or three of the 

observers showed near agreement while an outlyer altered the 

However, with 9 questions, enough diversity was 

seen that no one observer could be identified as being the 

predominant outlyer.

final results.

So while selective reduction of the

number of observers might have improved agreement for specific 

questions, removing any one observer from the entire study 

would have produced an only questionable increase in the amount 

of interobserver agreement for the study as a whole.

Intraobserver agreement was much better. For panoramics 

one observer, number 4, showed a statistically significant

difference with himself from the first observation to the

second observation (Paired T-test, p < 0.01) on only one 

question (Paired T-test, p , 0.01), question 4, regarding the 

presence of condylar pathology, 

seemed small.

Clinically this difference

Another observer, number 3, statistically 

disagreed with himself on only two questions, question 4

regarding the presence of condylar pathology, and question 6 

regarding the presence of developmental abnormalities. Again

the differences seemed small in a clinical context. Observer

2, showed disagreement on three questions, 7, 8 and 9, and 

Observer 1 , on four questions, 1 , 8 and 9, both with varying 

amounts of difference.

For tomograms, intraobserver agreement (Paired T-test, p <
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0.01) was even better for three of the four observers. 

Observer 3 showed no statistically significant difference with 

himself on any of the questions and Observers 1 and 4 disagreed 

with themselves on only one question each, 

disagreed with himself on question 7 regarding whether or not 

the joint was symptomatic, and Observer 4 on question 3 about 

whether the condylar position was within normal limits.

Observer 1

In

both instances the differences seemed small in a clinical

context. Somewhat puzzling was the fact that Observer 2

disagreed with himself on six out of the nine questions,

showing no statistical difference on only three questions; 

question 2 regarding vertical condylar position, question 3 

regarding condylar position within normal limits, and question

7 regarding whether or not the joint was symptomatic. It

appeared that he became more committed to a yes or no answer on

the second observation moving in a direction away from 

Uncertain in every instance with regards to position and 

pathology, etc. Interestingly, on both questions regarding 

whether or not findings on the tomograms would alter treatment,

a shift was seen from Yes to No. Whether or not this reflected

a difference in what was seen on the tomograms or a shift in

his approach to the study following the first observation is

not known.

The results of this study, showing such a lack of

interobserver agreement, seem to question the degree of impact 

that corrected tomograms and panoramics have on proposed

These findings seem to in generalorthodontic treatment.
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reflect the position being taken by many orthodontists as of 

late, including the observers in varying degrees, 

orthodontist who was asked to participate in this study 

declined, stating that there is too much normal radiographic 

variation from patient to patient to significantlly alter 

treatment, and that his treatment was for the most part, based 

upon clinical findings. Quantrill and Lewis'^ stated that the 

interpretation of radiographs is difficult because of the wide 

variation in the normal anatomy as well as in the width of the 

normal joint space, and that there is also considerable

One

asymmetry and variation in the broad functional range of normal 

They go on to warn that one must guard against 

tailoring the radiographic evidence to fit the clinical

joints.

symptoms.

The radiographic variation in a "normal" population has
41been shown, particularly for condylar position, by Larheim 

who stated that because of the high prevalence of asymmetric 

joint spaces, great care should be taken when using narrowing 

or widening of the joint space as a diagnostic criterion in 

children with juvenile rheumatoid arthritis. 42Pullinger et al

concluded that since all condylar positions were found in their 

functionally normal population, a diagnosis of dysfunction

cannot be based solely on radiographic observation of 

nonconcentric condyle-fossa relationships.

In retrospect, this study would have been improved with 

the addition of more radiographs, 

that while every attempt was made to utilize quality

It should be pointed out
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radiographs, standardization of the films was not attempted. 

Both panoramics as well as tomograms were taken in more than 

one place with both linear and polycycloidal tomograms being 

used in the study.

Also, the use of categorical responses, allowing observers 

to make choices from specific categories such as ’’Definite No’’, 

’’Uncertain Wo”, ’’Uncertain Yes”, ’’Definite Yes”, etc., and 

percentage statistics would have made comparison with other 

studies regarding observer agreement more meaningful, 

statistics such as Analysis of Variance and Paired T-test 

required far fewer radiographs but permitted less ’’error” or 

difference on the part of the observers, 

statistics were valid, this should be realized when applying 

the results in a clinical context.

Use of

Although the

After considering the lack of interobserver agreement seen 

in this study, one might question the need for corrected 

tomograms, especially if only one slice is to be observed. As
31 32pointed out by Carlsson and Myers et al the thyroid is

positioned higher and considered more radiosensitive in

children than adults. The conventionally collimated 

submento-vertex radiograph used to determine condylar 

angulation and depth of the cut at which a corrected tomogram 

is taken imparts a thyroid absorbed dose of approximately 15

may. This represents a thyroid absorbed dose 750 times that of
34a single tomographic slice at .02 mUy . Logic seems to

on
dismiss the statement made by Beckwith et al that use of the 

submento-vertex radiograph for tomographic correction reduces
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radiation exposure to the patient by eliminating the "shotgun” 

approach in which several radiographs at different depth of cut 

settings are taken to obtain a clinically acceptable 

laminagraph. By eliminating the submento-vertex radiograph and 

using average measurements for selection of tomographic slices, 

an increased amount of information could be gained by taking 

multiple slices rather than a single slice of each joint, while 

still reducing radiation to the thyroid. Such an approach 

needs to be evaluated as a possible alternative to corrected 

tomograms prior to orthodontic treatment. Further refinement 

of present radiographic techniques and/or development of new 

ones that would increase the amount of useable information

available to the orthodontist, while decreasing cost and 

radiation to the patient may offer other alternatives.

While orthodontists will continue to take pretreatment

corrected tomograms for medico-legal reasons, whether it be to 

document presence or lack of TMJ pathology or to conform to an

accepted standard of care, the practice requires careful study.

Since good intraobserver agreement by orthodontists has 

been shown, one might assume that with similar advanced

education with regards to radiographic evaluation and 

diagnosis, increased interobserver agreement may be possible.

Avenues for such education should be explored. Standardization

of such education could be initiated first at the orthodontic

faculty level so that orthodontic students could be similarily

educated.

The orthodontic profession should be applauded for its



37
concern and efforts regarding diagnosis and treatment of 

temporomandibular joint disorders. However, constant 

evaluation and reevaluation of present techniques, including 

the use of pretreatment TMJ radiographs, must be performed so 

that the best interest of the patient is firmly maintained.



SUMMARY

The purpose of this study was to determine the consistency

of orthodontists in evaluating lateral tomograms and panoramic 

Lateral tomograms and panoramic films of 60 single 

joints, 30 asymptomatic and 30 symptomatic, were evaluated by 4 

orthodontists on two separate occasions, utilizing

films.

questionnaires requiring information about condylar position, 

condylar and fossa pathology, developmental abnormalities,

possible symptomaticity of the joint, and decisions regarding

the alteration of treatment based upon radiographic evidence.

Statistically, results showed little to no interobserver

agreement, regardless of the type of radiograph used, though a

trend of agreement did exist more predominantly with tomograms.

There was a greater trend for intraobserver agreement than

interobserver agreement on each question.

Because of the demonstrated diversity in observer

assessment of these temporomandibular joint radiographs,

coupled with possible patient risk due to the relatively high

thyroid absorbed dose of radiation received with a

submento-vertex radiograph, the use of corrected tomograms

prior to orthodontic treatment must be questioned, and possible

alternatives should be explored. Such alternatives could

include use of average correction tomograms, refinement of 

present radiographic techniques and/or the development of new

ones, and improved, standardized education so that a maximum

amount of useable information can be obtained with only minimal

risk to the patient.

38
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ORTHODONTIC TMJ TOMOGRAM/PANORAMIC STUDY

Observer ID
X-ray ID

EACH LINE REPRESENTS A RANGE OP REPONSES RELATED TO THE CORRESPONDING QUESTION. 
THEREFORE, A MARK MAY BE MADE ANYVERE ON THE LINE FOR EACH QUESTION.

1 . What is the condylar position? 
(anterior/posterior;

a
Posterior Central Anterior

2. What is the condylar po 
(vertical dimension)

sition?
Superior Central Inferior

3- Is tne condylar 
within normal

position
limits? Definite Uncertain Definite

YesNo

4. Do you see any condylar 
pathology? Definite Uncertain Definite

YesNo

5- Do you see any fossa 
pathology? Definite Uncertain Definite

YesNo

6. Do you see any develop
mental abnormalities? Definite Uncertain Definite

YesNo

7. Do you think this is a 
symptomatic joint? Definite

Yes
Definite Uncertain

No

3. If this joint was asymp
tomatic, would findings 
on this x-ray alter your 
treatment in any way?

Definite
Yes

Definite Uncertain
No

If this joint was symp
tomatic (clicking, pain, 
etc.)j would findings 

this x-ray alter your 
treatment in any way?

9- I
Definite Definite

Yes
Uncertain

No
on

Questionnaire utilized for radiographic study. 
(Response lines reduced for publication)

Attachment 1.
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