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ABSTRACT

Dental malocclusion describes incorrect alignment of the maxillary and mandibular first molars. This causes irregular bite 
alignment and can result in other physiological issues related to the jaw or mouth. Many studies have been conducted to 
look for correlations between various craniofacial angles and classification of malocclusion. However, most of these stud-
ies focused on differences between classes without comparing these differences between multiple age groups. This study 
investigates correlations between the cranial base angle, maxillary protrusion angle (SNA), mandibular protrusion angle 
(SNB) and classification of malocclusion, as well as sexual dimorphism and developmental variations of those angles. Mea-
surements were collected from a longitudinal sample of anatomically modern human cranial radiographs, ranging in age 
from 5.0 to 16.2 years. Results showed a significant difference in mandibular protrusion between the youngest and oldest 
sampled age groups, significant difference in maxillary protrusion between males and females at the youngest sampled age 
group, and significant differences in the mandibular protrusion angle between each of the three classes of malocclusion. 
These findings can help to further our understanding of the relationship between craniofacial development and the classi-
fication of malocclusion.

INTRODUCTION

Dental malocclusion is caused by dis-
proportionate growth of the mandible 
and/or maxilla during fetal develop-
ment. This can be caused by many fac-
tors, both genetic and developmental, 
leading to misalignment of the jaws 
and teeth (Nishitha et al., 2014). An-
gle’s (1900) classification is the most 
commonly used system of classifying 
malocclusion, and is based on the rel-
ative positioning of the first maxillary 
and mandibular molars (Rinchuse and 
Rinchuse, 1989). According to Angle’s 
(1900) system of classification, there are 

three classes of malocclusion, as illus-
trated in Figure 1. Class I is described 
as having a normal first molar align-
ment, but with the presence of crowd-
ing and other alignment irregularities. 
Class II malocclusion occurs when the 
mandibular first molar is seated more 
posteriorly than the maxillary first mo-
lar. This pattern presents as an overbite 
where the maxillary teeth protrude an-
teriorly in relation to the mandibular 
teeth. In Class III, the mandibular first 
molar is seated more anteriorly than 
the maxillary first molar. This pattern 
creates an underbite in which the man-
dibular teeth protrude anteriorly past 

the maxillary teeth.

While both genetic and developmen-
tal causes of dental malocclusion are 
thought to exist, a distinct set of cranio-
facial factors have not yet been found to 
cause variation in dental malocclusion 
(Nishitha et al., 2014). Many previous 
studies have aimed to connect various 
cranial angles to malocclusion, includ-
ing the cranial base angle, maxillary 
protrusion (SNA) angle, and mandibu-
lar protrusion (SNB) angle (Dhopatkar 
et al., 2002; Andria et al., 2004; Nishitha 
et al., 2014; Camci and Salmanpour, 
2020). These studies have come to con-

Figure 1. Illustration of Angle’s (1900) classifications of malocclusion, (A) Class I, shown in subject Burlington 392M, 12.0 years, (B) Class II, shown in 
subject Burlington 183M, 12.0 years, and (C) Class III, shown in subject Bolton-Brush B2429F, 11.7 years.



flicting conclusions on whether there is 
a link between these angles and dental 
malocclusion class (Andria et al., 2004). 
Some studies have indicated that clas-
sification of malocclusion is not cor-
related to a single cranial angle, but is 
instead linked to a more complex rela-
tionship between multiple angles and 
developmental factors (Guyer et al., 
1986). Additional research has inves-
tigated whether sexual dimorphism 
is related to dental development in 
regards to skeletal growth and shape 
(Coquerelle et al, 2011). Other studies 
have found that there is a significant 
correlation between mandibular and 
maxillary length and malocclusion 
classification, but that the cranial base 
angle had no significant relation or cor-
relation to classification of malocclu-
sion (Polat and Kaya, 2007). 

This study investigates three craniofa-
cial angles which have been proposed 
to correlate with patterns of maloc-
clusion (Dhopatkar et al., 2002). The 
cranial base angle, also known as the 
saddle angle, is typically measured 
radiographically using the following 
skull landmarks: basion (Ba), sella turci-
ca (S), and nasion (N). The anterior limb 
of this angle has been shown in other 
studies to significantly correlate with 
the position of the maxilla, while the 
posterior limb has been shown to cor-
relate with the position of the mandible 
(Dhopatkar et al., 2002). The maxillary 
protrusion (SNA) angle is measured 
radiographically using the following 
landmarks: sella turcica (S), nasion (N), 
and the most concave point of the 
midsagittal maxilla between the ante-
rior nasal spine and the most inferior 
region of the bone (Point A). The SNA 
angle relates to occlusion of the teeth 
as it describes protrusion of the max-
illa in relation to the rest of the skull. 
The mandibular protrusion (SNB) an-
gle is measured radiographically using 
the following landmarks: sella turcica 
(S), nasion (N), and the most concave 
point of the anterior midsagittal man-
dible (Point B). The SNB angle relates 
to occlusion of the teeth as it describes 
protrusion of the mandible in relation 
to the rest of the skull. 

This study aims to determine whether 
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any relationship exists between these 
three craniofacial angles and subjects’ 
classification of malocclusion. Addi-
tionally, this study assesses sexual di-
morphism in the angle measurements 
and developmental changes in the 
angle measurements over time. Using 
lateral cranial radiographs from the 
American Association of Orthodontists 
Foundation (AAOF) Legacy Growth 
Collection, measurements of the cra-
nial base angle, SNA angle, and SNB 
angle were collected and compared 
across three longitudinal age groups.

MATERIALS & METHODS

Measurements of cranial base angle 
and facial protrusion (SNA and SNB) 
angles were collected from a longitu-
dinal sample of lateral human cephalo-
grams. A sample of 30 subjects (15 male 
and 15 female) were measured, with 10 
subjects (5 male and 5 female) repre-
sented in each class of malocclusion. 
Subjects were measured at three longi-
tudinal age points (Age 1: 5.0-6.3 years, 
Age 2: 11.0-12.1 years, and Age 3: 15.0-
16.2 years). These age points were cho-
sen due to their relation to important 
growth phases in development of the 
jaws and teeth (Albert et al., 2019). Age 
1 is closely related to the time frame 
in which deciduous teeth begin to be 
lost and adult central incisors begin 
to erupt (AlQahtani et al., 2010). Age 3 
relates to when the mandible has com-
pleted or nearly completed its growth 
to adult size. Age 2 falls between these 
major developmental periods, provid-
ing data on ongoing development of 
the jaws and teeth. 

Subjects were sampled from the Uni-
versity of Toronto Burlington Growth 
Study, the Case Western Bolton-Brush 
Growth Study, and the Fels Longitudi-
nal Study (American Association of Or-
thodontists Foundation, 2022). These 
growth studies primarily represent 
North Americans of European descent, 
and the radiographs were collected in 
the mid-1900s. Subjects were selected 
based on availability of radiographs at 
each of the sampled age groups, with 
the goal of having an equal number of 
subjects in each class of malocclusion 
and with an equal number of males 

and females within each class. 

A single observer used the program 
tpsDig2 (Rohlf, 2015) to collect mea-
surements of the SNA (maxillary pro-
trusion), SNB (mandibular protrusion), 
and cranial base angles on each radio-
graph. The cranial base angle was mea-
sured as the angle from nasion (N), to 
sella turcica (S), to basion (Ba) (Dhopat-
kar et al., 2002), as illustrated in Figure 
2. The SNA angle was measured as the 
angle measured from sella turcica (S), 
to nasion (N), to Point A (A). Point A is 
the most concave point of the midsag-
ittal maxilla between the anterior nasal 
spine and the anterior inferior part of 
the maxilla from which the incisors 
erupt (Nishitha et al., 2014), as shown 
in Figure 3. The SNB angle was mea-
sured as the angle from sella turcica (S), 
to nasion (N), to Point B (B). Point B is 
the most concave point of the anterior 
midsagittal mandible (Lorenzo et al., 
1998), as shown in Figure 4.

Before finalizing measurements of the 
whole subject pool, a test of intraob-
server error was performed to ensure 
accuracy and precision of measure-
ment technique. Measurements of the 
cranial base, SNA, and SNB angle were 
repeated for a sample of five subjects 
at each class at the youngest age point, 
resulting in a total of 15 radiographs 
being measured twice. The first and 
second round of measurements were 
measured by the same observer. Next, 
t-tests were performed to determine 
whether a significant difference exist-
ed between the two sets of measure-
ments. Results of this test showed no 
significant difference between the two 
rounds of measurement, with p-val-
ues of 0.7913 for the cranial base angle, 
0.8962 for the SNA angle, and 0.3913 
for the SNB angle.

After all angle measurements were col-
lected, t-tests were conducted to deter-
mine whether significant angle differ-
ences exist between the sexes, between 
age groups, and between malocclusion 
classes.
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RESULTS

Average angle measurements for each age group 
are shown in Tables 1-3.

Average angle measurements for males versus fe-
males from each class of malocclusion are shown 
in Table 4.

The t-tests revealed some significant patterns of 
angle variation relating to sexual dimorphism, de-
velopment, and malocclusion. For the test of sexual 
dimorphism, the only significant angle difference 
between males and females was found in the SNA 
angle at the youngest age group (Table 5). 

The only significant developmental angle change 
was in the SNB angle, which was found to differ 
significantly between the youngest and oldest age 
groups (Table 6).

Significant differences were found in the cranial 
base angle between individuals classified as hav-
ing Class III malocclusion compared to those hav-
ing both Class I and Class II malocclusion (Table 7). 
Additionally, significant differences were found in 
the SNA angle between individuals in Class I ver-
sus Class II and in Class II versus Class III. Finally, 
a significant difference was found in the SNB angle 
measurement between each of the classes of mal-
occlusion.

DISCUSSION

Sexual Dimorphism. The significant sexual di-
morphism in SNA angle found in the youngest age 
group is likely due to the difference in incisor erup-
tion timelines between the sexes (Poureslami et al., 
2015). Females typically lose their deciduous cen-
tral incisors and show eruption of their adult cen-
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Figure 2. Cranial base angle, measured between 
nasion (N), sella turcica (S), and basion (Ba). 
(Shown in subject Burlington 608F, 6.0 years).

Figure 3. SNA angle, measured between nasion 
(N), sella turcica (S), and Point A. (Shown in 
subject Burlington 608F, 12.08 years).

Figure 4. SNB angle, measured between nasion 
(N), sella turcica (S), and Point B. (Shown in 
subject Burlington 608F, 16.0 years).

Measurements (in Degrees) of Angles for Class I
Group SNA Angle SNB Range Cranial Base Angle 

Range Avg. Range Avg. Range Avg.
Age 1 (5.0-6.3 years) 77.96-90.62 81.81 72.27-80.32 77.07 120.65-136.39 127.22
Age 2 (11.0-12.1 years) 77.0-89.64 83.42 74.17-84.62 80.20 121.31-134.54 126.68
Age 3 (15.0-16.2 years) 80.93-87.51 85.19 77.98-83.94 81.75 119.15-138.12 125.64

Table 1. Ranges and averages for each angle measurement in the Class I maloc-
clusion sample pool.

Table 2. Ranges and averages for each angle measurement in the Class II maloc-
clusion sample pool.

Measurements (in Degrees) of Angles for Class II
Group SNA Angle SNB Range Cranial Base Angle 

Range Avg. Range Avg. Range Avg.
Age 1 (5.0-6.3 years) 76.93-91.35 81.48 71.42-82.21 75.10 115.74-138.36 129.48
Age 2 (11.0-12.1 years) 75.29-88.81 80.44 68.01-81.05 76.10 112.46-138.24 128.16
Age 3 (15.0-16.2 years) 75.49-88.47 81.21 73.10-81.37 76.87 123.45-138.43 128.34

Table 3. Ranges and averages for each angle measurement in the Class III maloc-
clusion sample pool.

Measurements (in Degrees) of Angles for Class III
Group SNA Angle SNB Range Cranial Base Angle 

Range Avg. Range Avg. Range Avg.
Age 1 (5.0-6.3 years) 74.32-95.02 84.94 74.68-88.99 82.06 116.41-131.63 122.90
Age 2 (11.0-12.1 years) 78.29-95.58 84.95 74.74-93.61 83.12 113.21-131.53 123.55
Age 3 (15.0-16.2 years) 76.48-94.75 85.52 74.57-90.80 83.66 112.61-134.08 124.03

Table 4. Average angle measurements in male versus female subjects at Age 1 
(5.0-6.3 years), Age 2 (11.0-12.1 years), and Age 3 (15.0-16.2 years).

Measurements (in Degrees) of Angles in Male Versus Female Subjects
Group Age SNA Angle Avg. SNB Range Avg. Cranial Base Angle Avg.

Male Female Male Female Male Female
Class I Age 1 79.85 83.77 76.19 77.95 127.91 126.53

Age 2 81.94 84.89 79.13 81.27 128.49 124.87
Age 3 84.42 85.97 80.97 82.52 125.31 125.96

Class II Age 1 78.95 84.01 72.98 77.22 131.36 127.60
Age 2 79.02 81.87 75.86 76.35 129.85 126.26
Age 3 80.03 82.38 76.63 77.11 125.97 130.70

Class III Age 1 82.10 87.79 80.60 83.52 124.74 121.05
Age 2 83.41 86.49 81.85 84.38 122.29 124.81
Age 3 85.92 85.11 84.57 82.74 123.49 124.57
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dergoes anterior growth relative to the 
rest of the skull (George, 1978; Kerr, 
1979). During puberty, both males and 
females experience mandibular growth 
which can be seen as significant in in-
creasing the SNB angle value from 
age 5 to age 15 (Banafsheh and Nan-
da, 2004). The SNB angle captures this 
mandibular protrusion, quantifying 
how far forward the mandible sits in 
relation to the rest of the skull.

No significant difference was observed 
in either the SNA angle or cranial base 
angle between the three age groups. The 
maxilla reaches 85% of its adult size by 
5 years of age, with steady growth con-
tinuing from 5 until around 11 years 
of age, when growth slows and finally 
plateaus at the age of 15 years (Albert 
et al., 2019). The maxillary protrusion 
captured by the SNA angle, therefore, 
was not found to change significantly 
between the sampled age groups. Oth-
er studies have found that the cranial 
base angle remains relatively stable 
after five years of age (Dhopatkar et 
al., 2002). It is not surprising, there-
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tral maxillary incisors earlier in devel-
opment than males (AlQahtani et al., 
2010). On average, females have erup-
tion of their adult central maxillary in-
cisors 2 months earlier than males. The 
average age of adult maxillary central 
incisor eruption is 6.7 years of age in 
females and 6.9 years of age in males 
(AlQahtani et al., 2010). Eruption of the 
maxillary incisors impacts the place-
ment of point A, thereby causing vari-
ation in the measurement of the SNA 
angle. Because the SNA angle is mea-
sured from the most concave part of 
the maxilla, between the inferior nasal 
ridge and the incisors, the presence of 
unerupted adult teeth affects the out-
come of this angle measurement. 

No significant sexual dimorphism was 
found in either the SNB or cranial base 
angle. The lack of significant sexual 
dimorphism in the SNB angle is like-
ly due to the closer eruption timeline 
for mandibular incisors compared to 
maxillary incisors. On average, male 
and female mandibular incisors erupt 
within a month of each other (AlQa-
htani et al., 2010, Poureslami et al., 
2015). Additionally, mandibular pro-
trusion may not be a sexual dimorphic 
feature, despite sex-related variation 
in mandibular size (Weber et al., 1993). 
Previous studies have found there to 
be little sex-related variation in man-
dibular shape or development between 
the ages of 4 to 14 years (Coquerelle et 
al, 2011). This could explain the lack of 
sexual dimorphism found in our age 
groups. The cranial base angle was 
not found to be significantly different 
between the sexes, as seen in previ-
ous studies (Mana et al., 2016). While 
the average values between males and 
females were found to vary slightly, 
the difference was not significant and 
overlap was seen between the male 
and female cranial base angle ranges.

Developmental Differences. The sig-
nificant difference in the SNB angle 
between Age 1 (5.0-6.3 years) and Age 
3 (15.0-16.2 years) can be explained by 
the anterior development of the mandi-
ble during late childhood and adoles-
cent development. As the jaw develops 
during major growth periods between 
5 and 15 years of age, the mandible un-

Table 5. Results of sexual dimorphism t-tests, including p-values t-scores, and degrees of freedom 
(DOF).

T-Test Results for Differences Between Male and Female Subjects
Group SNA SNB Cranial Base Angle

P-Value T-score DOF P-Value T-score DOF P-Value T-score DOF
Age 1 (5.0-6.3 
years)

0.0061* 2.9660 28 0.0616 1.9469 28 0.2083 1.2880 28

Age 2 (11.0-
12.1 years)

0.0913 1.7487 28 0.3286 0.9944 28 0.5288 0.6378 28

Age 3 (15.0-
16.2 years)

0.5489 1.0273 28 0.9686 0.0397 28 0.5414 0.6183 28

Table 6. Results of developmental changes t-tests, including p-values t-scores, and degrees of 
freedom (DOF).

T-Test Results for Differences Between Age Groups
Group SNA SNB Cranial Base Angle

P-Value T-score DOF P-Value T-score DOF P-Value T-score DOF
Age 1 vs. 2 0.5290 0.6334 58 0.1634 1.4115 58 0.80073 0.2450 58
Age 2 vs. 3 0.3955 0.8560 58 0.4500 0.7605 58 0.6326 0.4806 58
Age 1 vs. 3 0.3301 0.9822 58 0.0249* 2.3027 58 0.7446 0.3273 58

Table 7. Results of malocclusion class t-tests, including p-values t-scores, and degrees of freedom 
(DOF).

T-Test Results for Differences Classes of Malocclusions
Group SNA SNB Cranial Base Angle

P-Value T-score DOF P-Value T-score DOF P-Value T-score DOF
Class I vs. II 0.0245* 2.3102 58 0.0001* 4.1186 58 0.1701 1.3891 58
Class II vs. III 0.0017* 3.2846 58 0.0001* 6.4068 58 0.0019* 3.2529 58
Class I vs. III 0.1753 1.3722 58 0.0025* 3.1557 58 0.0427* 2.0723 58

fore, that no significant developmental 
difference was observed in the cranial 
base angle between the sampled age 
groups.

Classes of Malocclusion. Class I mal-
occlusion describes a normal first mo-
lar alignment with other irregularities 
occurring elsewhere, typically anterior 
to the first molars (Rinchuse and Rin-
chuse, 1989). Class II is defined as an 
overbite, where the upper first molar is 
located anterior to the lower first molar 
(Rinchuse and Rinchuse, 1989). Class III 
describes an underbite, where the low-
er first molar protrudes past the upper 
first molar (Rinchuse and Rinchuse, 
1989). Measures of overall maxillary 
and mandibular protrusion, therefore, 
can be related to certain classes of mal-
occlusion, as discussed below.

SNA Angle. The significant difference 
in the SNA angle between Class I and 
II and between Class II and III likely 
relates to the SNA angle’s quantifica-
tion of maxillary protrusion relative 
to the rest of the skull. Because Class 
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II malocclusion describes protrusion of 
the maxillary dentition relative to the 
mandibular dentition, the SNA angle 
of Class II subjects differs significantly 
from the other two classes. 

Class I malocclusion, which includes 
proper alignment between the max-
illary and mandibular first molars, is 
less likely to show the same level of 
maxillary protrusion as seen in Class II. 
The SNA angle of subjects with Class 
III malocclusion was found to vary sig-
nificantly from subjects with Class II 
malocclusion because these two classes 
differ substantially in the relative po-
sitioning of the maxilla and mandible. 
The SNA angle measurement was able 
to capture this morphological varia-
tion. 

SNB Angle. The significant difference 
in SNB angle between all three classes 
of malocclusion indicates the impor-
tance of the mandible’s position rela-
tive to the rest of the skull in defining 
malocclusion. Class I subjects would 
be expected to show a normal level of 
mandibular prognathism, while Class 
II subjects would likely show mandib-
ular retrusion or a slightly abnormal 
mandibular position. Class III subjects 
would most likely show mandibular 
protrusion. The position of the mandi-
ble impacts first molar alignment, and 
therefore malocclusion classification. 
Because the SNB angle captures infor-
mation on mandibular positioning, this 
angle was found to vary significantly 
between the three classes of malocclu-
sion. 

Cranial Base Angle. The cranial base 
angle of subjects with Class III maloc-
clusion was found to be significantly 
different from those in Classes I and 
II. This difference in cranial base angle 
measurement can likely be explained 
by Class III’s connection with a pat-
tern of both maxillary retrusion and 
mandibular protrusion. Additionally, 
Class III cranial base angle measure-
ments’ averages were smaller than that 
of Class I and Class II within each age 
group as seen in other research (Sang-
garnjanavanich et al, 2014). The two 
limbs of the cranial base angle have 
been found to correlate with the posi-

et al., 1998). If a correlation is found, it 
could help to improve diagnosis and 
treatment of malocclusion, as well as 
improving the malocclusion classifi-
cation system. This may also aid the 
American Association of Orthodontists 
and the American Board of Orthodon-
tists in the formation of a more accu-
rate malocclusion classification system.
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