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ABSTRACT

The objective of this study is to evaluate the accuracy of panoramic radiographs for diagnosing vertical asymmetry of the 
posterior mandible. The first part of the study used a model to evaluate the reproducibility of this particular panoramic 
machine. The tube traverse did not significantly affect the linear measurements, but the side of the machine where the 
structure was located produced an average of 2.1% variation in the total height of the mandible. In the second part of the 
study, the left-right (%) differences were measured on the panoramics and the laminographs of five skulls with lead markers. 
These differences were compared with the percent difference measured directly on the skull and with each other and 
suggested that the laminograph could be used as the “gold standard”  for measuring posterior vertical mandibular asymmetry. 
The third part of the study evaluated a patient sample (N = 42). The correlation coefficient between the two types of films was 
determined to be 0.92 for total height and 0.39 for condyle height. Using the 6% cutoff reported in the literature, the sensitivity 
of the panoramics to diagnose asymmetry for the total height was determined to be 0.62 and the specificity 1.0. This study 
suggests that the panoramic radiograph can be used to evaluate vertical posterior mandibular asymmetry, but there will be 
some underdiagnosis.
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Internal derangements of the temporomandibular joint (TMJ) and degenerative joint disease (DJD) have been suggested to contribute to 
altered skeletal morphology. A shortening of the ramus, steep mandibular plane angle, and cranial base involvement have all been reported 
to be associated with disk displacement, DJD, and rheumatoid arthritis.1–3 Vertical asymmetries may be observed in the mandible as well 
as the cranial base.4–6 Many studies have reported a relationship between mandibular asymmetry and internal derangement.6–11 

Various radiological modalities have been evaluated for imaging of the TMJ and skeletal structures. Panoramic radiography has been 
suggested for measurement of side-to-side height differences.12–15 If joints are differentially affected, an asymmetry may develop. A few 
studies have used measurements of condylar and total height to define side-to-side differences.16,17 

Panoramic radiography is relatively accessible and provides a bilateral view of the mandible, and vertical measurements can be 
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constructed.18 The question is whether panoramic radiographs can be used to describe side-to-side differences in condyle and ramus 
height. Support for this has come from a series of reports on the panoramic technique.17,19,20 These reports suggested that panoramic 
radiographs yield acceptable results, are noninvasive, have a favorable cost-benefit relationship, and expose subjects to relatively low doses 
of radiation. The shortcomings include distortion and magnification of the mandibular ramus and the condyle. The lateral margin of the 
glenoid fossa and the root of the zygomatic arch may mask the condyle.

Measurements on panoramic radiographs have been called into question because of considerable methodological errors.21 The 
panoramic image is affected by both magnification errors and displacement, leading to distortion.22 The technique is quite sensitive to 
positioning errors because of a relatively narrow image layer, particularly in the anterior region.23,24 Images of structures within the sharply 
depicted plane are free of distortion. Structures outside this plane will appear distorted in the image because of the difference between the 
velocity of the film and the velocity of the projection of the object on the film. Ramstad et al25 felt that quantitative measurements on 
panoramic radiographs should be abandoned.

Still, others feel that standardized positioning of the head and the use of a bite block reduce most of these distortions.17,20 Horizontal 
measurements have been shown to be particularly unreliable because of the nonlinear variation in the magnification at different object 
depths, whereas vertical measurements are relatively reliable.22,26 Therefore, most authors suggest that the reproducibility of vertical and 
angular measurements is acceptable provided the patient's head is positioned properly in the equipment.24,27 Kjellberg et al28 used 
panoramic radiography to evaluate condylar destruction on both sides in a juvenile chronic arthritis and postnormal patients (Class II division 
2). They developed a reliable method to measure and quantify condyle lesions.

The purpose of this study was (1) to evaluate the accuracy of our panoramic machine for detecting differences between right and left 
sides on a Plexiglas model of the mandible (phantom), (2) to evaluate the ability of panoramic and laminagraphic radiographs in detecting 
the asymmetry on a sample of dry skulls where direct measurement could be made, and (3) using the laminagraphs as “gold standard”  to 
evaluate asymmetries on a temperomandibular disorder (TMD) patient sample and, using the 6% cutoff reported in the literature, to test the 
sensitivity and specificity of the panoramic in detecting asymmetry.

MATERIALS AMD METHODS Return to TOC

Part 1: Plexiglas phantom

A phantom was constructed of 8-mm thick Plexiglas and was used to simulate selected anatomical features in one-half of the human 
mandible using average measurements obtained from a sample of adult skulls. Various anatomic structures were marked with 1-mm-
diameter stainless steel ball bearings. The model suitably positioned was capable of representing a right or left side of the mandible. The 
phantom was set up in the panoramic machine using a custom positioner that was representative of an average mandibular position (Figure 
1 ).

Two series of films were taken using the Orthopantomograph OP100 (Instrumentation Corp. Imaging Division, Tuusula, Finland). One 
series used the phantom as the right half of the mandible and the other series as the left half of the mandible (Figure 2 ). Five trials were 
performed on different days and two exposures for the right and left positions with the tube traveling from left to right and then with the tube 
traveling from right to left.

Measurements of the condyle height and the total ramal height on the phantom were compared with the measurements on the 
radiographs. These data were analyzed with a two-tailed t-test. 

Part 2: Skulls

Craniometrical assessment was carried out on five skulls that were subjectively observed as demonstrating asymmetry. Measurements 
of the condyle and ramus areas on the different size and shape skulls were performed using a caliper. Lead markers were attached to the 
skulls on anatomic points representing: (1) Cd (the highest point of the condyle), (2) Go (anthropometric gonion), and (3) Sg (the deepest 
point of the sigmoid notch) to assure easy identification of these points on the radiographs. The skulls were placed in both the panoramic 
machine (using a custom-made positioner) and laminagraphic (Quint Sectograph) (linear) tomogram machine (using the ear rods). They 
were positioned using the guidelines for patients specified by the manufacturers. The films were exposed using machine settings 
determined by the investigators to obtain good quality radiographs of the dry skulls.

Measurements of the total and the condylar height were performed directly on the skulls and the radiographs (Figure 3 ). Asymmetry 
between right (R) and left (L) vertical measurements was then calculated with the formula: 



These data were subjected to statistical analysis using a multiple regression.

This determined the validity of the panoramic radiograph for performing linear measurements and detecting asymmetries on different 
sizes and shapes of skulls. It also evaluated the laminagraphs as the potential gold standard in the patient study.

Part 3: Patient sample

This part of the study compared panoramic radiographs with full-profile laminagraphs in 42 TMD patients. 

The panoramic radiograph and full-profile laminagraphs were traced and digitized (Houston Instruments Hi Pad Digitizer, England). The 
center cut laminagraph was selected for measurement. The following lines and points were identified (Figure 3 ): (1) a line tangent to the 
most prominent points of the inferior border mandible, (2) a tangent along the posterior margin of the ascending ramus, and (3) a line 
perpendicular to the posterior margin tangent extending to the most superior outline of the condyle. Total ramal and condylar heights were 
identified in similar manner on the laminagraphs and the panoramic radiographs as shown in the Figure 3 . The mean, standard 
deviation, and percent difference for (1) total height and (2) condylar height were calculated to evaluate side-to-side differences. 

Determination of operator error in interpretation, tracing, and measurement of the patient radiographs was performed by evaluating the 
differences in measurements on five tracings of five radiographs of each type (panoramic and laminagraph). These were then subjected to a 
multiple regression analysis to determine an “intraclass correlation estimate.”  The intraclass correlation analysis revealed values of R to be 
0.94 and 0.95 for the measurement of the total ramal height on the panoramics and the laminagraphs, respectively. The intraclass 
correlation for the condyle height measurement was very low (0.52 for the panoramic and 0.52 for the laminagraph).
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Part 1: Plexiglas phantom

The traverse of the machine was tested using the phantom. Two series of films were performed, one using the phantom as the right half 
and one as the left half of the mandible. When the model was positioned on the left side, the mean condylar height measurement and the 
mean total height measurement was measured for the L-R and the R-L traverse. Paired t-test (two-tailed) suggested that these differences 
were not significant (P > .05). The same was found when the model was positioned in the right side as the paired t-test (two-tailed) for 
analysis. These differences were not significant (P > .05).

However, when the R-L and L-R traverses were pooled together and the means of the condylar and the total height for the right side vs 
the left were subjected to the paired t-test (two-tailed) for statistical analysis, the differences were significant (P < .05). The clinically 
significant difference for total height was found to be a 2.1% difference between the two sides.

Part 2: Skulls

The multiple regression analysis for the five skulls demonstrated high correlation between the measurements on the skulls and the 
radiographs, which was always more than 0.95 (Table 1 ). The regression for the comparison of the actual measurements on the skulls 
with those on the laminagraphs was 0.99 and supported the use of the laminagraphs as the gold standard in the patient study. 

Part 3: Patient sample

The asymmetry measured on the panoramic radiograph and that measured on the laminagraphs taken from the patients had a correlation 
of 0.92 for total height and 0.39 for condyle height (Table 2 ). The mean disagreement (the mean of the difference percent of measured 
asymmetry) between the panoramic and the laminagraph for the total height asymmetry was 2.23% and for condyle height was 11.9%. 
There was never more than 6% disagreement for total height between the panoramic radiograph and laminagraphic measurements. 

Using the laminagraph as the gold standard and a 6% cutoff17 as an indication of potential asymmetry, a 2 × 2 table was constructed 
(Table 3 ) to evaluate the sensitivity and specificity of the two tests. The sensitivity and specificity of the diagnostic tests were 0.62 and 
1.0, respectively. Therefore, a panoramic radiograph will not overestimate the asymmetry in this patient population if we use 6% as our 
cutoff for true asymmetry. There were no false-positive examinations with the panoramic radiograph. 

DISCUSSION Return to TOC

The purpose of this study was to evaluate the potential of panoramic radiographs to determine vertical asymmetry between the right and 
left side in the mandible. Measurements of the total height on the phantom were compared with the measurements on the radiographs. The 
consistency of the measurements for those structures was determined comparing the different tube traverses and the phantom placed on 
the left vs the right side. This produced good reproducibility for the panoramic machine for repeated positioning and exposures with different 



tube travel. The tube travel appeared to be negligible on this machine. However, the side that the phantom was positioned was not 
negligible. There was a 1.45-mm difference between right and left side for total height, which was calculated to be a 2.1% difference 
between the two sides. Thus, it appears that there is an average inherent error in the machine of 2.1% for total height.

The skull specimens allowed a direct measure of the object being radiographed. The most accurate method to measure the skulls is to 
use lead markers because they can easily be identified on the radiographs. The panoramic and the laminagraph were both good, but the 
laminagraph was better when compared with the actual specimen (skull), and the correlation coefficient was equal (R = 0.99) for total height 
and condylar height. The validity of the laminographs as the gold standard was investigated. The results of the skull portion support the 
laminograph as the radiographic gold standard because we cannot compare the panoramic with the actual subject in live patients. 

Measurements from the panoramic films were compared with the laminographic films for the worst-case scenario for potential error in the 
measurements. The inherent error in the machine and operator error must be considered. Both intra- and interoperator error may be present 
in positioning and exposing the radiographs, as well as intraoperator error in the tracing and the measurements.

In the patient part of the study, there was a very low correlation between panoramic and laminograph radiographs for the condyle height 
asymmetry (R = 0.39), suggesting that the panoramic radiograph should be questioned for this measurement. This is probably because of 
the small dimension of the measurement and operator error in tracing and identification of landmarks. This agrees with the findings of Turp 
et al,29 who evaluated condyle height and found the correlation to be very low when using Bezuur's 6% cutoff for asymmetry. The total 
height measurement was more encouraging with R = 0.92. This supports the use of the panoramic radiograph for evaluation of total ramal 
height asymmetry.20 

In the patient sample, the mean disagreement between the panoramics and the laminographs for total height was 2.23% and compares 
well with the first part of the study that found the inherent machine error of 2.1%. However, it cannot be deduced that these two numbers 
represent the same error. The maximum disagreement for the total ramal height was 5.38%, similar to the 6% cutoff that Habets et al20 
calculated as reasonable for the panoramic radiograph.

In investigating morphologic effects of temporomandibular dysfunction, Habets et al17,20 and Bezuur et al19 found that vertical differences 
between the left and right sides were less than 6% if positions were altered less than 10 mm from their original centered position (using an 
experimental model resembling a human mandible). They concluded that observed condylar asymmetry within a 6% difference might, 
therefore, be because of technical failures. They also reported that a significant difference between controls and patients treated for 
craniomandibular disorders was found in condylar height symmetry. We decided from previous observations in this study that the use of a 
6% cutoff proposed by Bezuur et al19 was acceptable for comparing right with left differences. 

The panoramic radiograph was found to have a sensitivity of 0.62 (high false negative) in detecting asymmetry in patients after the 6% 
cutoff factor and using the laminographs as the gold standard. This would indicate that when using 6% as a cutoff for asymmetry, the 
panoramic radiograph would underdiagnose asymmetry compared with the laminographic radiograph. The specificity of the panoramic 
radiograph was 1.0 (no false positive). This meant that none of the panoramic radiographs indicated greater than 6% asymmetry if the 
laminograph radiographs indicated less than 6% asymmetry. Therefore, when using the panoramic radiograph to detect mandibular total 
ramal height differences, one can confidently state that there is a true asymmetry if indicated on the panoramic using the 6% cutoff. If one 
accepts the laminograph radiographs as the gold standard, the panoramic radiograph is reasonable for detecting asymmetries of total ramal 
height.
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● Condylar height was unreliable when determining asymmetry from the panoramic radiograph.

● Total ramal height could be used in determining asymmetry from the panoramic radiograph, but it must be realized that it would 
generally underdiagnose asymmetry.

● Some patients with a less than 6% difference between the left and right sides might not be diagnosed with panoramic radiograph. 
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TABLE 1. Multiple Regression Analysis Comparing Actual vs Ra diographic Measurements on the Phantom. All the Correlation Esti 
mates Were Significant (P < .05) 

TABLE 2. Multiple Regression Analysis Comparing Panorex With Laminagraphic Measurements in the Patient Sample 

TABLE 3. In the Patient Sample: Using the Laminagraph as the Gold Standard and the 6% Cutoff the Sensitivity and Specificity of the 
Two Diagnostic Tests Were 0.62 and 1.0, Respectively 
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FIGURE 1. The phantom was set up in the panoramic machine using a custom positioner that was representative of an average 
mandibular position in the machine 

Click on thumbnail for full-sized image. 

FIGURE 2. Two films taken on the panoramic machine, one using the phantom as the right and the other as the left half of the mandible  

Click on thumbnail for full-sized image. 

FIGURE 3. The panoramic and laminagraphic films were traced, and the lines shown were used to measure the condylar and the total 
ramal height 
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