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Abstract

Background: The aim of the study was to describe the comprehensive morphological and

morphometric features of the foramina and canals at the base of the cranial cavity in Holstein

cow using CT images.

Materials  and methods: The  study was performed on fourteen  adult  Holstein cow head

cadavers. Images taken with MSCT were transferred to the DICOM Viewer program. The

MPR and 3D reconstructive tools of the program were used to  analyse the foramina and

canals.  Results: Although they varied in shape and size,  foramina and canals were found

bilaterally in all animals. It was observed that the orbitorotund foramen, jugular foramen and

oval foramen had a canalicular  structure,  with the distance between the extra-intra cranial

openings measured as 15.0 mm, 5.9 mm and 6.2 mm, respectively. The hypoglossal canal,

which was found to be single in 43%, double in 50% and triple in 7% in each body half, was

the canal with the most variation in number and shape. The orbitorotund foramen, a canal

with an area of 180.6 mm2 and a diameter of 18.1 × 12.4 mm is the widest at the skull base,

while  the  optic  canal  is  the  narrowest  and longest  opening with  an  area  of  33.4  mm2,  a

diameter of 8.4 × 5.5 and a length of 17.5 mm.
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Conclusions: This study shows that our knowledge of skull base morphometry in animals is

extremely limited. Although the study was conducted on a limited number of materials, it may

benefit  both  regional  anatomy  knowledge  in  terms  of  the  data  presented  and  veterinary

anatomists, radiologists and clinicians in terms of methodology.   

Keywords: cattle, cranial fossa, cross section anatomy,  morphometry, optic canal

INTRODUCTION

The base of the cranial cavity  (the basis cranii interna) is divided into three fossae: rostral

(the  fossa  cranii  rostralis),  median  (the  fossa cranii  media)  and caudal  (the  fossa  cranii

caudalis). Cranial fossa (fossa cranii) contains foramen and canals for the passage of cranial

nerves, which show structural changes in animal species [1, 15]. In cattle, rostral cranial fossa

contains cribriform plate (lamina cribrosa), optic canal (canalis opticus, OC), and ethmoidal

foramen  (foramen  ethmoidale) on  the  lateral  wall,  and  middle  cranial  fossa  contains

orbitorotund foramen (foramen orbitorotundum, ORF) and oval foramen (foramen ovale, OF).

Caudal  cranial  fossa  contains  jugular  foramen  (foramen  jugulare,  JF),  hypoglossal  canal

(canalis n. hypoglossi, HC), and internal auditory canal (meatus acusticus internus, IAC) on

the lateral wall [32, 45].

The  shape,  location,  relationship  with  neighboring  structures,  variations  and  asymmetric

development and morphometric features of the foramina and canals in the cranial fossa on dry

skulls or cross-sectional images in people of different ages, genders and races were widely

presented [3,  4,  11,  12,  44].  The topographic structure of JF and OF on the dry skull  of

primates was defined and the diameters of the relevant foramina were measured [6]. The area

of JF was determined in the dry skull of bison, macaque, dog, fox and rat [51], and the area of

HC was determined in the same species and rabbit [50]. Using CT images, the localization of

the  chiasmatic  sulcus  (sulcus  chiasmatis),  its  angle  with  some bone points  [22],  and the

volume of the JF were determined in the dog [43], and the diameter of the trigeminal nerve

canal  and OF and the  distances  between the  foramina  were measured  in  the  rabbit  [20].

Single,  double,  triple  or  quadruple  HCs  were  detected  in  some  samples  of  dog,  rhesus

monkey, cat,  rabbit  and rat  skulls  [34,  50].  As a result,  it  can be said that  studies on the

relevant subject in animals are limited in terms of both scope and species. Knowing the size,

location and relationships of foramina and canals at the skull base may be important in species

and sex determination, zooarchaeology, clinical applications and evaluation of neurological
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disorders [35, 37, 42, 43]. Although the general  morphological  features of the anatomical

structures in the base of the cranial cavity in cattle have been described in detail, information

about their morphometric features is extremely limited. Veterinary-specific CT devices, which

have come into use in the last 10 years, allow imaging of many body parts in large animals,

and analysis and clinical evaluations can be made on the images taken from these devices

[46].  However,  successful  evaluation  of  these  images  depends  on  radiological  and

morphometric information of the relevant region.

The locations of cranial nerves and foramen have been comparatively demonstrated on MRI

and CT images in the horse [9, 18], cat [17] and dog [8, 39]. There are very limited studies

reporting the morphometric features of these structures in domestic mammals, especially in

cattle.  There is  also no study describing  the anatomical  features  and dimensions  of these

structures  on  CT images.  The  aim  of  this  study  is  to  determine  the  morphological  and

morphometric features of the foramina and canals at the base of the cranial cavity by using CT

images in Holstein cow and to create normative data.

MATERIALS AND METHODS

Subjects

In  the  study,  14  female  Holstein  cow heads  (age  range,  1.5–8  years)  obtained  from the

slaughterhouse were used.  G*Power (version 3.1.9.7) software was used to  determine  the

number of materials (type 1 error probability (alpha) = 0.05, power (1-beta) = 0.80, effect size

(dz) = 0.71). The heads of healthy animals were taken after clinical examinations carried out

by the slaughterhouse veterinarian. All procedures were carried out with the permission of the

Selçuk  University  Faculty  of  Veterinary  Medicine Experimental  Animal  Production  and

Research Center Ethics Committee decision numbered 2022/96.

Computed tomography scans and evaluations

Fourteen heads were scanned perpendicular to the hard palate in the rostrocaudal direction

with MSCT (Siemens Dual Source, Somatom Definition Flash, Forheim, Germany) within 24

hours following decapitation (kV: 140, mAs: 475–500, matrix: 512 × 512 and slice thickness:

0.6 mm). The images were evaluated by two authors (XX and XX) with 14 and 16 years of

radiological  experience,  respectively,  for  compliance  with  the  study  criteria  (disease,
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asymmetric development and anomaly). 0.5 mm axial reformate data sets of 14 animals that

met the appropriate criteria for the study were created and archived in Digital Imaging and

Communication in Medicine (DICOM) format. 

Morphological and morphometric examinations

DICOM data were transferred to a desktop computer with high processing power and screen

resolution  (4K,  28  inch,  Samsung,  Suwon,  South  Korea).  RadiAnt  DICOM  Viewer

(Medixant,  Poznań,  Poland)  software  was  used  for  morphological  evaluation  and

morphometric parameters. DICOM data sets of each animal were transferred to the program

and necessary  examinations  and measurements  were carried  out  on  the  images  using  3D

model  tool  and the Multiplanar  Reconstruction  (MPR) tool  of the program (Fig.  1–3).  In

addition,  Dicom data were transferred to the MIMICS (Interactive Medical Image Control

System, ver: 21.0, Materialise, Leuven, Belgium) program and 3D models of each foramina

and canal were created and their morphological structures were evaluated (Fig. 4).

The foramina (ORF, OF, JF) and canals (OC, IAC, HC) at the base of the cranial cavity were

evaluated  in  terms  of  presence,  number,  location  and  shape.  In  Holstein  cow  heads,

perpendicular maximum diameters and areas of the foramina and canals at the skull base were

measured  and diameter  indices  were  calculated  (Fig.  1D).  In  foramen measurements,  the

position of the relevant structure was first determined in the transverse cross-sectional image.

Then, planes passing through the center of each of these foramina, parallel and perpendicular

to the long axis, were created on sagittal or dorsal plane images. Two perpendicular diameters

and areas of the foramina were measured on the narrowest cross-sectional image where the

cross-section of the foramen was completely surrounded by bone. In canal  measurements,

planes parallel and perpendicular to the long axis of the canal were created, and the narrowest

point  (approximately  the  middle  third)  where  the  canal's  cross-section  was  completely

surrounded by 360° bone was determined and the relevant parameters were measured. The

area analysis  was performed using the freehand tool  of the program (bone boundary was

drawn by hand) (Fig. 1A–D) [2, 4, 5, 27, 40, 53]. If the foramen or canal was formed more

than once, the largest foramen was measured to determine the size. Berlis et al. [4] and Ten et

al. [47] were used as reference for angle measurements between the median line and the OC,

ORF and OF axis. In this context, angular measurements were made by obtaining dorsal plane

CT images of 10° for OC, 0° for ORF, and –30° for OF (Fig 1A-B). While determining the
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canal lengths, planes passing through the center of the canal parallel and perpendicular to the

long axis were created in the dorsal plane CT images. The first extracranial opening of the

canal, surrounded by 360° bones, was determined, and the last intracranial  opening of the

canal,  surrounded by 360° bones,  was determined by visualising  cross-sections  along the

backward canal. The distance between these two openings was measured as the canal length

(Fig.  1A).  In  IAC measurement,  the  distance  between the  midpoint  of  the  plane  passing

through the  level  of  the  bone walls  of  the  opening of  internal  auditory  canal  (the  porus

acusticus internus) and the transverse crest was measured on dorsal plane CT images [4, 53]. 

All evaluations were performed at a constant contrast, brightness, dim light and bone window

setting (window level 300 HU and window width 2800 HU). Measurements were carried out

independently  by  a  professor  of  veterinary  anatomy  (XX)  with  16  years  of  radiology

experience,  and  after  half-day  training,  by  a  doctor  (XX)  with  11  years  of  anatomy

experience, and a PhD student (XX). The measurement of each parameter was repeated three

times to minimize measurement error and deviation. Then, statistical analysis was performed

by taking the arithmetic mean of these data. Measurement values were defined in millimeters

(mm) and presented as mean ± SD. Anatomical structures were named according to classical

anatomy books [32,  45]  and Nomina Anatomica  Veterinaria  [31].  Anatomical  expressions

were given according to English terminology. All anatomical structures were labeled using

Adobe Photoshop CC 2015.5 (Adobe system, San Jose, CA, USA).

Statistical analysis

SPSS package  program (version  29.0,  IBM Corp.  Armonk,  NY,   USA) was  used  in  the

statistical  analysis  of the data obtained in the study. Descriptive statistics  (mean,  standard

deviation,  minimum  and  maximum  number)  were  given  for  categorical  and  continuous

variables in the study. The assumption of normality was checked by the Shapiro–Wilk test,

and the homogenity of variances was checked by the Levene’s test. Differences between the

parameters of the right and left foramina and canals were determined using Paired-Samples t

Test  (normally  distributed  data)  and  Wilcoxon  test  (non-normally  distributed  data).  The

relationship  between  two  continuous  variables  was  evaluated  with  Pearson’s  Correlation

Coefficient and, in cases where parametric test prerequisites were not met, with Spearman

Correlation Coefficient. P < 0.05 and p < 0.01 levels were considered statistically significant.

95% confidence  intervals  of the results  of  three researchers  were calculated  to  test  inter-

5



researcher reliability (Intraclass Correlation Coefficient (ICC)). Although an ICC above 0.75

is ideal, it is accepted that this coefficient varies between 0 and +1 [26, 29].

RESULTS

In this study, an average of 1066 ± 42 (998-1132) 0.5 mm thick CT section images of 14

female Holstein cows aged between 1.5 and 8 (mean: 5.43 ± 1.69) were analysed. Diameter

and area measurements, canal length and angle measurements of a total of 84 foramina and 76

canals were successfully performed on CT images. The parameters of the foramina and canals

are presented in Table 1.  The relationships  between foramina and canals are  presented in

Table 2. As a result of the examination, ORF, OF, JF, OC, IAC and HC were observed on both

sides of the head in all animals, although their shapes and sizes varied (Fig. 2, 3). ICC values

of foramina and canals are given in Table 1. In all measurements, inter-researcher agreement

was found to be statistically significant (p < 0.05). The ICC values of the foramina and canals

of the right body half ranged between 0.75 and 0.99 (mean: 0.91), and the values of the left

body  half  ranged  between  0.63  and  0.98  (mean:  0.89).  ICC  values  were  above  75%,

representing perfect agreement in foramen and canal measurements,  except for the shorter

diameter of internal auditory canal (SDIAC) measurement (0.63, lower bound: 0.17; upper

bound: 0.86) (Table 1). 

Orbitorotund foramen

The orbitorotund foramen (ORF) was in the form of a 15 mm long canal connecting the

middle cranial fossa to the pterygopalatine fossa, wide in the rostral and caudal sections and

narrower in the middle section, with the dorsol and medial walls shaped by the presphenoid

bone and the ventral and lateral walls shaped by the basisphenoid bone (Fig. 2–4). The caudal

opening was triangular and the rostral opening was vertical oval shaped. The canal wall was

adjacent to the sphenoid sinus (60.7%) medially and the frontal sinus (60.7%) dorsally (Fig.

2a,a’ and 1d). It was determined that this canal reached the orbital floor in the rostrolateral

direction, moving away from the median line at an angle of 19.7 ± 2.2° on the right and 20.3 ±

2.5° on the left in the dorsal section. With these dimensions of the canal, which had a diameter

of 18.1 × 12.4 mm and an area of 180.6 mm2, it was the largest opening at the base of the
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cranial cavity (Fig. 2, 3). Except for longer diameter of orbitorotund foramen (LDORF) and

canal length, all other parameters were observed to be greater on the left (p < 0.05) (Table 1).

Oval foramen

The oval foramen (OF) was observed in transverse sections between the wing and pterygoid

process of the basisphenoid bone,  close to  the border  of the sphenosquamous sutura,  and

between the base of the hypophyseal fossa and the dorsum sellae (Fig. 2b,b’). The OF was

adjacent to the auditory tube ventromedially. The OF was in the form of an oval-shaped canal,

5.9 mm long, at an angle of 19.6°, symmetrically observed on dorsal plane images (the angles

of –30°) (Fig. 1, 4), except in 2 animals (14.3%) (Fig. 2b,b’) (Table 1). Consequently, the

ORF had a rostro-ventrolateral axis. In 2 animals (140.3–156.7 mm2), it was observed as a

rather  larger  foramen  than  the  others  (Fig.  2b,b’).  A positive  correlation  was  observed

between  longer  diameter  of  oval  foramen  (LDOF) and shorter  diameter  of  oval  foramen

(SDOF) (p = 0.001, r = 0.878) (Table 2).   

Jugular foramen

Transverse  CT images  showed that  the  jugular  foramen  (JF)  was  located  at  the  level  of

mastoid process. It was in the form of a narrow channel in the middle part, 6.2 mm long, on

the  petrooccipital  synchondroses  in  the  caudal  cranial  fossa  (Fig.  4).  The  JF  was

symmetrically located in a rostroventral direction, which was shaped by the jugular notch of

2/5 of the temporal bone and 3/5 of the occipital bone (Fig. 2d,d’ and 3b). JF was half-moon-

shaped in 85% of the animals and shuttle-shaped in 15%. The intracranial opening of JF’s,

intracranial opening of internal auditory canal in rostrodorsally was on the same line as HC's

intracranial opening in caudoventrally (Fig. 3b). It was observed that the JF opened into the

petrooccipital  fissure  along  with  the  rostrocaudal  petrooccipital  canal  (the  canal  in  sinus

petrosus ventralis) (Fig. 2d and 3b). A positive correlation (p = 0.04, r = 0.538) was detected

between longer diameter of jugular foramen (LDJF) and LDORF (Table 2). 

Optic canal
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The optic canal (OC) were observed to move symmetrically away from each other and reach

the orbit in dorsal plane images (the angles of 10°) on the presphenoid bone (Fig. 1, 4). In this

images, the angle between the canal and the midline was 42.7 ± 3.3° on the right side and 43.0

± 2.9° on the left side (Fig. 1b; Table 1). As a result, the OC had a rostro-dorsolateral axis. In

images  that  are  perpendicular  to  this  axis,  the  canal  was  observed  to  be  dorsoventrally

flattened at the beginning (chiasmatic sulcus level) (Fig. 1c) and teardrop-shaped along its

entire  length  rostrally  (Fig.  1d,  e).  It  was  observed that  the  OC was  separated  from the

sphenoid (82.1%) and frontal (17.8%) sinuses by a thin bone wall (Fig. 1). With a canal length

of 17.5 mm, it was the longest canal at the base of the cranial cavity (Table 1). A positive

correlation was found between index of optic canal (OCI) and index of orbitorotund foramen

(ORFI) (p = 0.03, r: 0.559). 

Internal auditory canal

The  internal  auditory  canal  (IAC)  was  a  canal  with  an  intracranial  opening  (the  porus

acusticus internus) located in the middle partion of the medial surface of the petrous part. In

the paramedian sections, the opening of IAC was in the shape of a half-moon and a triangle,

and in the lateral sections, the canal narrowed and extended to the transverse crest (Fig. 3B). It

was observed that the right and left the opening of IAC were positioned opposite to each other

in the transverse section (Fig. 2, 4). In the dorsal, transverse and paramedian cross-sectional

examinations, the rostral facial canal located at the base of the canal and the ventrolateral area

cochlea  and  laterodorsal  area  vestibularis  superior  were  clearly  observed  (Fig.  2c,  c’).

Morphometric data of the canal are shown in Table 1. Shorter diameter of internal auditory

canal (SDIAC) and index of internal auditory canal (IACI) were found to be greater on the

left (p < 0.05). IAC was similar to HC with a canal length of 7.8 mm (Table 1). 

Hypoglossal canal

The hypoglossal canal (HC) connecting the caudal cranial fossa and the ventral condyloid

fossa showed the most variation in number and shape (Fig. 2e, e’). It was determined that it

consisted of a single bilateral canal in 4 animals, a double canal on the right and a single canal

on the left in 2 animals, a single canal on the right and a double canal on the left in 2 animals,

a double bilateral canals in 5 animals, and three bilateral canals in 1 animal (Fig. 3, 4). It was

observed that the most caudal canal in all animals examined had a larger diameter than the

others. In 3 animals, it was observed as a rather large opening due to the dorsal junction of the
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canal with the condylar canal. Diameter, area and length were not measured in these animals.

The results of morphometric analyses of the canal are shown in Table 1. A positive correlation

was observed between shorter diameter of hypoglossal canal (SDHC) and longer diameter of

hypoglossal canal (LDHC) (p = 0.001, r = 0.961) (Table 2).

DISCUSSION

This study provided a comprehensive description of the morphological  and morphometric

features of the foramina and canals in the base of the cranial cavity in cattle, which have not

been previously described in the veterinary literature. All morphometric analyses in the study

were performed by three different researchers and the results were presented as mean ± SD.

As a result of ICC, it was determined that all values were above 0.75 except the SDIAC. This

data shows that the morphometric analyses were repeatable (Table 1). In the current study,

shorter diameter of orbitorotund foramen (SDORF), area of orbitorotund foramen (AORF),

ORFI and ORF angle  were found to be larger  on the left  in opening measurements,  and

SDIAC and IACI in canal measurements (p < 0.05) (Table 1). In the base of the cranial cavity,

the longest canal with the smallest diameter and cross-sectional area was OC, and the opening

with the largest diameter and cross-sectional area was ORF. OF had the shortest canal length.

Morphologically, HC was the most asymmetrical canal (Fig. 2e,e’ and 3b), and OC was the

most symmetrical canal in terms of right and left dimensions. It was observed that ORF (pre-

basisphenoid bones) and JF (occipital and temporal bones) were formed between two bones

within the basal foramen (Fig. 2 and 3). 

In  cattle,  the  ORF  has  been  defined  as  a  large  foramen  located  at  the  junction  of  the

basisphenoid bone and the presphenoid bone (middle cranial  fossa) [1, 32]. This foramen,

which is present in pigs and ruminants, has been described in classical sources [1, 21, 32] as

the equivalent of the f round foramen, orbital fissure and trochlear foramen in the horse. In

deer (Hippocamelus bisulcus), the ORF is divided into two compartments, dorsal and ventral

[33]. In the present study, the ORF was observed as a smooth-walled canal with a triangular

intracranial  opening and a  vertical  oval  orbital  opening,  bounded by the pre-basisphenoid

bone as described in the literatüre (Fig. 2a and 3a). It was the largest opening at the base of

the cranial  cavity with a length of 15.0 mm, a diameter of 18.1 × 12.4 mm and a cross-

sectional area of 180.6 mm2, neighbouring the sphenoid and frontal sinus (Fig. 2a, a’ and 3a).

The ORF was found to be larger on the left in terms of some morphometric data (Table 1).
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Similar asymmetry was reported in the round foramen in humans [3]. In morphometric studies

on humans, the foramina at the base of the cranial cavity were described as canal-like when

the distance between the intra- and extracranial walls exceeded 2 mm [14, 44]. We believe

that the ORF, which is narrow in the middle part and has a wider opening in the caudal and

rostral parts, can be defined as a canal in Holstein cattle (Fig. 2, 4).   

In humans, the OF is located in the middle cranial fossa, behind the wing of the sphenoid

bone. Although the foramen has different shapes such as round, semicircular, pear, almond,

slit, irregular, etc., the most common shape is oval [11, 44]. It has been reported that the OF

can sometimes be double shaped and sometimes partially divided by a bone curtain [4]. In the

New Zealand rabbit, a positive correlation (r = 0.54) was found between the diameter of the

OF and body weight [20]. In the dog, the OF was described as a large opening that directly

leaves the cranial cavity, caudolateral to the round foramen, anterior to the basisphenoid bone

[15, 45]. In the horse and pig, it was defined as the notch (incisura) on the caudal edge of the

basisphenoid bone, lateral to the foramen lacerum. In ruminants, it was described as a single

large foramen located at the base of the basisphenoid bone [21, 32]. Hillmann [21] reported

that the OF in sheep is slightly rostral compared to its position in cattle. In our study, the OF

observed in  transverse  sections  at  the  level  of  dorsum sella  was symmetrical  (p  > 0.05),

smooth-walled and oval with a diameter of 11.3 × 7.4 mm and an area of 69.4 mm2 (Table 1).

The OF was observed as a rostro-ventrolateral directed canal with a length of 5.9 ± 1.5 mm in

12 (85.7%) animals (Fig. 1, 4) and as a wide opening in 2 (14.3%) animals (Fig. 2b, b’), much

larger than the average (18.4 × 10.4 mm, 148.5mm2) compared to other animals. There was no

correlation between the OF and other morphometric data except its own measurements (Table

2). Our results regarding the location and shape of the OF are generally compatible with the

literature.   

The JF is located ventrolateral  to the caudal cranial fossa and provides the passage of the

vagus group nerves and some vascular  structures.  The formation of this  foramen,  located

caudal to the petrooccipital fissure, shows some differences between humans and domestic

mammals. In horse and pig, this fissure is wide. Therefore, it is called foramen lacerum. In

these species, caudally of foramen lacerum is also called jugular foramen (JF) or foramen

lacerum aborale. In carnivores and ruminants, this fissure is narrow, its rostral end forms the

petrooccipital canal (the canal of the sinus petrosus ventralis) and its caudal end forms the JF

[1, 10,  15, 31,  32]. In carnivores and ruminants,  JF is  formed by the combination of the

jugular  notch  of  the  occipital  and  temporal  bones  [10,  25,  31].  In  humans,  the  JF  is  an
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irregular foramen divided into two compartments known as the pars nervosa anteriorly and

the  pars  vascularis  posteriorly  by  a  bony  protrusion  extending  between  the  temporal  or

occipital  bones  [36,  49].  A similar  condition  has  been shown in  primates  [6]  and in  the

Mongrel dog, rat and macaque [51]. In the present study, the JF was observed as half-moon

(85%) or shuttle-shaped with smooth walls, which were formed by the jugular notch of 2/5

the temporal bone and 3/5 of the occipital bone (Fig. 2d, d’ and 3b), in accordance with those

reported for Cattle. Contrary to what was reported in human, primate, dog and rat, no bone

protrusion was observed dividing the opening intracranial JF. In European bison (n = 67), the

area of the JF was determined to be 45.6 mm2 on the right  and 51.2 mm2 on the left  in

females, while it was 47.2 mm2 on the right and 51.3 mm2 on the left in males. In the Holstein

breed, these values were measured as 76.5 and 74.1 mm2 on the right and left, respectively.

The observation of an approximately 50% difference between two species of the  Bovidae

family  may  be  due  to  the  size  difference  of  the  species  and  may  be  largely  due  to  the

methodological difference used in the studies.

In domestic mammals, OC is the canal between the chiasmatic sulcus and the optic foramen

in the rostral cranial fossa where the optic nerve and the accompanying meninges and internal

ophthalmic  artery  are  located  [21,  25,  32].  The chiasmatic  sulcus,  where  the  intracranial

openings  of  the  canal  are  located,  is  deep  in  equus  and  ruminant,  but  quite  shallow  in

carnivores [32]. In the rabbit, the OC and chiasmatic sulcus are replaced by a large foramen

that  communicates  with  both  orbits  simultaneously  [1].  In  humans,  the  OC  is  an

asymmetrically shaped canal in the middle cranial fossa, in the upper part of the sphenoid

bone  body,  extending  towards  the  orbital  wall,  adjacent  to  the  sphenoid  sinus  [4,  49].

Bekerman  et  al.  [2]  reported  that  the  lumen  of  the  canal  in  adults  is  usually  circular,

sometimes oval or triangular, with a mean length of 7.82 mm and across-sectional area of 6.6–

25.5 mm2. In a CT study of 335 individuals, the mean canal length was determined as 5.61

mm, diameter 3.28 mm, and cross-sectional area 11.84 mm2 [53]. In another study using CT

images, the mean maximum-minumum diameter and cross-sectional area in the middle part of

the OC were measured as 5.1 × 3.97 mm and 15.78 mm2, respectively [41]. In the present

study, the intracranial opening of the canal was dorsoventrally flattened (Fig. 1c) and the apex

was observed as a medially directed teardrop along its rostral course (Fig. 1e). The canal was

adjacent to the sphenoid sinus (if present) and frontal sinus (Fig. 1). The canal diameters,

length  and area  measurements  in  Holstein  cow were 8.4 × 5.5,  17.5 mm and 33.4 mm2,

respectively  (Table  1).  The  results  of  the  study  show  that  the  OC  in  Holstein  cow  is
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morphologically similar to humans and morphometrically higher than humans. Ichikawa et al.

[22] reported that the angle between the optic chiasma and the right-left lacrimal–zygomatic

joint  was  93.74°  in  brachycephalic  dogs,  67.87°  in  mesocephalic  dogs,  and  61.05°  in

dolichocephalic dogs. In humans, Ten et al. [47] reported the angle between OC and median

plane as 39.3°, Berlis et al. [4] 39.1°, Cheng et al., [7] 45.3° (right), 44.2° (left), Zhang et al.

[52] 43.2°,  Park et  al.  [38] 39.9°.  In cattle,  the angle  between the OC (AngOC) and the

midline axis (42.9°) can be said to be similar to humans (Table 1).

In domestic mammals, the IAC is a short canal with an opening called the porus acusticus

internus at the level of the medial surface of the petrous part and terminates with a blind end

(the fundus meatus acusticus internus). Cranial nerves (VII-VIII) course within the canal [21,

25, 32]. Barone [1] reported that the IAC is relatively narrow in the horse and its opening has

a triangular shape, whereas in the donkey it is less deep and its opening is oval shaped. In

humans, it is a cylindrical, bud and funnel shaped canal, usually symmetrically located [3,

24]. In the present study, the opening of IAC (the porus acusticus internus) was observed as

triangular or half-moon shaped in paramedian sections (Fig. 3b). Kobayashi and Zusho [24]

reported the posterior wall length of the IAC as 8.7 mm on radiographs in humans, and El

Sadik and Shaaban [13] reported the canal length as 7.00 mm on CT images. In another study

[4] performed on axial and coronal CT images, canal lengths were measured as 10.38 and

11.98 mm, respectively. The results of this study using 14 animals show that Holstein cows

and humans are similar in terms of canal length (Table 1). 

In domestic mammals, the HC is formed in the lateral part of the occipital bone, between the

paracondylar  process and occipital  condyle,  and connects  the cranial  cavity to the ventral

cranial  fossa.  The canal  contains  the  nerve  of  the  same name,  the  emissary  ven and the

condylar artery except the carnivore. The HC has been described as a single canal represented

by a large foramen in the horse, usually double in cattle, and sometimes double in sheep and

goats [1, 21, 32]. Wysocki et al. [50] reported that this canal is formed as double in 43% of

humans, 36% in monkeys, 12% in dogs, 14% in cats, 7% in rats, 69% in rabbits and single in

foxes and bison. Uddin et al. [48] reported that 80% of cats and Olude et al. [34] reported that

87% of African giant rats had two or more canals. In the present study, it was observed that

43% of the skulls had single, 50% had double and 7% had three canals (Fig. 3, 4). Our study

results show that HC has significant variation in terms of number and shape in this species, as

in other species. In the present study, the canal length was measured as 8.0 and 7.1 mm on the

right and left, respectively (Table 1). Right and left canal lengths were reported as 8.67 and

12



8.26 mm in Italian population [19], 8.89 and 9.03 mm in Greek population (p = 0.046) [28],

12.6 mm in Indian population [30], 10.0 and 9.8 mm in Turkish population [23], 7.78 mm in

European  skulls  [4].  Our  study  results  show  that  humans  and  Holstein  cows  are

morphometrically similar except for the Indian population.

In the present study, the HC diameter measurements were performed with two perpendicular

measurements from the middle and narrowest part of the canal length as in other canals. These

values, called longer and shorter diameters, were found to be 9.7 × 7.4 and 10.2 × 7.8 mm

(mean 9.9 × 7.6 mm) on the right and left, respectively. In a study using similar methodology,

these values were reported as 4.5 × 4.24 mm in humans [4].  In the same study, the intra-

extracranial opening diameter values of the canal were measured as 9.08 × 6.85 and 9.08 ×

6.95,  respectively  [4].  Berge  and  Bergman  [3]  reported  the  intra-extracranial  opening

diameters of the HC in humans as 5.51 × 4.25 and 4.66 × 3.21 mm, respectively. In some

studies, intra-extracranial diameter values were given as a single value on the right and left.

These values were reported as 6.12 and 6.39 mm in Italian population [19], 7.2 and 7.9 mm in

Indian population,  6.14 and 6.11 mm in Egyptian skulls  [16], 6.5 and 6.6 mm in Turkish

population [23]. In the above studies on the skull, canal mophometry was mostly evaluated by

showing extracranial and inracranial opening diameters. In humans, the HC is shown to be an

important canal involved in the venous drainage of the brain next to the hypoglassal nerve.

Therefore, the narrowest part of the canal should be taken as a reference in the morphometric

evaluation of this canal. We think that it would be more accurate to evaluate the canal with CT

studies as in Berlis et al. [4]. Wysocki et al. [50] reported that the cross-sectional area of HC

was larger in European bison males (right-left: 49.7–48.6 mm2) than in females (42.1–42.9

mm2) and that there was a positive relationship between this  data and cranial  capacity.  In

Holstein cow, the cross-sectional area of the HC was 20% higher in male bison and 50%

higher in female bison (Table 1). This may be due to differences in species and the method

used.

Limitations of the study include the use of females of limited age and number belonging to a

single species, the extremely limited morphometric data available for domestic mammals, and

the lack of a comprehensive methodology for determining the morphometric features of these

foramina and canals, including human studies.

CONCLUSIONS
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A round  or  cylindrical  anatomical  structure  can  be  accurately  measured  in  any  plane.

However, due to the different shapes of the foramina and canals at the skull base, it is difficult

to  make accurate,  reliable  and repeatable  measurements  in  the  axial  plane.  CT is  always

considered the gold standard for morphological and morphometric evaluation of the external

and  internal  structure  of  complex  anatomical  structures  such  as  the  skull.  Despite  some

limitations,  our  study  focused  on  determining  the  variations  and  morphometric  features

(diameter, length, angle, area) of the foramina and canals at the skull base in Holstein cow.

The first detailed reference data of the relevant structures at the skull base were presented

with a repeatable measurement  protocol using CT images.  Our findings may be useful to

anatomists,  radiologists,  clinicians  and other  researchers  in  neuroanatomy,  neuropathology

and zooarchaeology.
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Figure 1. The  optic  canal  and its  morphometric  measurements  (No:7,  3.5 years  old).  A.

Transcanalicular  sagittal  oblique section  CT image  (straight  yellow line:  dorsal  line,  pink

dashed line: transcanalicular line)  B. Dorsal section CT image at angle of 10° (pink dashed

line: transcanalicular line, straight blue line: midsagittal line).  C. Intracranial opening of the
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right optic canal. D. Middle portion of the right optic canal (diameter and area measurements

were performed in this section).  E. Extracranial opening of the right optic canal. AngOC —

Angle of the optic canal;  AOC — area of optic canal;  fs, frontal  sinus; LDOC — longer

diameter of optic canal; LOC — length of optic canal; ORF — orbitorotund foramen; OF —

oval foramen; SDOC — shorter diameter of optic canal; ss — sphenoid sinus; 1, temporal

bone; 2, basisphenoid bone; 3, presphenoid bone. Ca — cranial; R — right; Ro — rostral; L

— left. Scale bars: 3 cm. The images are taken from the multiplanar reconstruction of the

RadiAnt DICOM Viewer software.   
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Figure 2. Foramina and canals in transverse (A–E) and dorsal (A’–E’) CT section images

(No: 4, 5 years old). HC —  hypoglossal canal; IAC — internal auditory canal; JF — jugular

foramen; ORF — orbitorotund foramen; OF — oval foramen; cs — chiasmatic sulcus; fs —
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frontal sinus; ss — sphenoid sinus; 1 — basisphenoid bone; 2 — temporal bone; 3 — body of

the basisphenoid bone; 4 — temporomandibular joint; 5 — tympanic bulla; 6 — basilar part

of the occipital bone; 7 — external auditory canal; 8 — temporal meatus; 9 — condylar canal;

10 — occipital  condyle of the occipital  bone; 11 — paracondylar process of the occipital

bone. R — right;  L — left.  Scale bars: 3 cm. The images are taken from the multiplanar

reconstruction of the RadiAnt DICOM Viewer software.

Figure  3. Foramina  and  canals  on  3D  skull  section  models  (No:  11,  5  years  old).  A.

Caudorostral view (at the level of the temporomandibular joint).  B. Left mediolateral view.

CS — chiasmatic sulcus; B — basion; HC — hypoglossal canal; IAC — internal auditory

canal;  JF — jugular foramen; O — opisthion; ORF — orbitorotund foramen; OF — oval

foramen; 1, frontal sinus; 2, ethmoidal crest; 3, dorsum sellae, 4, temporomandibular joint; 5,

body of the basisphenoid bone; 6,  tympanic  bulla;  7,  temporohyoid joint;  8,  hypophyseal
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fossa; 9, condylar canal; 10, temporal meatus. R — right; L — left. Scale bars: 3 cm. The

images are taken from the 3D model (3D VR) of the RadiAnt DICOM Viewer software.   

Figure 4. 3D model images of foramina and channels (No:10, 6 years old). A. Dorsal section

CT image. B. Dorsal section CT image. C. Dorsal reconstructive image of the skull base. CT

— computed tomography; OC — Optic canal;  ORF — orbitorotund foramen; OF — oval

foramen; IAC — internal auditory canal; JF — jugular foramen; HC — hypoglossal canal.

The images are taken from the multiplanar  reconstruction and 3D screen of the MIMICS

software.
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Morphometric features of the canals and the foramina in Holstein cows (n = 14)

Parameters
Mean ± SD  

Total Mean ±
SD

   Minumum–Maximum  
ICC (95% CI)

Foramens and canals
 (mm–mm2)

Right Left  Right and Left  P  Right Left  Right

Foramen
           

Orbitorotundum            

Longer diameter (LDORF)
18.0 ± 1.3 18.1 ± 1.6  18.1 ± 1.4  0.565λ  16.6–20.6 16.2–21.3  0.94 (0.85–0.98)

Shorter diameter (SDORF)
12.2 ± 1.2 12.6 ± 1.2  12.4 ± 1.2  0.001*λ  10.1–14.1 10.7–14.6  0.89 (0.70–0.97)

Index (ORFI) 67.8 ± 7.3 70.2 ± 7.7  68.0 ± 7.3  0.016*λ  56.1–79.6 56.2–80.4   

Length of canal
15.2 ± 2.6 15.0 ± 3.1  15.0 ± 2.8  0.652λ  9.3–19.67 7.5–19.6  0.97 (0.92–0.99)

Area (AORF)
177.4 ±

21.1 
183.8 ± 22.2  180.6 ± 21.1  0.035*ε  136.9–201.2 138.6–209.2  0.94 (0.80–0.98)

19.7 ± 2.2 20.3 ± 2.5  20.0 ± 2.3  0.031*λ  14.2–23.2 14.4–24.1  0.97 (0.91–0.99)

           

Longer diameter (LDOF)
11.2 ± 3.2 11.3 ± 3.2  11.3 ± 3.2  0.638ε  8.0–19.2 8.1–20.4  0.99 (0.98–0.99)

Shorter diameter (SDOF)
7.3 ± 1.6 7.5 ± 1.4  7.4 ± 1.5  0.193λ  5.7–10.9 5.3–10.4  0.99 (0.98–0.99)

Index (OFI) 67.0 ± 8.5 68.3 ± 10.8  67.7 ± 8.6  0.605λ  54.4–85.2 50.9–87.6   

Length of canal 
5.5 ± 1.4 6.3 ± 1.6  5.9 ± 1.5  0.050λ  3.4–7.7 4.6–9.9  0.99 (0.97–0.99)

Area (AOF)
67.5 ± 35.0 71.3 ± 35.8  69.4 ± 34.9  0.209ε  36.7–152.7 40.2–171.0  0.99 (0.99–0.99)

19.8 ± 2.8 19.5 ± 2.8  19.6 ± 2.7  0.366λ  14.8–24.8 15.1–25.1  0.95 (0.89–0.98)

           

Longer diameter( LDJF)
13.1 ± 1.3 12.9 ± 1.1  13.0 ± 1.2  0.165λ  10.7–15.7 11.1–14.5  0.95 (0.89–0.98)

Shorter diameter (SDJF)
7.8 ± 0.9 7.7 ± 0.8  7.8 ± 0.8  0.463λ  6.6–9.6 6.1–8.9  0.84 (0.61–0.94)

Index (JFI) 59.8 ± 7.3 59.6 ± 5.3  59.7 ± 6.0  0.730ε  51.0–80.3 52.0–72.2   

Length of canal 
6.4 ± 1.2 6.1 ± 1.3  6.2 ± 1.2  0.372λ  4.3–8.9 4.2–9.1  0.99 (0.99–0.99)

Area (AJF)
76.5 ± 14.1 74.1 ± 13.1  75.3 ± 13.1  0.259λ  53.9–107.23 52.4–93.8  0.96 (0.90–0.98)

           

           

Longer diameter (LDOC)
8.4 ± 0.4 8.4 ± 0.5  8.4 ± 0.4  0.869λ  7.7–9.2 7.6–9.2  0.80 (0.53–0.93)

Shorter diameter (SDOC)
5.5 ± 0.4 5.5 ± 0.4  5.5 ± 0.4  0.571λ  5.0–6.5 4.9–6.3  0.89 (0.75–0.96)

Index (OCI) 65.5 ± 4.9 65.9 ± 5.8  65.7 ± 4.8  0.759λ  58.4–77.9 55.2–75.7   

Length of canal (LOC)
17.5 ± 1.9 17.5 ± 2.0  17.5 ± 1.9  0.923λ  13.8–19.8 14.0–20.3  0.91 (0.79–0.97)

Area (AOC)
33.5 ± 3.1 33.3 ± 3.5  33.4 ± 3.2  0.730λ  28.7–39.8 28.0–41.8  0.88 (0.72–0.96)

)(AngOC)
42.7 ± 3.3 43.0 ± 2.9  42.9 ± 3.1  0.127λ  34.2–49.0 35.8–47.8  0.98 (0.97–0.99)

Internal auditory            

Longer diameter ( LDIAC)
9.3 ± 0.9 9.4 ± 0.9  9.4 ± 0.8  0.746λ  8.3–11.2 8.2–11.2  0.86 (0.66–0.95)
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Shorter diameter (SDIAC)
5.7 ± 0.8 6.1 ± 0.7  5.9 ± 0.7  0.043*λ  3.7–6.8 4.6–7.2  0.75 (0.35–0.91)

Index (IACI) 61.8 ± 10.3 65.5 ± 7.7  63.7 ± 8.7  0.024*λ  42.2–80.2 51.5–81.7   

Length of canal
7.8 ± 1.0 7.8 ± 0.8  7.8 ± 0.9  0.643λ  6.0–9.3 6.3–9.1  0.97 (0.93–0.99)

Area ( AIAC)
40.5 ± 7.2 43.4 ± 6.5  42.0 ± 6.4  0.051λ  25.9–52.2 32.1–52.5  0.81 (0.51–0.93)

Hypoglossal            

Longer diameter (LDHC)
9.7 ± 1.2 10.2 ± 2.0  9.9 ± 1.5  0.382λ  6.8–11.6 7.5–13.5  0.91 (0.66–0.97)

Shorter diameter (SDHC)
7.4 ± 1.3 7.8 ± 1.3  7.6 ± 1.2  0.079λ   6.1–10.5 6.6–10.6  0.97 (0.90–0.99)

Index (HCI) 76.6 ± 8.5 77.3 ± 8.2  76.9 ± 8.2  0.992λ  66.6–90.3 61.5–89.1   

Length of canal
8.0 ± 2.1 7.1 ± 1.7  7.6 ± 1.9  0.608λ  4.5–11.0 4.7–10.2  0.99 (0.97–0.99)

Area (AHC)
58.0 ± 17.6 62.9 ± 23.0  60.2 ± 19.8  0.211λ  33.2–101.2 37.1–110.2  0.98 (0.90–0.99)

*p < 0.05  λPaired sample t–test, εWilcoxon Test. Index = shorter diameter/Longer diameter*100. (Right HC, n = 11; Left HC, n = 9) (Length of canal of OF, N=12). 
AHC — area of hypoglossal canal; AIAC — area of internal auditory canal; AJF — area of jugular foramen; AngOC — angle of the optic canal; AOC — area of optic canal; AOF — 
area of oval foramen; AORF — area of orbitorotund foramen; CI — confidence interval; HCI — index of hypoglossal canal; IACI — index of internal auditory canal; ICC — intraclass
correlation coefficient; JFI — index of jugular foramen; LDHC — longer diameter of hypoglossal canal; LDIAC — longer diameter of internal auditory canal; LDJF — longer 
diameter of jugular foramen; LDOC — longer diameter of optic canal; LDOF — longer diameter of oval foramen; LDORF — longer diameter of orbitorotund foramen; LOC — length
of optic canal; OCI — index of optic canal; OFI — index of oval foramen; ORFI — index of orbitorotund foramen; SDHC — shorter diameter of hypoglossal canal; SDIAC — shorter 
diameter of internal auditory canal; SDJF — shorter diameter of jugular foramen; SDOC — shorter diameter of optic canal; SDOF — shorter diameter of oval foramen; SDORF — 
shorter diameter of orbitorotund foramen.  

Table 2. The relationship between diameter and area measurements of foramina and canals (n = 14)

 

LDOR
F

SDOR
F LDOF SDOF LDJF SDJF LDOC SDOC LDIAC SDIAC LDHC

AOR
F

,767** ,727**          

SDOF   ,878**         

AOF   ,989** ,928**        

LDJF ,538*           

AJF     ,870** ,861**      

AOC       ,606* ,766**    

AIAC         ,816** ,649*  

SDH
C

          ,961**

AHC           ,928**
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*, p < 0.05 ; **, p < 0.01  (Right HC, n = 11; Left HC, n = 9).

AHC — area of hypoglossal canal; AIAC — area of internal auditory canal; AJF — area of jugular foramen; AOC — 
area of optic canal; AOF — area of oval foramen; AORF — area of orbitorotund foramen; LDHC — longer diameter of
hypoglossal canal;  LDIAC — longer diameter of internal auditory canal; LDJF — longer diameter of jugular foramen; 
LDOC — longer diameter of optic canal; LDOF — longer diameter of oval foramen; LDORF — longer diameter of 
orbitorotund foramen; SDHC — shorter diameter of hypoglossal canal; SDIAC — shorter diameter of internal auditory 
canal;  SDJF — shorter diameter of jugular foramen; SDOC — shorter diameter of optic canal; SDOF — shorter 
diameter of oval foramen; SDORF — shorter diameter of orbitorotund foramen. 
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