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ABSTRACT

Background: A wide range of medical procedures in the zygomatic region in maxillofacial

surgery,  implantology,  and  aesthetic  medicine  requires  a  detailed  study  of  the

zygomaticofacial  foramen  (ZFF)  due  to  the  high  risk  of  damage  to  its  contents  during

manipulation. This study aimed to estimate the shape, diameter, and location of ZFF and their

relationships with anatomical landmarks.

Materials  and methods: A study was  conducted on  53 dry  adult  human skulls.  Standard

morphometric measurements were taken using sliding calipers. The number, diameter, shape,

and  location  of  ZFF  were  noted on  both  sides,  and the  distances  between  the  ZFF  and

surrounding  anatomical  landmarks  were  measured. Conventional  statistical  methods  were

used to evaluate the data.

Results: Out of 106 sides, no ZFF was noticed in 2.8%, one foramen was found in 40.6%,

two foramina were found in 39.6%, three in  10.4%, four  in 4.7%, and five in  1.9%. The



vertical diameter was 0.98 ± 0.35 mm, while the transverse diameter was 0.87 ± 0.31 mm.

The shape of the ZFF was oval in 67%, round in 26.2%, semilunar in 4.9%, and irregular in

1.9%. The distance from the ZFF to the  infraorbital  margin  was 6.63 ± 2.09 mm,  to the

frontozygomatic suture was 26.24 ± 3.49 mm, to the zygomaticomaxillary suture, was 19.75 ±

3.55 mm, to the zygomaticotemporal suture was 22.31 ± 3.98 mm and, to the most prominent

point of the zygomatic bone was 8.03 ± 2.64 mm. 

Conclusions: The variations  in the number and location of ZFF must be considered while

performing regional block anesthesia, and surgical or aesthetic procedures in the zygomatic

region.    

Keywords:  zygomatic  bone,  zygomaticofacial  foramen,  maxillofacial  surgery,

craniometry, anatomical variation

INTRODUCTION

The  facial  region  of  the  skull  (viscerocranium)  consists  of  bones  housing  vital

structures such as foramina and canals that allow nerves and blood vessels to pass through,

making this area clinically significant. Among the bones of this region, the zygomatic bone

(ZB) or zygoma deserves particular attention.

The ZB is  an important  anatomical  structure in  facial  surgery due to  its  specific

anatomical  location [2,  6,  8].  The facial  surface of the ZB is  convex and pierced by the

zygomaticofacial  foramen  (ZFF).  This  foramen  transmits  the  zygomaticofacial  nerve,

responsible for sensory innervation of the skin over the malar prominence as well as a tiny

blood vessel [4, 6, 21, 22].

The variations of the ZFF in incidence, diameter, and location have been reported in

previous morphological investigations, however, a deeper understanding of these variations

and their impact on surgical planning is still needed.

The clinical applications of understanding the anatomical features of the ZFF are

numerous.  Detailed  knowledge  of  the  ZFF  is  significant  for  the  surgical  treatment  in

maxillofacial procedures, including facial trauma, deformity, cosmetic procedures, and dental

surgery when zygomatic implants are used [2, 5, 6]. Damage to the branches of the zygomatic

nerve and blood vessels during these procedures can lead to subsequent complications such as

loss of sensation or hematomas [14]. 

Moreover, it has been reported, that the ZFF has been used as an anthropological

marker for distinguishing populations and ethnic groups [4]. 



Understanding the anatomic variations of the ZFF such as location, and frequency

may improve surgery and reduce complications or minimize iatrogenic injuries [19, 20, 24]. 

Therefore, this study aims to investigate the anatomical variations of the ZFF in a

sample  of  adult  dry  skulls,  employing  selected  morphometric  methods.  By analyzing  the

location,  frequency,  and  relationship  of  the  ZFF  with  surrounding  structures,  we  seek  to

contribute  valuable  insights  to  improve  surgical  planning  and  minimize  potential

complications.

MATERIALS AND METHODS

Fifty-three well-preserved, contemporary dry adult human skulls (106 hemicrania) of

unknown sex and age were employed in this investigation. The collection of the Institute of

Anatomy, Faculty of Medicine, Comenius University in Bratislava, provided this sample. The

age of the skulls ranged from newly macerated specimens to those stored in the Institute's

collection for up to 30 years. Skulls were precisely selected to exclude specimens with facial

bone deformities, fractures, or other pathological defects.   

The methodology of our research was based on the solid foundations of previous

studies with some modifications. The standard morphometric measurements were performed

with  manual,  and  digital  Vernier  calipers  (Mitutoyo  Co.,  Japan,  accurate  to  0.1  mm.)

according to the recommendations of Martin and Saller (1957) and Knussmann (1988) [12,

16]. All measurements were conducted bilaterally twice, and their average was recorded in

millimeters and arranged to the Microsoft Excel 2019© tables.

Following standardized positioning with the skull in the Frankfort horizontal plane,

each sample experienced a detailed examination of the lateral surface of the ZB. The number

of ZFF was recognized bilaterally.

Both vertical (VD) and transversal diameters (TD) of the ZFF were evaluated.  The

VD was measured from the superior margin to the inferior margin of the foramen, whereas

TD was measured between the medial and lateral margins, respectively (Fig. 1).  

Based on their  VD and TD measurements,  the foramina were classified into two

categories: the main zygomaticofacial foramen (mZFF) and accessory foramina (aZFF). The

mZFF was identified  as  the  foramen with  the  largest  diameters,  while  aZFF denoted  the

presence of additional foramina on a single side. Furthermore, the shape of the mZFF was

evaluated based on the correlation between the VD and TD values, with the following criteria:

1. When the VD and TD values differed by less than 10%, the ZFF was considered

round in shape. 



2. When the VD and TD values diverged between 10-50%, the ZFF was considered

oval. 

3. When the VD and TD values diverged by more than 50%, the ZFF was considered

semilunar.

The lateral surface of ZB was subdivided into nine regions  marked by the Roman

numbers from I to IX with two vertical and two horizontal lines (Fig. 1). Vertical lines were

drawn from the frontomarale orbitale (FMO,  frontozygomatic suture at the orbital margin)

and frontomalare temporale (FMT, most laterally placed point on the frontozygomatic suture)

cranial points. Horizontal  lines from the cranial  points including the zygomaticotemporale

superior  (ZTS,  upper  point  of  the  zygomaticotemporal  suture)  and  zygomaticotemporale

inferior (ZTI, lower point of the zygomaticotemporal suture) cranial points were drawn. The

location of the mZFF was detected according to the regions mentioned above. 

The distances from the mZFF to the nearest point of the infraorbital margin (IOM),

to  the  middle  point  of  the  frontozygomatic  suture  (FZS),  to  the  lowest  point  of  the

zygomaticomaxillary suture (ZMS), to the middle point of the zygomaticotemporale suture

(ZTS) and, to the most prominent point of the lateral surface of the zygomatic bone (ZP) were

established (Fig. 2).

The distances from the mZFF to each aZFF were measured and estimated. All aZFF

were numbered according to their location from the superior to inferior parts of the ZB. 

Further, we estimated the location of the mZFF concerning the ZP according to a

clockwise. An imaginary clock face superimposed on the ZP point was used, and the position

of the foramen was established (Fig. 3).

The statistical evaluation of the data was performed using IBM SPSS Statistics for

Windows, Version 28.0 (IBM Corp., Armonk, NY, USA).  Conventional statistical methods

were  applied  to  data  evaluation  including  average  mean,  standard  deviation,  range,  and

confidential interval.  The normality of the data distribution was assessed using the Shapiro-

Wilk test.  The Chi-Square and Fisher’s Exact Test in contingency tables were performed to

test the relationship between two categorical variables. The paired Wilcoxon Signed Ranks

Test and paired t-test were used for the comparison of measured variables such as diameter

and distances on the left and right sides of the skull.  Statistical differences were considered

when the p-value was less than or equal to 0.05. 

   

RESULTS



 ZFF was detected in 52 of the 53 investigated skulls (103 hemicrania). All foramina

found on the lateral surface of the ZB were described as ZFF and subdivided into mZFF and

aZFF. Among all the samples were estimated 103 mZFF and 85 aZFF.

The number of the ZFF ranged from 0 to 5 (Fig. 4). The most frequent one (single)

foramen was observed in 40.6% and two (double) foramina in 39.6% (Table 1). There was a

statistically significant  dependence in the numbers of foramina between the left  and right

sides (P < 0.001). One sample exhibited bilateral absence of the foramen, and another showed

unilateral absence. An equal number of foramina on the right and left sides was established on

32 skulls, while 21 displayed asymmetry in the number of foramina. Predomination on the

right  side  (more  foramina)  was  detected  on  15 samples,  and the  left  side  on  6  samples,

respectively.  No  statistical  differences  in  the  predomination  of  foramina  were  observed

between the right and left sides (P = 0.123).

The mean of the VD was found to be 0.98±0.35 mm, and the range was 0.32–2.5

mm, while the mean of the TD was 0.87 ± 0.31 mm, and the range was 0.31–2.81 mm (Fig.

5). The predominance of values of VD over TD (VD > TD) was found on 71 hemicrania

(68.9%), and predominance of TD over VD (TD > VD) was estimated on 29 sides (28.2%),

respectively. Only three sides of the 103 investigated hemicrania showed equal meanings of

VD and TD (2.9%). There was a statistically significant dependence between the left and right

sides in the TD (P = 0.04) and no statistical significance in the VD (P = 0.68).  

Variations in the mZFF shape were observed. Oval was the most prevalent shape

(67%), followed by round (26.2%), semilunar (4.9%), and irregular (1.9%) (Fig. 6). Bilateral

symmetry in mZFF shape was found in 39 out of 53 skulls (73.6%). A statistically significant

dependence between the left and right sides regarding mZFF shape was identified (P < 0.001).

The frequency of the location of mZFF according to the regions of the lateral surface

of ZB is shown in Fig 7. Most frequently, mZFF was located in regions number II, IV, and V

in  20.4,  22.3,  and 52.3% respectively.  However,  none of  the  foramina  were  observed  in

regions VII and IX, one foramen occasionally was found in region VIII. The majority of the

ZFF found in regions II,  IV, and V were situated close to the intersection of the anterior

vertical and superior horizontal lines, designated as the A-point (Fig. 7). Twenty-four skulls

exhibited  a  bilaterally  symmetrical  mZFF  location.  There  was  a  statistically  significant

dependence between the left and right sides (P = 0.038).

The distances from the ZFF to the selected surrounding anatomical landmarks were

identified and presented in Table 2. The average mean of the mZFF-IOM distance was 6.63 ±

2.09 mm, the mZFF-FZS distance was  26.24 ± 3.49, the mean of the mZFF-ZMS distance



was  19.75  ±  3.55  mm,  the  mZFF-ZTS distance  was  22.31±3.98  mm,  and  the  mZFF-ZP

distance 8.03 ± 2.64 mm (Fig. 2). The statistical significance between right and left sides was

found to be in mZFF-ZMS (P = 0.001) and mZFF-ZTS (P = 0.03) distances. All  the rest

measured distances did not show statistical significance. 

A total of 85 aZFF were detected across all samples. The number of aZFF on a single

side of the skull ranged from 1 to 4. The mean distance between the mZFF and aZFF was 7.87

± 4.39 mm, with a range of 1.22 mm to 22.00 mm. No statistical significance was established

between the right and left sides (P = 0.32). 

The ZP points were selected as a crucial anatomical landmark due to their palpability

on the face. An imaginary clock face was superimposed on the ZP point. The distribution of

the mZFF location is represented in Fig. 8. On the right side, mZFF was most frequently

located at the 2 o’clock (23.1%), 11 o’clock (25.0%), and 12 o’clock (28.9%) positions. On

the left side, foramina were most frequently detected at the 1 o’clock (25.4%), 11 o’clock

(28.2%), and 12 o’clock (31.1%) positions. No mZFF were observed at the 4, 5, 6, 7, or 9

o’clock  positions  on  either  side.  Our  findings  suggest  that  the  mZFF is  more  frequently

located  superior  (cranial)  to  the  ZP point.  A statistically  significant  difference  in  mZFF

location was identified between the left and right sides (P < 0.001).

DISCUSSION

Knowledge of the ZFF is of crucial importance for practical medicine during surgical

interventions in this area. Previous studies have been conducted using the method of assessing

the foramina on dry skulls [1, 2, 4, 6, 7, 13–15, 17, 18, 24], isolated ZB [19], cadavers [8, 20],

and  through  the  analysis  of  computer  tomography  images  [3,  9,  11].  In  addition,  some

researchers have compared morphometric data obtained from physical examination of dry

skulls or cadavers with data obtained from CT images [5]. The variability in the number of

foramina is most commonly attributed to the embryologic aspects due to different numbers of

ossification centers of the zygoma [24]. 

The presence of aZFF can elevate the risk of damaging the neurovascular structures

of these foramina. The number of ZFF has been a widely researched issue. Previous studies

have reported varying numbers of ZFFs, ranging from 0 to 3 [13], 0 to 4 [4, 5, 7, 9, 14, 15,

18], and 0 to 5 [1, 16, 24]. Nteli Chatzioglou et al. [19] reported a range from 0 to 6 foramina,

while Zhao Y. et al. [24] provided the average number of foramina 1.98 ± 0.93. The most

common number of ZFFs observed was one, which ranged from 30.4% [19] to 53.3% [4].

Two foramina were detected from 12.12% [13] to 32.7% of cases [9], which corresponds to



our investigation. However, most of the previous publications suggest a higher percentage of

the absence of foramina compared to our study, with a range of 21.8%. In contrast, our study

found only a 2.8% absence of foramina, which aligns with the results of the study conducted

by Zhao Y et al. [24]. Mokryk et al. [18] in their study reported no absence of ZFF. 

It has been reported in the literature that the absence of the zygomaticofacial nerve

may occur in the absence of ZFF in such cases, the other branches of the trigeminal nerve join

with  the  zygomaticofacial  nerve  to  provide  sensory  innervation  of  the  malar  skin  [15].

Previous studies have reported statistics on the number of foramina in different ethnic groups,

sexes, or types of skull structure. While some studies have indicated a significant difference

between sexes [9], others have found no significant difference in the number of foramina

between men and women [4, 6].

The diameter of the ZFF serves as a valuable indicator of nerve damage risk during

facial surgery. The data on the ZFF diameter allows us to estimate the potential size of nerves

that  pass  through.  Previous  studies  have  reported  that  there  is  a  correlation  between  the

diameter of the foramen and the development of nerve paresthesia [24].

In our study, we have estimated both VD and TD of ZFF in an average mean of 0.98

± 0.35 mm and 0.87 ± 0.31 mm, respectively. Natalia Bigelli Del Neri et al. [5] reported that

the average diameter of ZFF was 0.57 ± 0.27 mm, ranging from 0.16–1.00 mm. Carvalho et

al. [2] estimated that the mean ZFF diameter was in males 1.083 ± 0.285 mm on the right side

and 1.108 ± 0.311 on the left side, respectively. In females was 1.092 ± 0.265 mm on the right

hemicranium and 1.077 ± 0.278 mm on the left hemicranium, respectively. The rate of the

diameter varied from 0.3 to 1.85 mm [3]. Kawata et al. [9] in their cadaver study (micro-CT

analysis of 52 cadavers) reported: that the mean ZFF diameters were 1.09 mm (SD 0.31 mm)

in males and 1.03mm (SD 0.32 mm) in females. No significant sex-related difference in ZFF

diameter was observed. Coutinho et al. [2] evaluated the VD and TD of ZFF. Although the

authors  did  not  mention  the  exact  data  obtained,  they  reported  that  significantly  higher

vertical diameters were found in the ZFF located on the left side of the skulls. Additionally,

they found no significant correlations between the VD and TD of ZFF.

The  evaluation  of  foramen  shape  is  necessary  for  determining  needle  placement

during  anesthetic  block  administration  [2].  According  to  Coutinho  et  al.  [2],  the  circular

format was the most common shape of the ZFF, accounting for 63.9% on the right side and

50.8% on the left side. They also reported that the oval shape was the second most frequent

shape, which accounted for 36.1% and 49.2% on the right and left sides, respectively. Our

study revealed that the oval shape was the most prevalent for the ZFF, accounting for 67% of



the observed foramina. The round shape was the second most frequent, identified in 26.2% of

the cases. It's important to note that the authors reported that no semilunar shapes of ZFF were

found, which is not consistent with our results (4.9%).

In previous studies, authors have used various methods to define the location of ZFF

on the surface of the ZB. These methods have involved dividing the lateral surface of the ZB

into zones, regions, or sectors. The lateral surface of ZB was divided into four regions using

horizontal  and vertical  lines  drawn across  the  upper  border  of  the  zygomatic  arch  and a

vertical line on the lateral orbital rim [1, 4, 7, 13, 19]. Previous studies have reported that the

ZFF is most frequently located in region “C” — posterior to the vertical line and superior to

the horizontal line.

 In the study by Ferro et al. [6], lines were drawn through the Frankfurt horizontal

plane  and  the  posterior  border  of  the  frontozygomatic  suture.  In  addition,  in  the  study

by Kawata et al. [9], the main reference point for establishing the position of the ZFF was the

line between the craniometric points Ju and ZM.

In our study, we used two horizontal and two vertical lines drawn perpendicular to

the craniometric points, which allowed us to divide the surface of the ZB into nine regions for

a  more  precise  spatial  characterization  of  the  position  of  the  ZFF.  Our  investigation

established that the ZFF was most frequently located in region V, corresponding to the middle

of the lateral surface of the ZB.

Determining the precise location of the foramen is important for facial surgery. Our

research  focused  on  the  relationships  between  the  ZFF  and  surrounding  anatomical

landmarks, including the IOM, FZS, ZMS, and ZTS due to their clinical importance reported

in the literature [1, 2, 19]. Our study found a ZFF-IOM distance of 6.63 ± 2.09 mm, which

aligns with the findings of Nteli Chatzioglou et al. [19]. The literature reports an average ZFF-

IOM distance ranging from 1.2 to 11 mm [8, 14]. Deana et al. [4] observed that this distance

can  vary  depending  on  the  ZFF location.  Regarding  the  ZFF-FZS distance,  our  research

established an average of 26.24 ± 3.49 mm, similar to the findings of Aksu et al. [1]. Hwang

et al. [7] reported a smaller average mean of distance 24.4 mm, whereas Coutinho et al. [2]

obtained a distance of 27.49 mm. Previous studies reported an average ZFF-ZMS distance

ranging from 17.50 mm to 20.05 mm [2, 13]. Our study established an average of 19.75 ±

3.55 mm. The distance between ZFF and ZTS was 22.31 ± 3.98, which is consistent with the

data of Coutinho et al. [2].

Previous studies have investigated the distances between the ZFF and other selected

anatomical landmarks. Hwang et al. [7] reported that the ZFF was located 7.3 mm lateral and



3.7 mm inferior to a point (P) defined by the intersection of a line drawn along the upper

border of the zygomatic arch and a vertical line on the lateral orbital rim. Additionally, the

ZFF was found to be located 11.0–13.0 mm from the zygomatic angle [7, 17]. In our study,

we  observed  that  most  mZFF  were  situated  close  to  a  newly  defined  reference  point,

designated as the A-point (see Fig. 7). However, no measurement of the distance between ZFF

and this point was undertaken in our study.

Kawata et al. [9] established that the location of ZFF, which is relevant to zygomatic

implant treatment, could be determined by selecting a reference line connecting the Jugale

and Zygomaticomaxillare cranial points. The average distance was found to be 12.36 ± 1.52

mm (for males) and 11.48 ± 1.61 mm (for females). The study by Nteli Chatzioglou [19]

measured  the  distance between ZFF and the  maxillary  process  of  Zygomatic  Bone (ZB),

which was determined to be 21.56 ± 4.16 mm.

A significant question concerns identifying or predicting the ZFF location in living

individuals. Our study examined this further by investigating the location of the ZFF relative

to the ZP, the most lateral  point  on the lateral  surface of the ZB. This  easily identifiable

landmark makes the ZP a simple and reliable reference point for ZFF localization in clinical

settings.  The distance from this point to the ZFF was measured, which was 8.03 ± 2.64 mm

and the range was 2.75–15.0 mm. Furthermore, we assessed the foramen's relative position

using an imaginary clock face superimposed on the ZP. The analysis revealed that on the right

side, the ZFF was most frequently located at the 2 o’clock (23.1%), 11 o’clock (25.0%), and

12 o’clock  (28.9%) positions.  Similarly,  on  the  left  side,  foramina  were  most  commonly

detected at the 1 o’clock (25.4%), 11 o’clock (28.2%), and 12 o’clock (31.1%) positions.

During surgery in the zygomatic region, the presence of aZFF can increase the risk of

nerve damage. Previous studies [1, 17] have highlighted this possibility and urged surgeons to

take  precautions  to  avoid  injuring  these  nerves.  However,  only  one  study  has  provided

information on the location and distance of aZFF concerning the main foramen. Martins et al.

[17]  reported  that  in  cases  where  multiple  zygomaticofacial  foramina  were  present,  the

openings  were  arranged along a line  parallel  to  the  orbital  margin.  The average  distance

between multiple foramina was 0.5 cm (range 0.1–1.3 cm). Our study established that the

average distance between mZFF and aZFF was 7.87 ± 4.39 mm, with a range of 1.22 to 22.00

mm. Although there is still a lack of data on the exact location of aZFF, this information can

be helpful for surgeons to plan their procedures and minimize the risk of nerve damage. 

 

CONCLUSIONS



The presence and contents of the ZFF contribute to the clinical significance of the

zygomatic region. The variations in the number and location of ZFF must be considered when

managing regional block anesthesia, carrying out surgical procedures, or performing aesthetic

treatments in the zygomatic region, especially close to the infraorbital margin. Neglecting this

crucial aspect can lead to complications and unwanted results and consequences that could

have been avoided with proper consideration.

Our study of  the  ZFF and its  variations  could  contribute significantly to  clinical

medicine due to the detailed analysis of the foramen, including its shape, location, size, and its

relationships with the surrounding anatomical landmarks.
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(95%)
mZFF-IOM Right 52 6.52 ± 1.95 3.39–12.75 5.98–7.06 0.56*

Left 51 6.74 ± 2.24 2.75–13.75 6.11–7.37
Overal
l

103 6.63 ± 2.09 2.75–13.75 6.16–7.0

mZFF-FZS Right 52 26.32 ±
3.32

20.25–
34.78

25.39–27.24 0.9*

Left 51 26.16 ±
3.70

17.5–34.0 25.12–27.20

Overal
l

103 26.24 ±
3.49

17.5–34.78 25.56–26.92

mZFF-ZMS Right 52 19.46 ±
3.45

9.36–26.7 18.50–20.43 0.001*

Left 51 20.03 ±
3.66

9.6–29.76 19.00–21.06

Overal
l

103 19.75 ±
3.55

9.36–29.76 19.05–20.44

mZFF-ZTS Right 52 22.82 ±
4.29

13.27–
33.11

21.62–24.02 0.03**

Left 51 21.78 ±
3.61

11.92–28.1 20.76–22.79

Overal
l

103 22.31 ±
3.98

11.92–
33.11

21.53–23.08

mZFF-ZP Right 52 7.92 ± 2.66 3.84–13.84 7.18–8.66 0.66**

Left 51 8.14–2.64 2.75–15.0 7.39–8.88
Overal

l

103 8.03 ± 2.64 2.75–15.0 7.51–8.54

*Wilcoxon Signed Ranks Test and paired t-test, **Paired t-test.



Figure 1. Regions on the lateral  surface of the ZB (I-IX) and measured diameters of the

mZFF. FMO — frontomalare orbitale;  FMT — frontomalare temporale; TD — transverse

diameter;  VD  —  vertical  diameter;  ZTI  —  zygomaticotemporale  inferior;  ZTS  —

zygomaticotemporale superior; 



Figure 2. Measured distances (mm) from the mZFF to selected anatomical landmarks and

their  corresponding  average  values. FZS  — frontozygomatic  suture;  IOM — infraorbital

margin;  ZFF  — zygomaticofacial  foramen;  ZMS  — zygomaticomaxillary  suture;  ZP —

zygomatic prominence; ZTS — zygomaticotemporal suture;



Figure  3. The  relative  position  of  the  mZFF to  the  ZP is  illustrated  using  a  clock  face

representation. ZFF — zygomaticofacial foramen; ZP — zygomatic prominence.



Figure 4. The number of identified mZFF (marked by black arrowheads).



Figure 5. The statistical distribution of the mZFF diameters. The upper graph depicts the TD

(mm), and the lower graph represents the VD (mm).



Figure 6. Various shapes of the mZFF (circled in black on the left) and their corresponding

frequencies (number and percentage) are shown on the right.

Figure  7. The  distribution  of  the  mZFF  across  designated  regions  (I–IX)  of  the  ZB  in

percentages. Point A refers to the intersection of the superior horizontal and anterior vertical

lines on the lateral surface of the ZB. Notably, the majority of foramina are located in regions

II, IV, and V, concentrated near point A.

Figure 8. The distribution of the mZFF location relative to the ZP is depicted using a clock

face representation. The frequency of foramen position is presented as both percentages and

numbers.


