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The Morphometric Study of Parietal Emissary Foramen
Related with Clinical Implications in Thais

Estudio Morfométrico del Foramen Emisario Parietal Relacionado
con las Implicaciones Clinicas en Tailandeses
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SUMMARY: Parietal emissary foramina (PEF) are an important structure which the parietal emissary vein passes through. Aims
of this study were to study morphometry of the PEF and its clinical implications. The present study examined in 800 pesi¢d@itho
Thai skulls; 200 males and 200 females). A total of 587 emissary foramina were found in 344 skulls. The PEF were fougtton the r
side (298), left side (256). One hundred fifty-five unilateral, 189 bilateral, and 33 center of PEF were found in ourestnayratie of
foramina to sagittal suture were 562.73 mm on the right and 5.912.37 mm on the left in male, while in female it was 5:ZB61
mm on the right and 5.482.54 mm on the left. The shape was mostly circular with mean diameter éf@.25 mm on the right, 1.23
+0.52 on the left and 1.#10.49 mm at the center in male. In female, the mean diameter af 0.42 mm on the right, 1.1#20.41 mm
on the left and 1.68 0.92 mm at the center. The ratio of distance from the external occipital protuberance (EOP)to PEF and to glabella
in males on the right side is 0.342 cm. (3/8) and 0.349 cm. (3/8) on the left side. While the ratio of females is 0.3)7aci0h 0(388
cm. (3/8), respectively. Our finding obtained in this study scientists can be essentially benefited for anatomists, sadé@lcagstrgeons,
and forensic to aware this anatomical structure.
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INTRODUCTION

Parietal emissary foramina (PEF), located betwedtfmental and would help the radiologist to improve the
middle third and posterior third of the parietal bone, are #lagnostic approach to the lesion on the parietal bone.
important structure which the parietal emissary vein passes
through. They act as the drainage passage of the brain, According to Wysocket al (2006), the PEFis 2 ti-
balancing the intracranial and extracranial pressure (Gangrfiggs larger in diameter in Polish female than in male. Even
etal, 2018; Halagatti & Sagar, 2018; Magalhéesl, 2018). how, a contradiction of this statement is reported. This
They are one of the emissary foramina that is frequent@yidence raises the question of whether the PEF can be an
neglected during brain surgery, massive bleeding can ocdglicator for sex determination in forensic circumstance. To
(Murlimanju et al,, 2015). Moreover, they are also one othe best of our knowledge, we decided to determine the
the routes of infection since they connect the intracranial éfference and the ability of the PEF to be used as a sex
the extracranial. It is also believed that they lower th@etermination factor from morphometric of PEF in a Thai
intracranial pressure by draining the blood out of the skufopulation.

If one of these foramina is calcified, it might cause the patient

to experience migraine (Magalhdesal) or might be From the literature reviews, these foramina have not
associated with cerebral venous anomalies, irregular suty! been studied in a Thai population. As a consequence,
fusion and deviations of the sagittal suture @val, 2013). being able to know more would be useful since morphology
Moreover, knowing their variations and locations are furf skull is different in each population. Our study aims to
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get the best use of all the parameters obtained, to be benefidial If there are two PEF on the same side of the parietal
for anatomists, radiologists, neurosurgeons, and forensic bone, then it is classified as unilateral (double).
scientists. V. If there are three PEF on the same side of the parietal
bone, then it is classified as unilateral (triple).
VI. If there is one PEF on both sides of the parietal bones,
MATERIAL AND METHOD then it is classified as bilateral (double).
VII. If the PEF is presented on both sides of the parietal
bones and there are three PEF in total, then it is
This study was approved by the Research Ethics classified as bilateral (triple).
Committee of the Faculty of Medicine at Chiang MawIll. If the PEF is presented on both sides of the parietal
University (clearance no.7327/2563). bones and there are four PEF in total, then itis classified
as bilateral (quadruple).
The Sample Collection.The samples were of all modern
Thais obtained from the Forensic Osteology Research Certirxt, a total of 5 skull parameters were taken as follows:
(FORC), Faculty of Medicine, Chiang Mai University. The
sample in present study consisted of 800 parietal bones (400 Two measurements which consisted of the
Thai crania,200 males and 200 females), with a mean agendasurement of distance from the tip of external occipital
66.62 (SD=15.71) years for males and 66.89 (SD=16.0fijotuberance (EOP) to glabella and to PEF were made by
years for females. Any skull with deformities from pathologi¢ape measure.
diseases, or those damaged at glabella and parietal bone were

excluded. Moreover, the ratio of distance from the EOP to PEF and to
glabella (EOP-PEF / EOP-glabella) was calculated from

Morphological and Morphometric measurements those two measurements.

Morphological patterns are classified by modified Lastly, two measurements including: the diameter of the

Murlimanjuet al (Fig. 1) as follows: PEF, and the distance between the PEF and sagittal suture were

measured transversely by Image J analysis software (ImageJ
I.  If there is no PEF on both parietal bones, then it id.44, US National Institutes of Health, Bethesda, MD, USA).
classified as absent.
Il. If the PEF is presented on the sagittal suture, then itSsatistics analysisDescriptive statistical analysis such as

classified as center. frequency, percentage, mean, and standard deviation was
lll. If there is one PEF, then it is classified as unilateralsed for all quantitative variables. For test of the difference

(single). between sexes, the independent sample t-test and Mann-
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Fig. 1. Morpholﬁgical patterns of the PEF obtained in the present study A: Absent, B: Center, C: Unilateral (single),eBalUnilat
(double), E: Unilateral (triple), F: Bilateral (double), G: Bilateral (triple), H: Bilateral (quadruple).
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Whitney U test were used. The Statistical Package for the Social Sciencd
version 26 (SPSS 26.0) (IBM Corp., Armonk, NY, USA) was used to
analyze the data. The significance test with p-value of 0.05 or less wer
considered statistically significant.

RESULTS

Morphological observation. A total of 587 emissary foramina were

found in 344 skull samples: 173 (50.29 %) male skulls (68 unilateral,
105 bilateral presentation), and 171 (49.7 %) female skulls (87 unilaﬁe
ral, 84 bilateral). The parietal emissary foramina were found on &g
right side (298 foramina; 147 for males and 151 for females), left skld
(256 foramina; 142 for males and 114 for females), and center {83
foramina; 19 for males and 14 for females), respectively. g

(o]

One hundred and fifty-five unilateral, 189 bilateral, and 33 cen%r
presentation of PEF were found in our study (Table I). The frequeriy
of distribution of the number of emissary foramen showed 135 singe
(87.10 %), 19 double (12.26 %), and 1 triple (0.64 %) type for uniIa@-
ral presentation. Moreover, the result showed 156 double (82.54 %)4%—’3
triple (16.40 %), and 2 quadruple (1.06 %) type for bilateral presentatign
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The morphometric study of parietal emissary foramen related with

Max
3.26
228
3.46
12.63

Min

Mean + SD

Max

Min

Mean + SD

Max

Min
0.04
0.26
0.39
0.12
012
24.20

Mean + SD

0.04
0.26

1.19+0.42
112+041
1.60+0.92
528+261
5.48+254
29.91+155

3.96
352
2.38
17.35
12.05
345

0.23
0.28
057
0.15
051
24.20

1.27+0.56
1.23+0.52
1.11+0.49
567+2.73
5.91+2.37
30.75£1.59

3.96
352
3.46
17.35

1

1.23+0.50
1.18+0.47
1.32+0.73
548+2.67
5.72+2.45
30.34£1.62

PEF Diameter right
PEF Diameter left

0.39
0.12
0.12
25.70
750
8.00
8.60

PEF Diameter center

PEFto sagittal suture right
PEFto sagittal suture I€ft

EOP to glabelld

129
34.20

29

345

13.80
14.10

10.54+1.05

131

470
490
5.00

13.80 10.44+164
14.10

470

10.53+1.23

EOP to PEF righft
EOP to PEF left

10.67+0.97
10.83 +1.69

10.74+£1.25 135

10.36 +2.25

490

10.71+£1.13

1349 15.00

15.00

5.00

10.55 +2.05

EOP to PEF center

a: millimeter (mm); b = centimeter (cm);PEF: Parietal emissary foramina; EOP: external occipital protuberance; * Sigfidieamuedbetween sexes: males-females value (p-value < 0.05).
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DISCUSSION 5 - ~ o
E S [ce] o N~
€ [=928L 5% £%

) . ) . . s 290242 = 3 o
Morphological and Morphometric study. The parietal emissary foramina cul 2 ) o
are on the posterior part of the parietal bones which act as communication =
routesfor emissary vessels, anastomosis with scalp arteries: occipital and 2 | ® Q9 2
superficial temporal arteries, a middle meningeal branch and a pericranial | g|« g:{ SN o
artery (Yoshiokat al, 2006). These foramina also help in relieving increased |2 5’3 g 9y v~
intracranial pressure and regulating intracranial temperature by draining § g ~ © N (ﬂ 3 10
the blood (Murlimanjeet al). Our foramina come in variety of shapes from 8o ©OMmo NN~
circular, oval to irregular which correlates with previous studies e.g., Mann 8 8=l SN SiLa
(1990), Griessenauet al (2013) and Murlimanjet al o P @

AEGTE S 3
Previously, these foramina were found to be able to distinguish
sexes with the female foramen area bigger than males in Polish population| 5 3 X
with the diameter between 1-2 mm (Wysoekal); however, our study 'GC‘J g %‘: 88 § 3
found that the diameter of the foramen has no difference between sexes.|© R o
Piagkouet al (2013) stated that enlarged parietal foramen is the foramen
with 5 mm or more in diameter. While this variation was found in many | SR8 ¥
studies (Boyd, 1930; Stallworthy, 1932; Piagletal), ours did not — see £ RZ888% 5
Table II. In the present study, the diameter of the PEF was approximately |&@ Bow®o®b o
the same in men and women (2-3 mm), and distinct enlarged parietal |_
foramina was not found. Thus, arguments appeared in the study and no g f § i i go f
differences were found between the sexes which is the interesting difference| © ~NO WO~ O
found in our data. 5 "ASom -
Furthermore, there were no significant differences among sex in .§ ce oo o
foramina distance to sagittal suture and to EOP. The distance fromthe left|Sli |SX 6 0 o o
and right foramina to the sagittal suture is almost equal in both malesand [ L [95 222 Q
females. This symmetrical distance obtained in this present study is g ° [Frwooo ®
consistent with de Souza Ferreadtaal (2021). Apart from this, the distance ¢
from EOP and glabella has significant differences between sex since m = =
skull is larger in terms of size and body proportion than females: 2 loooo® 9 §
(Techataweewant al, 2018). Among females, the forehead is stra|ght: < 2 L~NJISS S §
and sexual dimorphism of the glabella and EOP is more curved and leSs| S 3
pronounced than males do. Therefore, the distance from EOP and glab o
by using tape measure is only one measurement that can be valuably app@ai = g <
for sex determination in forensic circumstances, especially in a Tha; 5 S fg’ c z
population in future study. o |8 —c c E g 2
515 [BE€:28 = 3
The likelihood of morphological and morphometrical dlfferences o nstonoo F '-I'I-
between our result and previous studies might be due to the d|ver§E ) w
environment geography, differences in lifestyles, as well as nutrition 3 %{
status in different geographical groups, e.g., the rate of foramen obliteratigh % ﬁ =
and disparity are quite varied in various populations. Calcification of thg A‘g IS %
foramina is useful for age assumption, especially in elderly since; 03 § \—m{ = =
calcifications are found mostly in elderly, showing the variability in theg 8,§ I8 B §
number of parietal foramina in different studies (Table III). % T o3 E% § % = g
2 Bez=9 3§ )
Clinical Implication. These foramina have variety of clinical appllcatlonsi %% & g E g % 2
and will be discussed as follows: While operating the scalp, especially & | g g °§, S 3 ~ 5 %
the parietal region, one of the pitfalls during surgery is neglecting the |< =g S38 0 % 3 n
.. . . . . o > © C O 5 I
presence and variations of the parietal emissary foramina (Ketsii) s < =hiorzs =8 c
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2003). This could lead to failure of conducting a safe surgery In conclusion, the PEF is a source of intracranial
by causing unintentional destruction of the emissary vess@lection, since the veins that pass through this foramen is
and nerves. Unawareness of this variation could result valveless, causing blood stasis and facilitate bacterial growth.
injury of middle meningeal artery (MMA) branchesAs they connect the extracranial cavity to the intracranial
developed around the PEF and thus cause extensive and lifevity thus promote bacterial spread and cause deeper lying
threatening hemorrhage intraoperatively. Furthermore, neénous sinuses to become septically thrombosed (Boyd;
knowing the anatomical location of the foramen, surgeomdortazaviet al, 2012). Our results can be interpreted that
may fail to stop MMA bleeding, such as epidural hematomnia Thais, getting an infection through this hole is harder than
in head traumas and aneurysm ruptures, by using the ligatwtper ethnicities with larger PEF. Moreover, de Souza
the MMA technique, since the MMA is close to the forameRerreiraet al (2021) stated that the PEF is responsible for
(Bruner & Sherkat, 2008). In Thais, it is noteworthy that theontrolling pressure, temperature, and hemodynamics of
location of the foramen can be easily scaled by palpatitgain tissue in the skull in both sexes equally according to
the EOP and measure to about 3/8 of the skull in both léf$ anatomical location that is equal on both sides which is
and right side. This would allow neurosurgeon to avoid thenalogous to our results.

emissary vein rupture during operations and to estimate the

location of PEF to estimate other related structures from
surface anatomy. ACKNOWLEDGEMENTS
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be interpreted that Thai neurosurgeon should be fully aware

of the presence of this foramen and rare enlarged PEF could

be found during surgery. This could be advantageous fdAHAKKANUKRAUH, C.; CHITAPANARUX, N

Thais since the biggest diameter found was 3.96 mm and fRYANGSUKSTITH, S.; NAVIC, P. & MAHAKKANUKRAUH,

enlarged PEF was found. Moreover, the location is qui eE_'stud_lo m_orfomet’n(_:o del fora_lmen emisario parietal relacionado con
. . as implicaciones clinicas en tailandeses.J. Morphol., 39(5)1283-

precise, making it easy to be detected and not to be confu§§ 2021

with the burr hole in radiologic examination.

RESUMEN: EIl foramen emisario parietal (FEP) es una im-
Additionally, this foramen can also be applied irportante estructura a través de la cual atraviesa la vena emisaria parietal.
forensic field. The epigenetic of adaptation to bipedalistps objetivos de este estudio fueron estudiar la morfometria del FEP y
leads to formation of emissary veins and emissary foramé#f implicaciones clinicas. Se examinaron 800 huesos parietales (400
especially in Homo Sapiens and lesser in other Speciescaneos’tallandeses pertenecientes a 2’OO hombres y 200 mujeres). Se
. . .. . encontrd un total de 587 FEP en 344 craneos, de los cuales 298 estaban
biped animals (Falk, 1986). This is considered as t

o R esentes en el lado derecho y 256 en el lado izquierdo, siendo 155
characteristic of human skull and can be used as an indicat@p unilaterales, 189 bilaterales y 33 localizados en el centro. El pro-

of human skeletal remains (especially when mixed with othevedio de la distancia de los FEP a la sutura sagital en los hombres fue
species in fragments) (Boyd). Apart from this, according tde 5,67+ 2,73 mm a la derechay 592,37 mm a la izquierda, mien-
Magalhdest al, the PEF can be a useful identification ofras que en las mujeres fue de 522,61 mm a la derecha y 5,48

the skull because it is passed down genetically as autosoﬁlgf' mm a la izquierda. La forma era mayoritariamente circular con un

dominant traits. If the relatives are aware of its resencdlametro medio de 1,270,56 mm en el lado derecho, 128,52 en
) P &ado izquierdo y 1,1% 0,49 mm en el centro en los craneos de los

then it is likely to be found in offspring (Ghassie€al, 1 ompres. En las mujeres, el diametro medio del FEP en el lado derecho
2006, Griessenauet al). The PEF is also beneficial for fue de 1,19 0,42 mm, en el lado izquierdo 1,£0,41 mm 1,6G
ethnic identifying since PEF in Australian and New Zealan@92 mm en el centro. La relacion de la distancia desde la protuberan-
skulls are larger than in the skulls of other races; and a ngé& occipital externa al FEP y a la glabela en el lado derecho en los
dian position is more common, especially in comparison Wiﬂ;p_mbres fue de 0,3_42 cm (3/8) y en el lado izquierdo 0,349 cm (3/8).
White races which is usually absent (Boyd). Furthermoriientras en las mujeres fue de 0,367 cm (3/8) y 0,388 cm (3/8), res-
. . . " ctivamente. Nuestros hallazgos obtenidos en este estudio puede ser
e”'arged parietal foramina can ch:ur by inheriting autoso | para que los anatomistas, radiélogos, neurocirujanos y cientificos
dominant ALX4 gene which causes delayegyrenses conozcan esta estructura anatémica.
intramembranous ossification of calvarial bones. It is
reported that enlarged PEF is associated with epilepsy and =~ PALABRAS CLAVE: Foramen emisario parietal; Craneo;

caput membranaceum (Magalh@esl). Morfométrico; Neurocirugia; Implicacion clinica
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