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ABSTRACT

Background: Facial growth and development is crucial in orthodontic and forensic dentistry. 
Relating skull base parameters as foramen magnum (FM) size and shape to skeletal growth provides 
important indicators for craniofacial development. The study aimed to determine if there is a 
relation between the shape and dimensions of FM and anteroposterior (AP) skeletal relationship, 
and to predict skeletal class based on FM dimensions and shape. 

Methods: One hundred and eleven CBCT scans were analyzed using Anatomage software 
assessing various skull parameters and FM shape and dimensions. All the measurements were 
evaluated in relation to AP skeletal relationship. Logistic regression (LR) analysis was performed 
to differentiate between class I and class II. 

Results: The oval shape is the most frequent FM shape across all classes, whereas the rounded 
and irregular shapes were common in Class III. Although the shape and dimensions of FM along 
with other cranial dimensions showed no significant correlation with skeletal classes, mandibular 
length, ramus height, and gonial angle were larger in class III. The FM index in the sample was 
of the narrow type (<82) with the highest rate in Class I (%40.3) and mean FM index of 79.09 
8.83  ±. The LR model produced a modest overall correct classification of %73.33)  %67.44 for 
class I, %60.98 for class II). The area under ROC curves of the model was equal to 0.751 which is 
considered acceptable. 

Conclusion: The study revealed no significant differences between the shape and dimensions 
of FM and AP skeletal relationship and skull parameters.
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INTRODUCTION 

Forensic medicine is a multidisciplinary branch 
that has long been used in the medical field for 
the identification of unknown deceased, as well 
as for age estimation, sex determination and skull 
reconstruction [1,2]. Bone structures are particularly 
valuable in forensic identification due to their 
high resistance to chemicals, high temperature and 
decomposition [3].

Measurements for calvarium bones, including 
the frontal, parietal, and occipital bones, located 
in the cranial base are employed during forensic 
examination of unknown deceased to uncover their 
identity and personal background [4,5]. In certain 
cases, as mass disasters, unrecognizable remains, 
or when other identification traditional methods 
like fingerprints, DNA or soft tissue analysis are 
not possible, forensic medicine may be replaced 
by forensic odontology depending on teeth and 
maxillofacial bony structures [6,7,8].

From an orthodontic perspective, diagnosis 
and treatment planning starts by thoroughly 
understanding facial growth and development. This 
comprehensive knowledge helps orthodontists to 
address potential issues and develop more effective 
treatment plans and hence better treatment outcomes 
[9,10,11,12]. The cranial base is a key part of the skull, 
that strongly affects the positioning of both maxilla 
and mandible. It is formed of anterior and posterior 
parts; the maxilla anteriorly is attached directly 
to the anterior part through growth sutures, while 
the mandible is attached indirectly to the posterior 
part through the temporomandibular joint. Hence, 
the cranial base degree of growth affects the 
anteroposterior (AP) skeletal development and jaw 
relation [13,14,15,16].

The foramen magnum (FM), is mainly formed 
by the occipital bone, and is located in the cranial 
base at its posterior part. It is recognized as the most 
prominent structure of this bone due to its large 

size [17,18] yet its shape and size may vary among 
species and individuals [17]. Owing to its prominent 
location, an association between its morphology 
and AP skeletal relationships could be expected. 
Consequently, FM morphology could serve as a 
valuable reference for both anatomists in forensic 
investigation and for orthodontists as well.

Cone beam computed tomography (CBCT) is 
a three dimensional (3D) maxillofacial imaging 
modality that helps many dental fields such as 
orthodontics, implantology, surgery [19,20,21] as well 
as forensic dentistry [4,22], due to its enhanced image 
quality, low dose, low cost, and enhanced 3D images 
in multiple planes.  These advantages would in turn 
improve dental and surgical treatment planning, 
raising overall treatment outcomes [4,23,24,25].

Although the correlation between the AP skeletal 
relationship and the cranial base  measurements 
has been previously reported in the literature, the 
FM and AP skeletal relationships has never been 
assessed, hence, the present study’s aim was three 
folds; to explore, for the first time, the distribution 
of FM various shapes in the three skeletal classes, 
second, to compare skull parameters with different 
skeletal classes and FM shape and dimensions 
and third, to predict the underlying AP skeletal 
classification using logistic regression (LR) models.

MATERIALS AND METHODS

A retrospective cross-sectional study was 
performed on craniofacial CBCT scans from 111 
adult patients (29 males and 82 females), sourced 
from the database of the Oral and Maxillofacial 
Radiology Department, and with ages range of 18-
40 years. The study was approved by the faculty of 
Dentistry, Cairo university ethics committee, with 
code number 331122.

Inclusion criteria: Craniofacial adult CBCT 
scans with complete FM and sound craniofacial 
features.
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Exclusion criteria: Patients under 18 years 
who have history of orthodontic treatment, skeletal 
craniofacial disease, oral and maxillofacial trauma 
or surgery, or conditions that could damage the 
FM especially when associated with congenital 
syndromes.

CBCT imaging parameters

Patients were imaged using 3D CBCT machine 
(Planmeca Promax 3D mid, Helsinki, Finland) with 
0.4 mm voxel size, and field of view of 20x20 cm, 
the kilovoltage and milliampere were set at 90 kVp 
and 10 mA respectively for 13.891 sec.

All the CBCT DICOM images were exported 
and viewed on Anatomage software version 5.3. 
CBCT volumetric images of all subjects were 
initially reoriented such that the mid sagittal 
plane was at a right angle to the floor, ensuring 
precise measurements. Facial landmarks were 
then identified and adjusted in each case in the 3 
planes (axial, sagittal, and coronal) by an expert 
radiologist of more than 15 years’ experience 
(Fig. 1) generating linear and angular orthodontic 
measurements automatically.

Linear and angular measurements

The study generated different linear and angular 
orthodontic measurements and indices, which are 
measured following these definitions (Fig. 2 and 3). 

Linear measurements were conducted including:

Sella length (SL): the distance between the 
tuberculum sellae and dorsum sellae.

Sella width (SW): the perpendicular line drawn 
from the SL to the deepest point in the sella floor.

Foramen Magnum (FM) length: the distance 
between the FM posterior margin midpoint 
(opisthion) and the FM most anterior part midpoint 
(bastion).

Foramen Magnum (FM) width: the distance 
between the FM most lateral points.

Facial height: the distance between the midpoint 
of both eyebrows (Glabella), to the chin lowest point.

Inter-condylar distance: the distance between 
the highest point of right and left condyles. 

Chin length: the distance from the point in the 
alveolar process between the lower incisors to the 
midpoint of  lower border of mandibular body.

Ramus height: the distance from the highest 
point of right condyle to a point on the external 
contour of the gonial angle.

Mandibular length: the distance between the 
previous point of the gonial angle and the chin 
lowest point.

Angular measurements were conducted including

SNA: Angle generated by intersection of the 
sella/nasion plane with nasion/A plane. It represents 
the AP maxillary relationship with the cranial base.

Fig. (1). Example of landmark identification and adjustment for Nasion point in axial, sagittal and coronal planes.
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SNB:  Angle generated by intersection of the 
sella/nasion plane and nasion/B plane. It represents 
the AP mandibular relationship with the cranial base.

ANB: Angle generated by intersection of the 
Nasion/A line and the Nasion/B line. It determines 
the AP skeletal relationship of the maxilla to the 
mandible (Skeletal classification)

Gonial angle: Angle generated between the 
ramus and the mandibular body.

Determination of the skeletal class using angular 
measurements

Steiner method (ANB angle) was used to ensure 
that the subjects confirmed to certain skeletal group [26]:

Group 1: ANB angle ranging from 1° to 4°, 
reflects skeletal class I malocclusion.

Group 2: ANB angle greater than 4°, reflects 
skeletal class II malocclusion. 

Group 3: ANB angle less than or equal 0, reflects 
skeletal class III malocclusion.

Evaluation of foramen magnum 

In an axial cut, a clear image of the FM was 
chosen to identify its shape. Visual examination of 
the shape of each FM was conducted and one shape 
was selected from the following’s classification: 
oval, rounded, egg, tetragonal, pentagonal, 
hexagonal and irregular.

Using Martin and Saller classification [27] the FM 
index was assessed according to this formula:

FM Width/FM Length × 100                  

Fig. (2). Linear and angular measurements generation. 

 Fig. (3). Measurements of the foramen magnum’s length and width, shown in a) round and b) oval shapes.
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(a)  Narrow: FM index of less than or equal to 81.9 

(b) Medium: FM index ranging from 82.0 to 85.9 

(c)  Large: FM index of greater than or equal 86.0.

Intra-observer reliability evaluation

All the measurements were performed by an oral 
radiologist with more than 15 years’ experience. 
The measurements were repeated two weeks later, 
and the average was calculated and recorded.

Statistical analysis:

Statistical analysis was performed using SPSS 
20®1, Graph Pad Prism®2 and Microsoft Excel 
20163. Data was represented as mean and standard 
deviation for quantitative data, and as frequency 
and percentages or qualitative data. Qualitative data 
were explored for normality by using Shapiro Wilk 
and Kolmogorov-Smirnov normality test which 
revealed that all data is parametric data (P-value 
>0.05). Accordingly, comparison between more 
than 2 groups was performed by One Way ANOVA 
followed by Tukey`s Post hoc test for multiple com-
parisons. In qualitative data, comparisons were per-
formed by using  Fisher’s exact Test. LR model was 
used to analyze the relationship between the classes 
and the a combination of various predictors from 
the base of skull and the mandible. LR was used 
to assess variables individually and in combination. 
Receiver operating characteristic (ROC) curve, a 
well-accepted test measure of predictive accura-
cy[29], was used to assess the LR models.

Sample size calculation 

Owing to the complex nature of our study two 
sample sizes were calculated according to the nature 
of the variables observed. For the foramen magnum 
shape, the sample size was calculated based on a 
previous study [5]. According to this study, the mini-
mal accepted sample size is 58 when the coefficient 
of determination P2 is 0.16 (r= 0.472) between APD 
and TD), the effect size is 0.4, with probability (pow-
er) 0.8 and the Type I error probability associated 

with this test is 0.05. Total sample size increased to 
70 to compensate for 20% drop out. For the metric 
data, the sample size was calculated based on a pre-
vious study [29]. The facial height was selected as a 
reference for the metric data. The minimal accepted 
sample size is 66 when the coefficient of determina-
tion P2 is 0.17, (r= 0.472), the effect size is 0.28, 
with probability (power) 0.8 and the Type I error 
probability associated with this test is 0.05. Total 
sample size increased to 80 to compensate for 20% 
drop out. The test – correlation Point biserial model 
was performed by using G.Power 3.1.9.7.

RESULTS 

Association between gender and foramen mag-
num shape:

Table 1 and figure 4 depict the frequency ob-
served in the overall sample and the association be-
tween gender and FM shape. The most frequent FM 
shapes were the oval, rounded, and irregular shapes 
regardless of sex. For males, the oval (37.9%) and 
Irregular (20.7%) whereas for females the rounded 
(26.8%) and Oval (22.0%), Figure 5. The least com-
mon shape was Tetragonal being 3.4% for males 
and 4.9% for females. No statistically significant as-
sociation was found between gender and FM shape 
(p=0.24).

Association between foramen magnum shapes 
and skeletal classes

Table 2 and figure 5 present the distribution of 
FM shapes across the skeletal classes I, II, and III. 
No statistically significant association was found 
between FM shape and skeletal class (p=0.53). The 
oval shape is the most common across all classes, 
particularly in class I and II (22.2% and 31.7%, re-
spectively). The rounded shape is also prevalent in 
all classes, with the highest percentage in class III 
(28%). The least common shapes include tetragonal 
shape whereas the pentagonal, and hexagonal were 
most commonly found in class I. The irregular FM 
shape was observed more frequently in class III. 
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TABLE (1) The distribution of FM shapes in the overall sample and association between gender and FM 
shape:

 (29=Male (n (82=Female (n  Overall
P value

Count % Count % Count %

 Rounded 2 %6.9 22 %26.8 24 %21.6

0.24

 Oval 11 %37.9 18 %22.0 29 %26.1

 Egg 3 %10.3 9 %11.0 12 %10.8

 Tetragonal 1 %3.4 4 %4.9 5 %4.5

 Pentagonal 4 %13.8 9 %11.0 13 %11.7

 Hexagonal 2 %6.9 10 %12.2 12 %10.8

 Irregular 6 %20.7 10 %12.2 16 %14.4

TABLE (2) Frequency and distribution of different FM shapes among each skeletal class, comparison 
between them using Chi square test:

 
 

Skeletal classes
 Fisher’s 
exact Test

(Class I (normal (Class II (protruded (Class III (retracted

FM shape Count % Column N Count % Column N Count % Column N

Rounded 8 %17.8 9 %22.0 7 %28.0 0.53

Oval 10 %22.2 13 %31.7 6 %24.0

Egg 4 %8.9 6 %14.6 2 %8.0

Tetragonal 3 %6.7 0 %0.0 2 %8.0

Pentagonal 7 %15.6 4 %9.8 2 %8.0

Hexagonal 8 %17.8 3 %7.3 1 %4.0

Irregular 5 %11.1 6 %14.6 5 %20.0

Fig. (4) Stacked bar chart representing association between 
gender and foramen magnum shape.

Fig. (5) Bar chart showing distribution of different foramen 
magnum shapes among each skeletal class.
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Different parameters among skeletal classes:

Table 3 shows that the sella and FM widths and 
lengths were not statistically significant among the 
skeletal classes (P=0.05). Class III displayed the 
highest FM dimensions, facial height, and mandibu-
lar dimensions with the exception of intercondylar 
distance and chin length. Among the three skeletal 
classes there were no statistically significant differ-
ences regarding different measurements as the p-
values were greater than 0.05 for all measurements. 
As expected, class II individuals had a significantly 
higher mean SNA angle (87.35° ± 5.51) in compari-
son to class I (83.67° ± 3.81) and class III (81.28° 
±6.18) as P=0.0001, and SNB Angle: Class III indi-
viduals had a significantly higher mean SNB angle 
(85.87°± 6.72) when compared to class I (81.29° ± 
3.97) and class II (79.65° ± 5.08) with P=0.0001. 

Different parameters among different shapes of 
foramen magnum shape

Table 4 presents an analysis of various cranio-
facial measurements across different shapes of the 
FM. There was insignificant difference between all 
shapes regarding all measurements as P>0.05, ex-
cept for the FM length and intercondylar distance. 
FM length, there were statistically significant dif-
ferences in all shapes (p=0.0001). The tetragonal 
shape (40.5 ±3.89) and egg shape (40.47 ± 4.32), 
and oval shape (41.18 ± 3.62) have significantly 
longer FM lengths compared to rounded (35.86 ± 
3.79) and irregular shapes (35.85 ± 6.02). Inter-con-
dylar distance showed significant differences were 
observed (p=0.02). Oval shape had the largest FM 
dimensions, mandibular length (82.61± 5.67) inter-
condylar distance (96.95 ± 4.73). The tetragonal 
shape had the smallest sella length (8.78± 1.94) chin 
length (31.65±5.35), ramus height (49.42±4.56), 
and facial height (115.17 ±9.07).

TABLE (3) Mean and standard deviation of all parameters among skeletal classes, comparison between 
different classes:

 

 Skeletal class

P value(Class I (normal (Class II (protruded (Class III (retracted

Mean  Standard
Deviation Mean  Standard

Deviation Mean  Standard
Deviation

Age a 22.73 4.91 a 22.44 5.10 a 21.60 3.20 0.681
(Sella width (SW a 8.03 1.08 a 8.25 1.22 a 8.01 1.48 0.647
(Sella length (SL a 9.54 1.74 a 10.00 1.59 a 10.13 1.72 0.285

FM length a 37.98 4.14 a 38.45 4.52 a 38.71 5.39 0.796
FM width a 29.85 3.27 a 29.44 2.82 a 30.40 2.96 0.464

Inter-condylar distance a 94.13 5.64 a 95.72 5.12 a 94.23 4.70 0.324
Chin length a 32.32 3.50 a 33.34 3.61 a 32.58 2.95 0.372

Ramus height a 53.30 4.25 a 53.75 5.56 a 55.40 6.66 0.282
Mandibular length a 80.76 5.78 a 80.04 4.38 a 81.58 6.29 0.535

Gonial angle a 125.81 6.07 a 123.05 7.20 a 126.21 10.48 0.158
SNA angle a 83.67 3.81 b 87.35 5.51 a 81.28 6.18 *0.0001
SNB angle a 81.29 3.97 a 79.65 5.08 b 85.87 6.72 *0.0001

Facial height a 120.49 7.50 a 119.48 8.00 a 120.77 8.35 0.769

*Significant difference as P<0.05.
Means with different superscript letters were significantly different as P<0.05.
Means with the same superscript letters were insignificantly different as P>0.05.
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Distribution foramen magnum size indices 
among each skeletal class

Table 5 presents the distribution and measure-
ments of FM size indices across three skeletal class-
es: Class I, II, and III. The mean values of the over-
all sample in each class showed the FM index was 
of the narrow type (<82) according to Martin and 
Saller classification. The mean FM index in class 
I, II, III was 79.09 ± 8.83, 77.40 ± 10.18, 79.28± 
7.98, correspondingly. Males FM index (85.01 ± 
8.67) was higher than females index (83.17 ± 7.78), 
with no statistically significant (P>0.05). The study 
revealed that narrow FM was the most common 
across all classes where the highest percentage was 
in class I (40.3%). The comparison of mean values 
across classes I, II, and III were 74.20, 71.28, and 

74.60, respectively showed a marginal statistical 
significance (p=0.06). In contrast, large FM was the 
least common overall. The highest prevalence in 
class II (50%). Widest range of mean values (91.30 
- 95.11). Overall, no statistically significant differ-
ences were found in FM size distribution across the 
skeletal classes P> 0.05.

Logistic regression for prediction of the skeletal 
class

In this study, a LR model was developed to de-
termine the craniofacial metric variables respon-
sible for the discrimination of skeletal class I and 
II. The equations established by LR is summarized 
in Table 6. The multivariate foreword stepwise re-
gression approach detected integrated four variables 
(sex, sella length, intercondylar distance, and FM 

TABLE (4) Mean and standard deviation of all parameters among different shapes of FM shape, comparison 
between different classes Independent t test:

 

 FM shape

P valueRounded oval Egg tetragonal pentagonal hexagonal irregular

M SD M SD M SD M SD M SD M SD M SD

Age 22.38 4.24 22.25 5.61 21.55 3.50 22.75 4.27 23.33 3.70 22.40 4.74 22.38 5.65 0.99

(Sella width (SW 8.51 1.38 7.65 1.13 7.73 1.14 8.04 73. 8.35 1.50 8.04 1.19 8.51 87. 0.11

(Sella length (SL 9.62 1.32 9.67 1.35 9.12 1.65 8.78 1.94 10.79 2.28 9.93 1.89 10.54 1.67 0.06

FM length a 35.86 3.79 b 41.18 3.62 b 40.47 4.32 b 40.50 3.89 ab 37.72 3.25 ab 37.20 2.46 a 35.85 6.02 *0.0001

FM width 30.12 3.11 30.43 3.84 28.83 2.29 30.16 1.71 29.27 2.71 29.13 2.72 29.87 2.61 0.71

 Inter-condylar
distance

 93.92
ab 5.71 a 96.95 4.73  95.29

ab 3.39  92.10
ab 2.26 ab 93.87 6.70 b 90.94 3.99  95.93

ab 5.19 *0.02

Chin length 31.86 3.82 32.92 3.41 34.01 2.86 31.65 5.35 33.69 3.48 31.80 3.20 33.15 2.56 0.43

Ramus height 52.80 3.57 54.25 6.55 55.43 6.09 49.42 4.56 55.47 4.14 52.88 5.29 54.91 5.46 0.26

 Mandibular
length 78.46 6.07 82.61 5.67 79.37 3.35 81.18 5.97 81.26 3.57 79.44 5.09 81.80 5.66 0.12

Gonial angle 124.29 9.17 125.04 7.80 125.13 7.27 126.48 8.63 125.40 4.59 124.67 7.45 124.54 8.73 0.99

SNA angle 83.93 4.62 85.39 5.34 85.53 7.33 83.34 4.06 85.47 3.69 84.61 7.09 82.41 6.31 0.65

SNB angle 81.61 6.24 81.82 5.55 81.50 4.94 82.66 4.38 82.96 4.01 80.51 5.53 81.42 7.04 0.12

Facial height 116.86 8.78 121.88 7.86 122.12 5.95 115.17 9.07 120.82 6.01 119.39 8.73 122.26 6.57 0.12

*Significant difference as P<0.05; Means with different superscript letters were significantly different as P<0.05; Means 
with the same superscript letters were insignificantly different as P>0.05.
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width). Although the FM width was insignificant, 
it affected the overall accuracy of the model when 
removed. This equation provided a modest overall 
correct classification of 67.44% (73.33% for class 

I, 60.98% for class II) as displayed in Table 7. The 
model diagnostic analysis by the area under ROC 
curves (AUC) of the LRA model was equal to 0.751 
which is considered acceptable (Figure 6).

TABLE (7) Confusion matrix and classification rates 
for skeletal class I and II. 

Predicted

Observed 1 Class 2 Class Correct

1 Class 33 12 %73.33

2 Class 16 25 %60.98

Total %67.44
(86/58)

TABLE (5) Frequency, distribution, mean and standard deviation of different FM size indices among each 
skeletal class:

 Foramen
 magnum

index

Skeletal class  One Way
ANOVA test

P value
(Class I (normal (Class II (protruded (Class III (retracted

N % Mean SD N % Mean SD N % Mean SD

Narrow 29 %40.3 74.20 5.25 27 %37.5 71.28 5.85 16 %22.2 74.60 3.73 0.06

Medium 10 %52.6 83.69 0.98 4 %21.1 83.95 1.57 5 %26.3 83.44 1.54 0.18

Large 6 %30.0 95.11 6.43 10 %50.0 91.30 3.77 4 %20.0 92.84 6.80 0.97

Overall 45 %40.3 79.09 8.83 41 %37.5 77.40 10.18 25 %22.2 79.28 7.98 0.62

TABLE (6) Logistic regression model and estimated odds ratios with confidence intervals

Coefficient B Standard error z p Odds Ratio conf. interval %95

Constant 14.24- 5.33 2.67 0.008 0 0.02 - 0

sex F 2.21 0.73 3.04 0.002 9.08 37.73 - 2.19

(Sella length (SL 0.34 0.16 2.14 0.033 1.41 1.92 - 1.03

FM width 0.15- 0.09 1.65 0.1 0.86 1.03 - 0.73

Inter-condylar distance 0.14 0.05 2.61 0.009 1.15 1.28 - 1.04

Fig. (6) The Receiver-operating characteristic (ROC) curve of 
the model together with the area under the curve (AUC) 
=0.751
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DISCUSSION 

The cranial base, due to its close proximity 
and connection to the facial bones, significantly 
influences the growth and development of various 
facial structures and impacts facial morphology [16]. 
It extends anteriorly from the foramen caecum to 
the basioccipital bone posteriorly. The sella turcica 
splits the cranial base into an anterior and posterior 
compartment, with the anterior compartment 
extending to frontonasal suture, and the posterior 
compartments, extending to FM anterior border, 
known as basion. The anterior compartment 
articulates with the maxilla, while the posterior 
compartments articulate with the mandible. Thereby, 
any alteration in these articulations would change 
the position of maxilla and mandible in relation to 
the cranial base, affecting the skeletal pattern and 
the occlusion type [13]. It has been reported [30] that 
cranial base morphology varies among different 
skeletal patterns, with individuals exhibiting 
skeletal class III tend to have a smaller angle and 
shorter length of the cranial base [16].

Understanding anatomical variation of FM as a 
part of cranial base can provide valuable insights 
in forensic identification and prediction, as well 
as aiding in the ability to diagnose craniofacial 
disorders. Thus, this study investigated the FM 
shape and size variation in relation to AP skeletal 
relation in Egyptian population. As recommended 
by Nanda [31] patients over the age of 18 were only 
included in the study to ensure that most growth 
changes had been completed. 

In agreement with other studies of various 
populations [32,33,34,35,36,37], the most common shape 
of FM observed in our study was oval (26.1%). In 
contrast to this finding other studies [38,39,40] identi-
fied the rounded shape as the most common. Our 
study found that while the oval is the most com-
mon, rounded shape followed it closely, accounting 
for 21.6% of the cases and aligning with Singh, D et 
al.  findings[41]. Additionally, our results concluded 
that oval shape was the most common across all 

skeletal classes. However, the round shape was also 
frequently observed, and showed the highest per-
centage in class III.

Earlier studies [42,43,44] revealed that skeletal 
classes exhibit some cephalometric variations, and 
reported that skeletal class III were more likely 
to have sella turcica bridging compared to class 
I and class II skeletal classes. Consistent with 
our findings, Chou et al. [45] found no significant 
differences in sella dimensions across different 
skeletal classes. Furthermore, our results showed 
that class III exhibited the largest ramus height, 
mandibular length, gonial angle, and facial height 
dimensions despite having insignificant differences. 
This finding aligns with Al Maaitahet et al. [15] who 
reported larger mandibular body length and gonial 
angle in class III individuals. Other studies [13,46,47] 
have also supported these findings. 

The majority of studies [33,34,36,41] have focused 
on measuring the foramen magnum’s length and 
width, primarily for sex prediction. The average 
dimensions reported were approximately 35 mm 
in length and 30 mm in width, [13] confirming that 
the FM is generally larger in males across different 
populations [48,49,50,51]. However, these studies did 
not investigate the relation between FM dimensions 
and AP skeletal relationship. Although these 
dimensions varied across different skeletal classes, 
the differences were not statistically significant. Our 
findings indicate that class III skeletal relationships 
exhibited the largest FM dimensions, while class I 
had the narrowest.-

There are different prediction methods available 
for craniofacial growth such as averages of growth 
increments and the maxillary longitudinal growth 
[52], the facial types [53], and mathematical models 
based on cephalometric data [54,55,56]. Buschang et al. 
[54] evaluated the maxillary and mandibular growth 
using two variables, which are: Mandibular length 
(Ar-Po) and the ramus lenght (Ar-Go). Additionally, 
the mandibular ramus, angle of the skull base and 
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angle of the mandibular plane was employed by 
Baccetti et al, [57] to predict class III. In this study, 
we attempted to predict the skeletal class using a set 
of cranial base measurements. Despite the relatively 
modest accuracy obtained by the model (67.44%), 
the model has potentials to distinguish between class 
I and II using few variables namely gender, sella 
length, foremen magnum width, and intercondylar 
distance. These findings refer to the influence of the 
base of skull development on the skeletal class. The 
cranial base dimensions are essential in determining 
the maxillary length, the condyle positioning, and in 
turn, the mandible [58].

CONCLUSION

Our findings demonstrated that morphological 
evaluation of the FM shape in the Egyptian 
population and the skull measurements didn’t differ 
among different anteroposterior skeletal classes. 
Subtle differences were detected by the LR equation 
indicating limited usefulness for classifying the AP 
skeletal relationship.

Limitations

The male-to-female ratio was low, reflecting a 
smaller number of males in comparison to females. 
The sample size was relatively small, and more 
cases should be added to class III in order to include 
it in the logistic regression analysis.
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