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Abstract: The mastoid foramen is an anatomical structure critical for neurosurgical
interventions due to its role in venous drainage via the mastoid emissary vein, which connects
the sigmoid sinus to the external veins of the skull. This study aimed to investigate the
morphometric parameters of the mastoid foramen by analyzing 28 dried human skulls from the
Anatomy Department at Samarkand State Medical University. Measurements focused on the
foramen's length, width, and shape, revealing that the average diameters for the right and left
mastoid foramina were 0.13 cmand 0.1 cm, respectively. The predominant shapes identified were
star-shaped and round, underscoring significant variability in anatomical features. Additionally,
the exit shapes of the foramina were assessed, which further elucidated the potential anatomical
variations that can influence surgical approaches. These findings are crucial for enhancing the
understanding of the anatomical characteristics of the mastoid foramen and its clinical
implications, particularly in reducing operative risks associated with neurosurgery. Future
research could expand on these findings to clarify the anatomical variations and improve surgical
strategies involving the mastoid region.
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AHATOMMYECKHE BAPUAIIMU COCHEBUIHOI'O OTBEPCTHUA:
MOP®OMETPUUYECKHWI AHAJIN3 C HCITIOJIb30BAHUEM KAPTUPOBAHMUSI
BBIXOJHOI'O OTBEPCTHUA

AHHoTanusi: CoCLEBUIHOE OTBEPCTUE SIBJISETCS AHATOMUYECKOW CTPYKTYPOH,
KPUTHYECKH BaKHOM Ui HEHPOXMPYPrHMUECKHUX BMEILIATENbCTB H3-3a €r0 POJU B BEHO3HOM
JIpEeHaXKe yepe3 COCIEBUAHYIO IMHCCAPHYIO BEHY, KOTOpas COETUHSET CUTMOBHJHBIN CHHYC C
Hapy>KHbIMH  BeHaMu dyeperma. lLlemplo  JgaHHOrO  HccienoBaHUs — ObBUIO  M3y4YeHHE
MOp(HOMETPUYECKUX MapaMEeTPOB COCIEBHIHOTO OTBEPCTHS MyTEM aHaiu3a 28 BBICYIIEHHBIX
4eJoBEeYeCKHX uepernoB ¢  Kadeapel aHatomMuu CaMapKaHJICKOTO ToOCyJapCTBEHHOTO
MEIMIUHCKOr0 yHHUBepcuTeTa. M3MepeHus ObUIM cOCpeloTOYEHBl Ha JUIMHE, IIHpUHE U (popme
OTBEpCTHS, UTO MOKA3aJI0, YTO CPEJHUE TUAMETPhI MPABOT0 U JIEBOTO COCIIEBUAHBIX OTBEPCTUI
cocrapmsuin 0,13 cm u 0,1 cm coorBerctBeHHo. [IpeoGmanatomumu  Gopmamu  ObLITU
3Be37000pa3Has M Kpyrias, 4TO MOAYEPKUBAET 3HAYUTEIbHYI0 U3MEHUYUBOCTh aHATOMHUYECKUX
ocobenHocteil. Kpome Toro, 6111 o1ieHeHbl POPMBI BEIXOAHBIX OTBEPCTUH, UTO JOMOJHUTEIBHO
IPOSCHUIO TOTEHUIUAIbHBIE AHATOMUYECKHE BapUallM¥, KOTOpPbIE MOTYT BIHATH Ha
XUPYPru4ecKre MOAXOAbl. ODTH pPE3yabTaTbl MMEIOT pEUIalollee 3HAYEHWE JUIsl YIY4IIEHUs
NOHMMAHUS AaHATOMUYECKUX XapaKTEPUCTHK COCLEBHUJHOTO OTBEPCTUS M €ro KIMHUYECKHX
MOCJECTBHI, OCOOCHHO Il CHUYKEHUS OTIEPALIMOHHBIX PUCKOB, CBSI3aHHBIX C HEHPOXUPYpIUeH.
bynymue uccnenoBaHus MOTYT PACIIMPHUTH 3TH PE3YJIbTaThl [UIsl YTOUHEHUS aHATOMHYECKHUX
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BapHallMil U YIy4lIEHUS XUPYPrHUECKUX CTpPATErHii, 3aTparuBarolIMX 00JacTb COCIEBUAHOIO
OTpOCTKA.
KiroueBble cJjI0Ba: COCLIEBUJIHOE OTBEPCTUE,

SMHUCCapHasi BEHAa, KpaHUOMETpUS,

AHATOMUYECKHUE Bapuallii, HEUPOXUPYprus, GopMa BbIX0/1a

INTRODUCTION

The mastoid foramen plays a critical role in neurosurgical interventions in its vicinity.
Given that this foramen accommodates a key component of venous drainage—the mastoid
emissary vein, which connects the sigmoid sinus (a cranial venous sinus) to the external veins of
the skull—knowledge of its position and variability significantly reduces operative risks. While
existing studies have presented diverse craniometric data, including shape, diameter, and
prevalence of the foramen, an essential aspect for understanding the nature of this structure lies in
approximately predicting the vein's course from the foramen. Our initial goal was to define the
morphometric parameters of the mastoid foramen and to create a model simulating the vein's
approximate path, to enhance the understanding of its anatomical characteristics and potential
clinical risks, accounting for variations in its location.

MATERIALS AND METHODS

The craniometric method was employed to measure the mastoid foramina, with evaluations
of the foramen shape, exit shape, length, and width. Additionally, the vein’s course was estimated
based on the exit shape.

The study material comprised 29 dried, intact human skulls without selection for sex or
age, obtained from the Anatomy Department Laboratory at Samarkand State Medical University.

For craniometric measurement of foramen shape and diameter, a calibrated metal caliper
was used—Set 3-D of drawing tools, manufactured by MINPRIBOR USSR, Rylsk, Model U-9,
GOST 6100-68.

To compare measurements and convert them to centimeters, an electronic caliper was
utilized—Matrix Digital Caliper, 150 mm, MTX, 316119.

For statistical analysis of the data, Microsoft Excel 2010 and appropriate calculation
formulas were used.

RESULTS AND DISCUSSION

The average length-width of the right foramen is 0.29-0.24 cm, and for the left foramen, it
IS 0.22-0.19 cm. Applying the ellipse average diameter formula D=2*a*b/a+b (where «a» is an
approximate length, and «b» is approximate width) we obtain the mean diameter of the foramina.
The mean diameter of the right foramen is 0.13 cm, and for the left, it is 0.1 cm. Cpenuuit quamerp
oboux otBepctuii 0.12 cm

No | Right foramina | Right foramina | Left foramina Left foramina
length width length width

1 1022 0,22 0,18 0,19

2 10,09 0,06 0,08 0,08

3 1046 0,26 0,23 0,25

4 | Absent Absent Absent Absent

5 10,16 0,21 0,2 0,2
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6 Absent Absent 0,25 0,2
7 0,4 0,37 0,23 0,27
8 0,2 0,27 0,2 0,25
9 0,24 0,22 0,24 0,17
10 | 0,21 0,19 0,31 0,25
11 | Absent Absent 0,33 0,26
12 10,22 0,2 0,25 0,24
13 | Absent Absent 0,19 0,14
14 10,22 0,22 0,21 0,22
15 (0,21 0,18 0,26 0,21
16 |0,18 0,14 0,25 0,16
17 | Absent Absent 0,27 0,19
18 |0,18 0,17 0,19 0,13
19 | Absent Absent 0,12 0,1
20 (0,33 0,32 0,19 0,18
21 (0,11 0,9 0,14 0,14
22 0,21 0,13 0,18 0,16
23 0,14 0,17 0,31 0,3
24 | 0,28 0,38 Absent Absent
25 (0,22 0,21 0,16 0,17
26 |0,26 0,25 0,33 0,3
27 10,24 0,14 0,26 0,15
28 0,24 0,16 0,24 0,15
29 | Absent Absent Absent Absent

Table 1. Measurement Results of Length and Width for the Right and Left Foramen

The most common shape of the mastoid foramen on the right side was star-shaped (9 cases
or 32.1%) and round (5 cases or 17.8%). Similarly, on the left side, the most frequently observed
shape of the mastoid foramen was also star-shaped (11 cases or 37.8%) and round (7 cases or
24.1%). The overall measurement data is presented in Table 2.

No | Right foramina shape Left foramina shape
1 Ellipse Stellate

2 Stellate Round

3 Stellate Stellate

4 Absent Absent

5 Ovale Round

6 Absent Round

7 Round Stellate

8 Stellate Ovale

9 Ovale Stellate
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10 | Stellate Ovale
11 | Absent Ellipse
12 | Round Stellate
13 | Absent Ellipse
14 | Triangle Round
15 | Stellate Ellipse
16 | Ellipse Stellate
17 | Absent Stellate
18 | Round Ellipse
19 | Absent Stellate
20 | Round Stellate
21 | Stellate Stellate
22 | Stellate Round
23 | Ellipse Ellipse
24 | Ellipse Absent
25 | Triangle Ellipse
26 | Round Round
27 | Stellate Stellate
28 | Stellate Round
29 | Absent Absent

Table 2. Results of Shape Measurement of the Foramen on the Right and Left Sides

As an additional aspect in measuring the mastoid foramina of the skull, the "shape of the
exit from the foramen" was also highlighted, indicating the presence of small grooves from the
foramen both externally along the path and internally, thinning medially or, in rare cases, laterally
(1 case, as indicated in Table 3). Graphic illustrations showing the variation of different exit shapes
of the foramina are provided below in Figures 1-5

The following graphical representations illustrate the exit shapes of the foramina,
highlighting the presence of grooves.:
Gray-filled oval — Represents the foramen itself.
Light-colored area — Indicates the groove around the foramen and its direction.
Blue color — Symbolizes a schematic representation of the vessel, specifically the mastoid
emissary vein, and its course through the foramen.

Fig. 1. Medially directed upward course

Fig. 2. Medially directed posterior course

Fig. 3 Medially directed ventral course
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Fig. 4 Medially directed inferior course

Fig. 5 Medially directed superior ventral course

Fig.6 Medially directed superior posterior course

Figure 7,8. Main characteristics of the mastoid foramina, which served as the material for
the study, along with some anatomical structures to facilitate navigation.
a — Circle/oval — diameter and length of the foramina at the defined borders, with an arrow
indicating the exit of the foramen, predicted as the path of the emissary mastoid vein exiting
from the foramen; the dashed line marks the edges of the groove forming the exit from the
foramen.
b — Mastoid process, its posterior border.
¢ — Mastoid notch.
After measuring the exit from the mastoid foramen, we obtained the following results:

Exit from the right foramen: The most common orientation is medially-superiorly-
posteriorly (10 cases, 34.5%), followed by medially-superiorly (6 cases, 20.69%) and
medially-posteriorly (5 cases, 17.24%). Complete absence of the foramen was observed in 7
cases (24.14%). Only a single case of medially-superiorly-ventrally oriented foramen exit was
identified, suggesting this may be an anomaly.

Exit from the left foramen: The most common orientations are medially-superiorly-
posteriorly and medially-posteriorly (9 cases each, 31.03%), followed by medially-superiorly
(4 cases, 13.79%) and medially-inferiorly (3 cases, 10.34%). Absence of the foramen was noted
in 3 cases (10.34%). Only a single strictly medial case was identified, indicating a complete lack
of groove formation.

The total presence of foramina on the right and left sides is 82.7% (48 cases), a significant
indicator highlighting the prevalence of this emissary foramen.
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No | Right foramina exit shape Left foramina exit shape

1 Medially — Superiorly - Posteriorly Medially — Superiorly — Posteriorly

2 Medially — Superiorly - Posteriorly Medially — Superiorly — Posteriorly

3 Medially — Superiorly - Ventrally Medially — Superiorly — Posteriorly

4 | Absent* Absent*

5 Medially — Superiorly - Posteriorly Medially — Superiorly

6 Absent* Medially — Inferiorly

7 Medially — Superiorly - Posteriorly Medially — Inferiorly

8 Medially - Posteriorly Medially — Superiorly

9 Medially — Superiorly - Posteriorly Medially — Superiorly

10 | Medially — Superiorly - Posteriorly Medially — Posteriorly

11 | Absent* Medially — Posteriorly

12 | Medially — Superiorly Medially — Superiorly - Posteriorly

13 | Absent* Medially — Superiorly - Posteriorly

14 | Medially - Posteriorly Medially — Posteriorly

15 | Medially — Superiorly - Posteriorly Medially — Posteriorly

16 | Medially — Superiorly - Posteriorly Medially — Posteriorly

17 | Absent* Medially — Posteriorly

18 | Medially — Superiorly - Posteriorly Medially — Posteriorly

19 | Absent* Medially — Posteriorly

20 | Medially — Superiorly Medially

21 | Medially — Superiorly Medially — Superiorly — Posteriorly

22 | Medially — Posteriorly Medially - Inferiorly

23 | Medially — Superiorly Medially — Superiorly — Posteriorly

24 | Medially — Superiorly Absent*

25 | Medially — Superiorly Medially — Superiorly — Posteriorly

26 | Medially — Superiorly - Posteriorly Medially — Superiorly

27 | Medially — Posteriorly Medially — Superiorly — Posteriorly

28 | Medially — Posteriorly Medially — Posteriorly

29 | Absent* Absent*

Table 3. Results of the Measurement of Foramina Exit

CONCLUSION

The study aimed to investigate the anatomical variations of the mastoid foramen through
morphometric analysis, emphasizing its clinical significance in neurosurgery. Key findings were
obtained from the analysis of 28 dried human skulls: foramina were present in 48 out of 58 cases
(considering both the right and left sides of one skull), which accounts for 82.7%, indicating that
it is a relatively common opening among skulls. The most frequently observed shape of the
foramina on both sides was star-shaped, suggesting the passage of veins and adjacent structures
such as small nerves and arteries. The average diameter measured 0.12 cm, which aligns with
standard measurements reported in previous studies.
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The results of the study on the exits from the mastoid foramen highlight significant
anatomical variability, which is critical for neurosurgery. On the right side, the most common
orientation observed was medially-superiorly-posteriorly (34.5%), followed by medially-
superiorly (20.69%) and medially-posteriorly (17.24%). Complete absence of the mastoid foramen
was noted in 24.14% of cases. On the left side, the most frequently encountered exits were
medially-superiorly-posteriorly and medially-posteriorly (both at 31.03%), followed by medially-
superiorly (13.79%) and medially-inferiorly (10.34%). Absence of the foramen was noted in
10.34% of cases.

These anatomical variations can significantly affect access to vital structures, increasing
the risk of complications. Awareness of such differences allows neurosurgeons to tailor their
approaches to the individual anatomical characteristics of patients, thereby enhancing the safety
and success of surgical interventions.

Understanding these variations contributes to recognizing potential anatomical challenges,
ultimately leading to safer neurosurgical practices and improved treatment outcomes. Future
research may further clarify these variations, refining surgical strategies in the region of the
mastoid process.
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