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Objectives: This study evaluated the reliability of panoramic radiography in
comparison with lateral cephalometry for angular measurements in different
skeletal classes.

Materials and Methods: In this retrospective study, the gonial angle, the angle
formed between the palatal plane and the Frankfort plane (palatal plane
inclination), and the angle formed between the incisal edge of the upper incisor
and the Frankfort plane (upper incisor vertical index) were measured on
panoramic and lateral cephalometric radiographs of 278 patients in three skeletal
classes. Intraclass correlation coefficient (ICC) was calculated to compare
panoramic and lateral cephalometric radiographs. Paired t-test was used for
comparison of the right- and left-side angles on panoramic radiographs.

Results: The ICCs were 0.941, 0.927, and 0.954 for the gonial angle, 0.650, 0.605, and
0.320 for the palatal plane inclination, and 0.812, 0.810, and 0.758 for the maxillary
incisor vertical index in skeletal Class I, II and III patients, respectively. The ICCs were
all statistically significant (P<0.05) except for the palatal plane inclination in Class III
patients (P>0.05). There was a significant difference in the gonial angle of Class II
patients between the right and left sides (P<0.05). The upper incisor vertical index in
the right and left sides showed significant differences in all three skeletal classes
(P<0.05). The difference between the right and left sides in other angles and skeletal
classes was not statistically significant (P>0.05).

Conclusion: Skeletal class does not affect the reliability of panoramic
radiographs for angular measurements, except for the palatal plane inclination
in Class III patients.
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INTRODUCTION

A detailed and individualized treatment plan is
the cornerstone of orthodontic treatment. To this
end, orthodontists need an accurate database and
diagnosis which are fed by three main sources:
1) interview; 2) clinical examination, and
3) analysis of patient records including
photographs, dental casts, and radiographs [1].
Among the various dental radiographic
modalities, two are commonly used in
orthodontic diagnosis: Lateral cephalometry
and panoramic radiography. Panoramic

radiographs provide a broad, comprehensive
view of the dentition, jaws, and periodontal
structures, and can help assess dental
inclination and stage of development [2-5].

Lateral cephalograms aid in evaluation of
skeletal structures, soft tissues, and dental
relations as well as patients’ growth pattern.
Angular measurements are among the key
parameters in lateral cephalometric analysis,
capturing the patients’ growth pattern,
horizontal and vertical relationships between
different components of the face, dental
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angulation, and rotation of the jaws [6, 7].

To perform a meticulous angular analysis,
orthodontists must identify anatomical
landmarks on lateral cephalograms. Although
lateral cephalograms have been used as a
standard modality for angular and linear
measurements for many years [1, 8], in some
instances, specifically in patients with
asymmetrical faces, superimposition of hard
and soft tissues, especially in the gonial, orbital
and porion regions, makes it difficult to
identify anatomical landmarks on this type of
radiograph [7]. On the other hand,
identification of landmarks on panoramic
radiographs is usually easier and more
accurate due to fewer superimpositions
between the right and left sides.

Although the use of panoramic radiography for
angular measurements would not completely
eliminate the need for lateral cephalometric
analysis, panoramic radiography could be helpful
in situations where the accuracy of such
measurements is doubtful because of
landmark superimpositions.

Although some investigations have compared
panoramic and lateral cephalometric
radiographs in the assessment of angular and
skeletal measurements [7, 9-13], the results of
such studies are conflicting. For instance,
Mattila et al. [7] recommended panoramic
radiographs, whereas Fischer-Brandies et al.
[14] recommended lateral cephalograms for
measuring the gonial angle.

To the best of the authors’ knowledge, of the
studies that compared measurements of the
gonial angle on panoramic and lateral
cephalometric radiographs, only one study
compared this variable among different
skeletal classes [15]. In addition, no study was
found to compare panoramic radiography and
lateral cephalometry in measuring the angles
formed between the Frankfort plane and the
palatal plane, and between the Frankfort plane
and the upper incisor plane.

Therefore, the aim of the current study was to
compare panoramic radiography and lateral
cephalometry in some angular measurements
(the gonial angle, the angle formed between
the Frankfort plane and the palatal plane, and
the angle formed between the Frankfort plane
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and the upper incisor plane) in different
skeletal classes.

MATERIALS AND METHODS

In this retrospective study, panoramic and
lateral cephalometric radiographs of 278
randomly selected patients from the dental
faculty of Tehran University of Medical Sciences
were analyzed. The protocol of the study was
approved by the Ethics Committee of Tehran
University of Medical Sciences
(IR.-TUMS.DENTISTRY.REC.1398.130). All
radiographs were digital and were obtained at
the above-mentioned center using the same
radiographic unit. The time interval between
taking the lateral cephalometric and panoramic
radiographs did not exceed one month.

The quality of the panoramic and lateral
cephalometric radiographs were controlled
using the criteria explained in the literature.
For the panoramic radiographs, clear
identification of the desired landmarks, lack of
distortion, similar magnification between the
right and left sides, and correct adjustment of
the focal trough (by controlling the resolution
and width of the teeth in incisor areas) were
ensured. For the lateral cephalograms, clear
identification of the desired landmarks, lack of
superimposition between the right and left
sides, which would interfere with the desired
landmark identification, good resolution, and
similar magnification between the right and
left sides were ensured [1, 16].

The exclusion criteria were history of severe
jaw or head trauma, severe congenital
anomalies of the jaws or head, severe facial
asymmetries, previous orthognathic surgery
interfering with landmark identification (e.g.
due to the presence of fixating mini-plates),
and radiographs on which the identification of
the desired landmarks was challenging due to
superimpositions or distortions.

All angular measurement data from the
panoramic and cephalometric radiographs
were extracted by a trained operator using
Planmeca Romexis® version 4.5 (Planmeca
Oy, Helsinki, Finland) software.

First, the ANB angle was measured on lateral
cephalograms, and patients were assigned to
3 subgroups accordingly. If the ANB angle
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was between 0 and 4 degrees, the patient
was classified as skeletal Class 1. Values
equal to or greater than 4 degrees were
assigned to skeletal Class Il and values equal
to or less than 0 degrees were assigned to
skeletal Class III group.

The following landmarks were identified
and highlighted on the lateral cephalograms:
-Menton (the most inferior point on the
mandibular symphysis),

-T1 (the most posterior and inferior point on
the posterior margin of the mandibular ramus),
-T2 (the most inferior and posterior point on
the inferior border of the mandibular body),
-Articulare point (intersection point between
the posterior margin of the mandibular ramus
and the inferior border of the cranial base),
-Orbitale (the most inferior point on the orbit),
-Porion (the most superior point of the
external auditory canal),

-Anterior nasal spine (the most anterior point
of the anterior nasal spine),

-Posterior nasal spine (intersection of the
anterior margin of the pterygomaxillary
fissure and inferior margin of the nasal cavity)
-Incision superius incisalis (incisal tip of the
most anterior maxillary central incisor).

The following landmarks were identified and

highlighted on the panoramic radiographs:
-Menton (the most inferior and most lateral
point of the mandibular parasymphysis) on
each side,

-T1 (the most posterior and inferior point on
the posterior border of the mandibular ramus)
on each side,

-T2 (the most inferior and posterior point on
the inferior margin of the mandibular body)
on each side,

-The most prominent point on the posterior margin
of the mandibular condyle on each side,

-Orbitale (the most inferior point on the orbit)
on each side,

-Porion (the most superior point on the external
auditory canal) on each side,

-Anterior nasal spine (the intersection of the lower
left and right edges of the nasal cavity)
-Posterior nasal spine (intersection of the
anterior border of the pterygomaxillary
fissure and the inferior border of the nasal
cavity) on each side,

-Incision superius incisalis (the most incisal and
medial point on the maxillary central tooth on
each side).

The measured lines and planes on the
panoramic and lateral cephalometric
radiographs are shown in Fig 1. The gonial

Fig 1. An example of the lines and planes used for angular measurements on panoramic (Left) and lateral
cephalometric (Right) radiographs of a patient. ANS: Anterior nasal spine; Ar: Articulare; FHP: Frankfort horizontal
plane; Go: Gonial angle; ISI: Incision superius incisalis; Me: Menton; MP: Mandibular plane; Or: Orbitale; PNS:
Posterior nasal spine; Po: Porion; PP: Palatal plane; RP: Ramus plane; U1P: Upper incisor plane.

angle was the angle formed by the intersection
of the mandibular and ramus planes.

The angle formed between the Frankfort and
palatal planes was measured on the
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panoramic and lateral cephalometric
radiographs and was considered as the palatal
plane inclination. The angle formed between
the Frankfort plane and the upper incisor
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plane was measured as the upper incisor
vertical index (U1 vertical index) [17].

On the panoramic radiographs, the palatal plane
inclination, U1 vertical index, and gonial angle
were measured on each side, and the mean value
of the right and left sides was compared with the
measured values on lateral cephalograms.

To evaluate the reliability of the
measurements, the recordings of 30 randomly
selected patients were measured again after 2
weeks by the same examiner.

The intraclass correlation coefficient (ICC)
estimates and their 95% confidence intervals
(CIs) were calculated using SPSS version 25
(SPSS Inc,, IL, USA), based on the mean values,
consistency, and a 2-way mixed-effects model.
This was done to compare analogous angles on
panoramic radiographs and lateral
cephalograms in different skeletal classes and
to evaluate the intra-examiner reliability. The
ICC values of angles in different skeletal
classes were compared using their Cls
according to the Wilson’s method (Wilson’s
score intervals). Paired t-test was also used to
compare the right- and left-side angles on
panoramic radiographs. The ICC values for
each angular measurement were interpreted
according to Portney [18] using the following

criteria: ICC values below 0.5 indicated poor
reliability, values between 0.5 and 0.75
indicated moderate reliability, values between
0.75 and 0.9 indicated good reliability, and
values above 0.90 indicated excellent reliability.
Simple linear regression equations were
calculated to predict cephalometric angular
values from panoramic measurements. The
power of the analysis was set at 0.8 and the
significance threshold(a) at 0.05.

RESULTS

The mean age of patients was 14+6.11 years,
and 64% of the patients were females. Ninety
patients were skeletal Class I with a mean ANB
angle of 2.39+0.97 degrees. One hundred
patients were skeletal Class Il with a mean
ANB angle of 6.05+1.25 degrees, and 88
patients were skeletal Class III with a mean
ANB angle of -2.06+2.32 degrees. Table 1
shows the mean values and ICCs of angular
measurements made on lateral cephalograms
and panoramic radiographs in different
skeletal classes.

The ICC values for the gonial angle between
the panoramic and lateral cephalometric
radiographs were 0.941, 0.927, and 0.954 in
skeletal Class I, II, and III patients,

Table 1. Mean values of angular measurements made on cephalometric and panoramic radiographs in different
skeletal classes and the related ICC values

Gonial Angle I 125.76+7.26
II 125.86+6.45
11 127.2545.68
Palatal Plane I 3.22+2.9
Inclination I 3.62+2.86
111 3.01+2.72
Upper Incisor I 28.6%£3.16
Vertical Index 28.11+2.94
I 28.31+3.11

123.5+6.49 0941 0.910 0.961
122.84+5.32 0.927 0.892 0.951
124.8+5.31 0.954 0.930 0.970
4.14+2.72 0.650 0.468 0.769
3.91+2.91 0.605 0.413 0.734
4.2+2.89 0.320 -0.040 0.556
24.65£3.09 0.812 0.715 0.877
24.63+2.92 0.810 0.718 0.872
24.06+3.14 0.758 0.630 0.842

ICC: Intraclass correlation coefficient; SD: Standard deviation.

respectively and were all statistically
significant (P=0.000, Table 1).

The ICC values for the palatal plane inclination
between the panoramic and lateral
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cephalometric radiographs were statistically
significant (P=0.000) in skeletal Class I and Class
II patients, with values of 0.650 and 0.605,
respectively; however, it was not statistically
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significant (P>0.05) in skeletal Class III patients
(mean=0.320 with 95% CI=-0.4-0.55; Table 1).

Finally, the ICC values for the upper incisor
vertical index in skeletal Class I, II, and III patients
were 0.812,0.810, and 0.758, respectively, and all
were statistically significant (P=0.000, Table 1).

A comparison of angular measurements made on
panoramic radiographs between the right and
left sides is presented in Table 2. In summary,
there was a statistically significant difference in
the gonial angle between the right and left sides
in skeletal Class Il patients with a mean difference
of 0.96+3.6 degrees (P=0.009). The U1 vertical
index showed statistically significant differences
between the right and left sides in all three
skeletal classes (P=0.000), with a mean difference
of 1.21+2.4 degrees in skeletal Class I, 1.08+2.1
degrees in skeletal Class II, and 1.02+2.2
degrees in skeletal Class IIl. There was no

statistically significant difference between the
right and left sides for the other angles and
skeletal classes (P>0.05).

Simple linear regression equations for predicting
cephalometric angles by measuring them on
panoramic radiographs are shown in Table 3.
Table 3 also shows the mean absolute difference
between the calculated cephalometric angles
based on panoramic radiographs and the actual
cephalometric angles of the patients.

Evaluation of the reliability of the angular
measurements of 30 randomly selected patients
after 2 weeks revealed statistically significant ICC
values for all measurements (P=0.000).

DISCUSSION

The present study compared panoramic and
lateral cephalometric radiographs for some
angular measurements that are useful in the

Table 2. Mean values of angular measurements made on panoramic radiographs and their comparison
between the right and left sides

Gonial Angle | 123.70+6.81  123.30:6.49  0.204 0.903 <0.001
11 123324541  122.36:5.81  0.009 0.797 <0.001
1l 125.10+5.56  124.51#5.74  0.159 0.767 <0.001
Palatal Plane | 3.99+2.98 4.29+2.86 0.193 0.728 <0.001
Inclination 11 3.76+3.10 4.05+3.20 0.226 0.715 <0.001
11 4.38+3.35 4.01+2.98 0.183 0.676 <0.001
Upper Incisor | 25.26+3.58 24.05+3.04 <0.001 0.747 <0.001
Vertical Index 25.17+3.36 24.09+2.82 <0.001 0.781 <0.001
1l 24.58+3.58 23.55+3.05 <0.001 0.792 <0.001

SD: Standard deviation.

Table 3. Simple linear regression equations for prediction of cephalometric angles based on the measured
values on panoramic images. Absolute difference is the difference between the calculated and actual
cephalometric angles of the patients

Gonial C=(Px1.01)+1.47 0.797 <0.001 2.33+1.77
Palatal Plane Inclination C=(Px0.37)+1.81 0.136 <0.001 2.01%1.70
Upper Incisor Vertical Index C=(Px0.66)+12.22 0.430 <0.001 1.73%1.53

C: Calculated cephalometric angle; R2: R-Squared; P: Measured panoramic value; SD: Standard deviation.

diagnosis and treatment planning of

orthodontic patients.
Turp etal. [19] and Larheim and Svanaes [20]
concluded that vertical and horizontal linear

Volume 23 | Article 27 | Jun 2026

assessments on panoramic radiographs are
unreliable and should be avoided. Similarly,
Faryal et al. [21] compared panoramic and
lateral cephalometric radiographs in terms of
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horizontal and vertical linear measurements
and showed that panoramic radiographs
were unreliable for horizontal linear
measurements (e.g., mandibular body or total
mandibular  length),  unlike  vertical
measurements  (e.g, ramus  height).
Therefore, only angular measurements could
be performed in the current study to compare
the two imaging modalities [17, 22, 23].

One limitation of panoramic radiographic
analysis is the invalidity of angular
measurements between the mandible and
other components of the face [17]. This
limitation arises from the process of taking
panoramic radiographs, as patients must
advance their lower jaw to place their teeth in
the bite block. Therefore, any angular analysis
between the mandible and the maxilla or
between the mandible and the cranial base
would be inaccurate; thus, it was avoided in
the present study.

Three angles were evaluated: gonial, palatal
plane inclination, and upper incisor vertical
index. The gonial angle and palatal plane
inclination provide a general perspective of
patient’s vertical skeletal class. Comparison of
the right and left gonial angles on panoramic
radiographs could be helpful in detecting true
facial asymmetries, which is a limitation in
lateral cephalograms because the right and left
gonial angles cannot be distinguished. The
upper incisor vertical index, introduced by
Akcam et al. [17] on panoramic radiographs
helps to evaluate the vertical eruption and
extrusion of maxillary incisors.

The results of the present study showed that
panoramic radiography is a reliable source of
angular measurements in orthodontic analysis
in different skeletal classes; the only exception
was the palatal plane inclination in skeletal
Class III patients, which showed a non-
significant and relatively low ICC.

The ICCs for the gonial angle were excellent in
all skeletal classes according to the criteria by
Portney [18], whereas the palatal plane
inclination had poor to moderate ICCs in
skeletal Class I and II patients and poor ICC in
skeletal Class III patients. This could be due to
the positioning of the patients in the
panoramic machine, especially in patients
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with large mandibles, resulting in more image
distortion, especially in the palatal region. The
U1 vertical index showed moderate to good
ICCs in different skeletal classes.

Patients with Class I, II, and III skeletal
patterns had the highest ICCs for U1 vertical
index followed by the palatal plane inclination.
For the gonial angle, patients classified as
Class I1I exhibited the highest ICCs followed by
Class I, and Class II.

Although the majority of published studies [7,
15, 24-30], as well as the present investigation,
support the hypothesis that there would be no
statistically significant difference in the gonial
angle measurements between panoramic
radiography and lateral cephalometry, and
that panoramic radiographs are reliable
sources for gonial angle measurements, there
are some other studies that drew different
conclusions. Fisher-Brandies et al. [14]
demonstrated that the gonial angles measured
on panoramic radiographs were
approximately 2.2 to 3.6 degrees smaller than
those measured on lateral cephalograms,
leading them to conclude that a significant
disparity exists between these radiographic
modalities. Mattila et al. [7] conducted a
comparison between the gonial angles
measured on panoramic radiographs and
lateral cephalograms and the gonial angles of
dry skulls, and concluded that panoramic
radiographs had greater precision in
measuring the gonial angle.

According to the present study, the mean
gonial angle measured on panoramic
radiographs was smaller than that measured
on lateral cephalograms, but high ICCs and
linear regression equations with a good
accuracy (R=0.8) make panoramic
radiographs a reliable source for gonial angle
measurements. Shahabi et al. [24] asserted
that the divergent outcomes observed in
comparing panoramic and lateral
cephalometric radiographs in gonial angle
measurement may be attributable to the
variations in age and malocclusion of patients
across different studies. The current study
demonstrated excellent ICC values for the
gonial angle in all skeletal classes.

Mattila et al. [7] and Dahan and Jesdinsky [31]
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contributed the variation in the gonial angle
measurements to different methods of
mandibular plane tracing. Radhakrishnan et al.
[25] used the line tangent to the lower border
of the mandible while other investigators, used
the line passing through the menton or
gnathion points, similar to the present study.
By comparing two gonial angles, no difference
was found between the right and left sides of
panoramic radiographs in skeletal Class I and
Il patients, while a statistically significant
difference was found in Class II patients.
Akcam et al. [17] discovered a high
correlation between the right and left gonial
angles on panoramic radiographs of skeletal
Class II patients. However, in the current
study, despite a relatively high correlation
between the right and left gonial angles of
Class II patients, there was a statistically
significant difference between the two sides.
The mean difference was less than 1 degree
(larger on the right side) and could be
clinically insignificant. The right and left
upper incisor vertical indices were also
significantly different statistically with the
right side exhibiting a higher mean value,
although the mean difference was less than
1.5 degrees in all skeletal classes. The palatal
plane inclination showed a non-significant
difference between the two sides of
panoramic radiographs.

Clinicians can estimate lateral cephalometric
gonial angles with high precision using linear
regression equations (R?=0.8). Predicting
upper incisor inclination (R?2=0.43) and palatal
plane inclination (R?=0.14) using regression
equations showed moderate and weak
accuracy. Although the absolute difference
between the predicted and actual angles was
clinically imperceptible, these equations
should be used with caution. Further studies

are reiuired to further elucidate this toiic.

Reliability of panoramic images for
measuring the gonial angle, palatal plane
inclination and upper incisor vertical index
was found to be excellent, poor to moderate
and moderate to good, respectively. The
skeletal class does not affect the reliability of
panoramic images for angular
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measurements. The exception was palatal
plane inclination in skeletal Class III patients.
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