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Abstract
Background. The method of using panoramic radiographic images to obtain numerical data on the con-
dylar guidance angle has been described in the literature.

Objectives. The aim of the study was to verify the reproducibility of this technique.

Material and methods. One panoramic radiographic image was randomly chosen from a group of 191 
images. The digital image was converted to analog and printed. The study involved 21 dentists, who posi-
tioned 4 dots on each side of the image (the orbitale and the porion, as well as the most superior and the 
most inferior points of the jaw’s articular surface). The points on each side were connected with 2 lines, 
A and B. To evaluate the accuracy of the lines, the equation of the straight lines was calculated and their 
slopes compared. The condylar guidance angle between the lines was calculated.

Results. The spread of the results for the condylar guidance angle on the right side was 30 degrees; on the 
left side it was more than 40 degrees. The SD for the slope of line A was 0.01 on both sides. The slope of 
line B varied from 0.25 to 0.34.

Conclusions. The use of panoramic images to obtain the condylar guidance angle is not recommended 
in clinical use. 
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The definition of condylar guidance that appears in The 
Glossary of Prosthodontic Terms has two parts.1 The first 
is anatomical, and is expressed in terms of the glenoid fos-
sae, which are bone parts of the skull. The second part 
focuses on the mechanical relationship between the parts 
of the articulator. This clearly shows the application of 
clinical data to prosthetic laboratory procedures with the 
aim of duplicating jaw function and the occlusal relation-
ship of the teeth.

Different clinical procedures have been used to obtain 
the numerical data for individual condylar guidance val-
ues. Some of these require intraoral wax records or ex-
traoral measurements using pantographic equipment.2–8 
The study by Gilboa et al. introduced the method of using 
panoramic images in a clinical setting to provide the ana-
tomical incline of the auricular eminence.9 This method 
generated much interest and was encouraged on account 
of its simplicity and availability. Panoramic images are 
among the most frequently made radiographic exami-
nations before the treatment is planned.10–12 Using this 
method, Gilboa et al. obtained a mean difference in the 
inclination of the condylar guidance angle of 7 degrees.13 
In the molar area, such a discrepancy could lead to a dif-
ference in position of the mandible of 0.25 to 0.5 mm. The 
pilot study of Tannamala et al. compared the condylar 
angles set in the semi-adjustable articulator using an in-
traoral protrusive record to those from the panoramic ra-
diographic image, and showed that the method is a simple 
and easy way to program the articulators and is capable of 
producing clinically acceptable restorations.14 The study 
was performed on a group of 10 patients who were free 
of the signs and symptoms of temporomandibular disor-
ders, and who also possessed intact dentition. The study 
involved different individuals, with specific anatomy, and 
each image was examined only once; the condylar angles 
were compared, with results being received after intraoral 
registration. The results for the condylar angles vary with 
the patients’ sides and the methods of calculation. Some 
results were greater on both sides in the radiographic 
method, some were greater on one side, and some were 
smaller. The reproducibility of the radiographic method 
was not evaluated here, and the authors suggested that 
further studies should be carried out. We conducted 
a study to evaluate the reproducibility of that method in 
a group of final-year dental students. Using the described 
method, these students analyzed a single radiographic 
image.9 The results proved inadequate from the clinical 
point of view.15 To verify the method in the group of more 
experienced dental practitioners, the present study was 
implemented.

The aim of the study was to compare the condylar guid-
ance angles obtained by different dentists from the same 
panoramic radiographic image, and to investigate the 
problems of the method where discrepancies were found 
in the results.

Material and methods
One panoramic radiographic image was randomly 

chosen from a group of 191 images produced during ex-
aminations of volunteers who had participated in a larger 
research project. These volunteers were free of the signs 
and symptoms of temporomandibular disorders, as deter-
mined by the Polish version of the Research Diagnostic 
Criteria for Temporomandibular Disorders (RDC/TMD) 
questionnaire; they also possessed intact dentition.16,17 

All the participants expressed their unforced consent to 
participate in the study and signed the appropriate state-
ment. The examination was performed in accordance 
with the Declaration of Helsinki and Good Clinical Prac-
tice (GCP). The consent of the Bioethics Committee of 
the Jagiellonian University, Kraków, Poland, was obtained 
(number KBET/89/B/2009).

The panoramic radiographic image was taken with 
the Frankfurt horizontal plane parallel to the floor of the 
mouth; a cephalostat was used to align the head in that 
position, as in Tannamala et al.14 The radiograph was 
made using a ProMax® radiographic unit (Planmeca, 
Helsinki, Finland 2005) at 74 kVp and 10 mA.9,14

The method was the same as that described previously 
by Loster et al.15 The chosen digital image was converted 
to analog and printed on A4 size (ISO 216) paper using 
an Epson Stylus Photo 1400 (Seiko Epson Corporation,  
Japan, 2007) inkjet printer; the resolution used was 2880  
× 1440 dots per inch. One copy was provided to each of 
the participants, who were recruited from the Prosth-
odontic Department of the Jagiellonian University. All 
the departmental members gave their verbal voluntary 
consent to participate in the study. The prosthodontists 
(SP), trainees (T), and general dental practitioners (GDP) 
who contributed to the study were asked to place dots in 
4 places on both sides of the printed standardized pan-
oramic radiographic image. Prior to this, definitions of 
the expected points (the orbitale and porion) were pre-
sented to the participants. Afterwards, an image from 
Gilboa et al. was presented to illustrate the differences be-
tween the position of the zygomatic arch and the auricu-
lar eminence on the panoramic radiographic image.9 The 
participants were then asked to mark the most superior 
point of the mandibular fossa and the most inferior point 
of the curvature of the articular tubercle, following the 
procedure of Tannamala et al.14 The study was conduct-
ed simultaneously with all participants. The annotated 
photographs were numbered and scanned (Digital Photo 
Scanner Epson Perfection V370 Photo, Seiko Epson Cor-
poration, Japan, 2012) to produce a digital image. A scan-
ning resolution of 1440 dots per inch was used. The co-
ordinates of the measuring points were then determined. 
The zero (0.00) point was set to the left-upper corner of 
each image. Using Adobe Photoshop CS2, the orbitale 
O(XO, YO) and porion P(XP, YP) points were connected 
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by a line marked A to the Frankfurt horizontal plane. The 
most superior point, W(XW, YW), and the most inferior 
point, N(XN, YN), of the curvatures were connected with 
the mean curvature line (that is, the mean condylar path 
inclination) by line B, following Tannamala et al.14 This 
procedure was carried out on both sides of each image 
(see Fig. 1 for an example). 

To evaluate the accuracy of each line, the equation of 
the line, y = ax + b, was used, with “a” representing the 
slope and “b” the y-intercept. We calculated the slope 
of each line in order to compare the repeatability of the 
points. The points O and P were thus on the same line A, 
and the equations of these lines A can be written as:

YO = aOP XO + bOP  and  YP = aOP XP + bOP

where the slope of A is:

aOP = (YP – YO)/(XP – XO)

and the slope of B (which passes through points N and W) is:

aWN = (YN – YW)/(XN – XW).

A discrepancy between the slope values would be sig-
nificant for the reproducibility of the pairs of analyzed 
points. 

The condylar guidance angle between the lines A and 
B was calculated using the equation: 

                          tanj =     aOP – aWN

   

1 + aOP × aWN

  

 

and then the angle:

                         j = arctan     aOP – aWN

               

1 + aOP × aWN

  

 

Statistical analysis

All the data was analyzed using Statistica data analysis 
software v. 10 (StatSoft, Inc., 2011; www.statsoft.com). 
Data normality was tested using the Shapiro-Wilk test. 
Homogeneity was tested using Levene’s test. The de-
scriptive statistics and ANOVA test were used, and the 
multiple independent samples were compared using the 
Kruskal-Wallis U-test. The results are shown in the tables 
and charts. The level of statistical significance was set at 
5% (p = 0.05).

Results
Twenty-one dentists participated in the study; of these, 

7 were specialists in prosthodontics (SP), 8 were trainees 
(T), and 6 were general dental practitioners (GDP). The 
marks from 1 trainee were excluded from the analysis due 
to outlying results. The average value, median, standard 
deviation, minimum, and maximum for the slopes of the 
line A on both sides are presented in Tables 1 and 2. In 
Tables 3 and 4, the same data is shown for the slopes of 
line B. The slope values for both lines and for both sides 
did not significantly differ between the groups of par-
ticipants. The dispersion in the slopes of lines A and B, 
separately on both sides, is graphically presented for all 
participants in Fig. 2. The minimum and maximum values 
of the condylar guidance angle determined by each group 
of participants are presented in Fig. 3. 

Discussion
The results show that the method developed by Gilboa 

et al.9 of using panoramic images to obtain the condylar 
guidance angle is unacceptable in dental practice. In each 

Fig. 1. Example of a radiographic 
image marked with four dots (in red) 
and connected by lines A and B
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Table 1. Slope of the line A (right side)

Average Median SD Min Max

SP 0.14 0.14 0.02 0.11 0.15

T 0.14 0.14 0.01 0.12 0.16

GDP 0.14 0.14 0.02 0.11 0.16

Mean 0.14 0.14 0.01 0.11 0.16

Kruskal-Wallis  
U-test; p = 0.9349

SP – specialists in prosthodontics; T – trainees; GDP – general dental practitioners; SD – standard deviation.

Table 2. Slope of the line A (left side)

Average Median SD Min Max

SP –0.13 –0.13 0.01 –0.14 –0.11

T –0.14 –0.14 0.01 –0.15 –0.12

GDP –0.13 –0.13 0.01 –0.15 –0.12

Mean –0.13 –0.13 0.01 –0.15 –0.11

Kruskal-Wallis  
U-test; p = 0.3505

SP – specialists in prosthodontics; T – trainees; GDP – general dental practitioners; SD – standard deviation.

Table 3. Slope of the line B (right side)

Average Median SD Min Max

SP 0.84 0.86 0.20 0.58 1.14

T 0.92 0.94 0.13 0.70 1.06

GDP 0.93 0.92 0.40 0.42 1.46

Mean 0.89 0.92 0.25 0.42 1.46

Kruskal-Wallis  
U-test; p = 0.7446

SP – specialists in prosthodontics; T – trainees; GDP – general dental practitioners; SD – standard deviation.

Table 4. Slope of the line B (left side)

Average Median SD Min Max

SP –0.70 –0.85 0.39 –1.25 –0.11

T –0.98 –0.93 0.20 –1.23 –0.65

GDP –0.81 –0.93 0.40 –1.23 –0.08

Mean –0.83 –0.89 0.34 –1.25 –0.08

Kruskal-Wallis  
U-test; p = 0.3735

SP – specialists in prosthodontics; T – trainees; GDP – general dental practitioners; SD – standard deviation.

group of participants in this investigation, the standard 
deviation (SD) of the angular value was above 4 degrees. 
The clinical use of this method would, therefore, seem to 
be not indicated. The spread of the values of the condylar 
guidance angle in the results on the right side was 30 de-
grees, while on the left side it was more than 40 degrees. 
There were no significant statistical differences between 
the groups of dentists. In clinical use, this means that the 

difference in the molar region would be more than 1 mm, 
following Craddock’s results, which showed that a posi-
tive 10 degree change in the condylar guidance angle 
would move the molars 0.5 mm further, while a nega-
tive 10 degree change would bring the mandible 0.5 mm 
closer.13 In Weinberg’s results, a 9-degree decrease in the 
condylar guidance angle resulted in a 0.2 mm reduction 
in the nonworking cusp height.18 Such differences, which 
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were indeed found in this study, may lead to occlusal 
disturbances in prosthetic restorations in an articulator 
 setting.

The cause of this imprecision in the angle value was 
the lack of accuracy in drawing one pair of the examined 
points. After analyzing the slopes of the lines that sub-
tend the condylar guidance angle, it was shown that the 
inaccuracy in the results arose from the nonrepeatable 
designation of the points on line B, presented in Fig. 
1 and explained in Fig. 2. These are the most superior 
and the most inferior points of the curvatures that cre-
ate the jaw’s articular surface, temporal eminence, and 
fossa. These structures are not very visible on the pan-
oramic radiographic image. Even the study by Gilboa et 
al.9 showed the localization of the articular tubercle very 
well, compared to the zygomatic arch; the most superior 

point, located in the mandibular fossa, is not easy to rec-
ognize in the panoramic image. The standard deviation 
in the slope of line A in the present study was 0.01 on 
both sides, which can be compared with the slope of B, 
which varied from 0.25 to 0.34 (Tables 1–4). Very simi-
lar results were presented in our previous investigation, 
where much less experienced final-year dental students 
were included.15

In the research of Prasad et al. the values for the con-
dylar guidance angle obtained from the panoramic image 
were compared with those from the semi-adjustable artic-
ulators by using the protrusive interocclusal records of 69 
patients.19 The average of 2 examiners’ results was taken 
as the condylar guidance angle. These examiners calcu-
lated the angle using the same method described above. 
Interexaminer reliability was very high. The examiners 

Fig. 2. Average value of slopes of lines A and B on both 
sides, all participants. AR: slope of line A on the right side; 
BR: slope of line B on the right side; AL: slope of line A on 
the left side; BL: slope of line B on the left side

Fig. 3. The range of condylar guidance 
angles (minimum and maximum 
values) obtained by each group of 
participants on both sides. Yellow 
line – line A; blue lines: SP condylar 
guidance angle range of values; 
green lines: T condylar guidance 
angle range of values; red lines: GDP 
condylar guidance angle range of 
values; T: trainees; SP: specialists in 
prosthodontics; GDP: general dental 
practitioners
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concluded that this method of calculating the condylar 
guidance angle from a radiographic image may have clini-
cal relevance in setting the condylar guidance settings for 
semi-adjustable articulators. Going by our results, their 
results were too optimistic and it would be interesting to 
see the results of the panoramic radiography evaluated by 
more researchers. 

On the other hand, the average value for the condylar 
guidance angle obtained using the method described here 
was about 30 degrees. It may be that this method would 
be useful for population screening studies. Further inves-
tigations in this field are also recommended. 

On the basis of our results, the use of panoramic images 
in calculating the condylar guidance angle is not recom-
mended in clinical use due to lack of repeatability of its 
results. 
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