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Anatomical Variations and Morphometric Study of Pterion
in a Thai Population Associated with Clinical Implications
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SUMMARY: The objective of this study was to consider the type of variation and to estimate the landmarks for localizing the
pterion. One hundred twenty Thai dry skulls were selected randomly from the Forensic Osteology Research Center, Facaoibepf Medi
Chiang Mai University. The distances of the parameters were measured via Vernier caliper. The sphenoparietal type isrttieanbist d
the Thai population with 88.75 %. In the male, the distance of the midglabella to the pterion w8%69.94m The distance of the
frontozygomatic suture to the pterion was 3%4.88 mm The distance of the zygomatic arch to the pterion wast39689mm and the
distance of the mastoid process tip to the pterion was 8688 mm In the female, the distance of the midglabella to the pterion was
9.2740.63 mm The distance of the frontozygomatic suture to the pterion wag83.98nm The distance of the zygomatic arch to the
pterion was 33.084.12 mm and the distance of the mastoid process tip to the pterion wasb8B6aam. The pterion approach is the most
popular method for neurosurgical procedures, and it provides anatomical variations in the pattern. The sphenoparietaifitypis tfig
most common form and the stellate type of pterion is the least common form in Thai skulls. Sex influences the locattenarf tidgse
findings will be of importance to predict the pterion type in Thai skull and estimate the localization of pterion by usintaadimark.
Knowledge of the precise location of the pterion is an important landmark in the neurosurgical approach.
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INTRODUCTION

The pterion structure is a significant anatomicathe bones together (Nayat al, 2017). The epipteric
region for neurosurgical procedures on human skullat tii@ormian) type can cause more weakness of the pterion
lateral portion. The pterion is formed by the union of thg/pe and contribute to the extension of the fractures (Natekar
intersection of the postero-inferior portion of frontal, greatest al, 2011). The report declares that sphenoparietal pterion
wing or alisphenoid of the sphenoid, antero-inferior portiois the most common type, yet stellate pterion the least
of parietal, and squamous portion of temporal bone asdmmon (Kamath & Hande, 2019).
become an irregular H-shaped union suture (Apinhasmit
et al, 2011; Kamattet al, 2016). The pterion is resided However, the discrepancy in the precise
behind to the frontozygomatic suture and perpendicularigorphometric location of the pterion are racial variations
superior to zygomatic arch (Adejuwenal, 2013). that can occur because of genetic or environmental

domination (Adejuworet al). The pterion anatomical

The pterion provides anatomical variations in theariations present due to some factors for example age,sex,
pattern of centralization of the intersection of four bonegthnicity, and side of the skull (Rui& al, 2016). The
Murphy’s classification can divide the pterion into foupresent study aims to investigate the type of pterion
types, sphenoparietal (the sphenoid and parietal bones aigiation via Murphy's classification and to measure the
united); frontotemporal (the frontal and temporal bones aparameters of the landmarks for anatomical localizing the
united); stellate (all the four bones join together) angosition of pterion in Thai dry skulls regardisex and the
epipteric or wormian, that is a small bone aggregate of gilde of the skull.
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The objectives of this study are to consider the typeetween both sides of the pterion among total samples, male
of pterion variation via Murphy's classification and tssamples, and female samples.
measure the parameters of the landmarks for localizing the
pterion in Thai dry skulls concerning sex and side of the All the previous parameters were calculated and
skull. Knowledge of the precise anatomical position cédnalyzed via Microsoft Excel 2016 (Microsoft Corp.,
pterion is an essential landmark in the neurosurgical approdgedmond, WA, USA) and the program SPSS version 26
and can be applied in the estimation of the precise locati(8PSS Inc., Chicago, IL, USA). The descriptive statistical
of the anterior division of the middle meningeal arteryanalysis of this study was applied for illustrating the central
middle cerebral artery, the Sylvian fissure, internal capsulesndency (mean) and dispersion of data (S.D) and an
Broca’s motor speech area on the left cerebral hemisph@rdependent sample t-test was applied to test of significance
and anterior pole of insula lobe (Mooe¢ al., 2009; under p-value <0.05 and p-value < 0.05 were considered as
Apinhasmitet al). The determination of the location viastatistical significance.
measurement of bony landmarks contribution from pterion
may be of use to anatomists and neurosurgeons.

MATERIAL AND METHOD

Samples.The sampling was conducted randomly in a Th
population with sixty dry male skulls and sixty dry femal
skulls. This investigation conducted a cross-section
descriptive study to research maxilla of human skull fro
the Forensic Osteology Research Center (FOR
Department of Anatomy, Faculty of Medicine, Chiang M
University, Thailand. Collected maxilla samples were fro
adult cadavers (more than 20 years of age). The impai
bones or pathological bone for example traumatic fractu
osteoporosis, congenital anomalies, and bone cancer
dislodged in this investigation. The structure of the pterio®.
was obvious and unbroken. The distances between pterfég. 1. Considered Parameters of Pterion Measurement, G-EOP:
to midglabella, external occipital protuberancedistance from the midglabella of the frontal bone to the external

frontozygomatic suture, zygomatic arch, and the tip of tmgcipi_tal protuberance of the occipital t_)one, G-P: di_stance from

mastoid process were measured and interpreted. We achie dglabella of frontal bone to the pterion, P-EOP: distance from

approval rom th Reseach Etics Commitee of Cia 121101 el protraceof e cepil e
Mai University (CODE: ANA-2563-07480). : ;

P: distance from the zygomatic arch to the pterion, MP-P: distance
) ) ) ) from the tip of the mastoid process to the pterion.
Morphological-Osteometry. This study investigated the

morphometric anatomical variations in the pterion and
improved the knowledge of this region's anatomy andESULTS
considered the precise location of the pterion by using
external landmarks.
Incidence and Classification of the Pterion in the Lateral
To locate the pterion, various parameters weréompartment of the Skull. In this study, the pterion pattern
measured on the specific landmarks of the lateral aspectobfThai skulls can be classified into four types in Figure 2.
the skull by digital Vernier calipers of 0.02 mm accuracy ohhe incidence and classification of pterion in the lateral
both sides of the pterion as in Figure 1. compartment of the skull are shown in Table I. In 120 skulls
(240 sides of skulls), the Sphenoparietal type is the most
Statistics Analysis.The various parameters demonstratedominant in the Thai population with 88.75 %. The second
the locations of pterion were calculated to determine trdundant type of pterion is the Epipteric type with 5 % in the
meant standard deviation and the frequency as in percentafjeai population. The frontotemporal type can be found with
(%). The parameters were paralleled between the pteriordid 7 % in the Thai population and the Stellate type is the least
different sexes. Likewise, the parameters were analyz#pe of pterion form in the Th@iopulation with 2.08 %.
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Table |. Pterion variation types in Thai population.

Parameters Type

Sphenopari etal Frontotemporal Epipteric Stel late
Left sideof male 93.33% 3.33% 3.33% 0%
Right side of male 88.33% 3.33% 3.33% 5%
Left side of female 90 % 3.33% 6.67 % 0%
Right side of female 83.33% 6.67 % 6.67 % 3.33%
Average 88.75% 4.17% 5% 2.08%

The Distance of Pterion to Various Parameter
Measurements in Different SexesPterion samples are
classified by different sex; the mean and standard deviati
of assorted parameters between male and female parame
were calculated and resulted in Table Il. The comparis(
between different sexes has some statistically significa
difference (p<0.05) in the ratio of G-P per P-EOP with p
0.020603 in males and P-EOP in the female with p
0.015271. The ratio of pterion distance (between G-P per
EOP) of the left side of the lateral skull is more than t
right side. The ratio was statistically significantly different
Likewise, the distance of P-EOP on the right side of t
female skull is more than the left side with a statisticall
significant difference. Other parameters like G-P both sexé
P-EOP in male, Ratio in female, Pterion length both sexé
FZS-P both sexes, ZA-P both sex, MP-P both sexes was
a statistically significant difference.

In the male, all linear measurements were elucidatj
with the distance of the midglabella of frontal bone to t
pterion (G-P) was 10.@®.65 mm and 9.8%.62 mm on
the left and right side respectively. The distance of the pteri
to the external occipital protuberance of the occipital bo
(P-EOP) was 17.480.58 mm and 17.6®.87 mm on the
left and right side respectively. The ratio of pterion distand
from G-P per P-EOP was calculated with @®.04 mm and
0.56t0.04mm on the left and right side respectively. Th
pterion length was 12.54.53mm and 11.843.73 mm
respectively. The distance of the frontozygomatic suture
the pterion (FZS-P) was 3564.26 mm and 35.78l.5 mm
on the left and right side respectively. The distance of t
zygomatic arch to the pterion (ZA-P) was 3344 mm = L _ .

Fig. 2. Murphy’s classification of pterion variation, A =

and 39.285.7 mm on the left and right side respectlveIyslohenoparietaII type. B = frontotemporal type, C = epipteric type

and D = stellate type.

Table 1. Side comparison of the pterion.

Male Female
Left Right p-value L eft Right p-value
G-P 10.02+0.65 9.85+0.62 0.069661 9.26+0.66 9.28+0.6 0. 43686
P-EOP 17.47+0.58 17.65+0.87 0.094523 16.88+0.88 17.29+1.16 0.015271
Ratio 0.57+0.04 0.56+0.04 0.020603 0.55+0.05 0.54+0.05 0.111737
Pterion length 12.57+4.53 11.81+£3.73 0.157392 12.08+4.03 11.72+3.56 0.306052
FZSP 35.04+4.26 35.78+4.5 0.179916 32.78+4.26 33.38+3.99 0. 211526
ZA-P 39.51+3.44 39.2845.7 0.394206 38.35+3.61 38.9+3.85 0. 210815
MP-P 86.87+4.4 86.88+4.53 0.496742 83.18+4.73 84.0615.57 0. 17548
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and the distance of the tip of the mastoid process to ttiee zygomatic arch to the pterion (ZA-P) was 38361

pterion. (MP-P) was 86.84.4 mm and 86.881.53mm on mm and 38.23.85 mm on the left and right side respectively

the left and right side respectively. and the distance of the tip of the mastoid process to the
pterion. (MP-P) was 83.1&.73 mm and 84.66%.57 mm

In the female, all linear measurements weren the left and right side respectively.

elucidated with the distance of the midglabella of frontal

bone to the pterion (G-P) was 92666 mm and 9.28).6 Pterion and Sex-Comparison. Independent 2 samples

mm on the left and right side respectively. The distance tfest was applied to investigate the significant difference of

the pterion to the external occipital protuberance of thgarameters for sex discriminating in Table Il1.

occipital bone (P-EOP) was 1688888 mm and 17.29..16

mm on the left and right side respectively. The ratio of pterion The study enlightens a statistically substantial

distance from G-P per P-EOP was calculated with#fD %%  difference of pterion in the male skulls when compared with

mm and 0.5#0.05mm on the left and right side respectivelypterion of the females. The parameters of skull circumference

The pterion length was 12.88.03 mm and 11.243.56 mm such as G-P, P-EOP, and Ratio are statistically significant

respectively. The distance of the frontozygomatic suture thfferences with p < 0.05. The FZS-P on both sides, ZA-P

the pterion (FZS-P) was 32#826 mm and 33.38.99 only on the left side, and MP-P on both sides are statistically

mm on the left and right side respectively. The distance significant differences with p < 0.05.

Table 1ll. Sex comparison by pterion parameters.

Left Right

Parameters Male Female p-value Male Female p-value
G-P 10.0240.65 9.26+0.66 < 0.00001 9.85+0.62 9.28+0.6 < 0.00001
P-EOP 17.4740.58 16.88+0.88 0.000015 17.65+0.87 17.29+1.16 0.029*
Ratio 0.57+0.04 0.55+0.05 0.003178 0.56+0.04 0.54+0.05 0.008514
Pterion length 12.5744.53 12.08+4.03 0.268112 11.81+£3.73 11.72+3.56 0.447726
FZS-P 35.0444.26 32.78+4.26 0.002099 35.78+4.5 33.38+3.99 0.001243
ZA-P 39.5143.44 38.35+3.61 0.037983 39.2845.7 38.9+3.85 0.338064
MP-P 86.87+4.4 83.18+4.73 0.00001 86.88+4.53 84.06+5.57 0.001432
DISCUSSION

The present study in Thai with infratemporal foss&phenoparietal type of pterion is 81.20 %, Frontotemporal type
of 240 sides from 120 intact skulls illustrates that the moist 1.10 %, Epipteric type is 17.40 % and Stellate type is 0.40
frequent variety of pterion type was Sphenoparietal (88.25. Kamathet al observed the percentage of sphenoparietal
%), Frontotemporal (4.17 %), Epipteric (5 %),and Stellatiype of pterion is 79.25 %, the frontotemporal type is 10.25
(2.08 %), respectively. This information is useful irfb, the stellate type is 6.30 % and epipteric type is 4.20 %.
neurosurgical consideration as Table IV.

Adejuwon et al. acquired these results: 86.10 %

The majority of the studies show the Sphenoparietpterions were sphenoparietal type, followed by
type is the most apparent in the infratemporal fossa of thentotemporal type 8.30 %, and stellate type with 5.60 %,
lateral skull. Apinhasmiet al. observed the percentage ofno epiteric structure was observed. Nagalal obtained

Table IV. Comparison of Murphy’s classification of pterion variation among racial groups.

Previous study Type

Racial groups Spheno-parietal Fronto-temporal Epipteric Stellate
Apinhasmit et al. (2011) Thai 81.20% 1.10% 17.40 % 0.40 %
Adguwon et al. (2013) Nigeria 86.10 % 8.30% 0.00 % 5.60 %
Ruiz et al. (2016) Brazil 90 % 4.54 % 3.64% 1.82%
Kamath et al. (2016) India 79.25% 10.25 % 4.20% 6.30 %
Chaijaroonkhanarak e al. (2017) Thai 93.61 % 4.26 % 213 % 0.00 %
Nayak et al. (2017) India 85.00 % 0.00 % 10.00 % 5.00 %
Kamath & Hande (2019) India 83.00 % 10.00 % 6.00 % 1.00 %
Present study Thai 88.75% 4.17% 5.00 % 2.08 %
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these results: 85.00 % of pterions were sphenoparietal type,  Apinhasmitet al recorded the location of pterion

followed by epiteric type 10.00 %, stellate type with 5.00 %xternally. The pterion was established 38488 mm to

and no frontotemporal type. the superiorly zygomatic arch and 3%4289 mm to the
posteriorly frontozygomatic suture with an average length

Kamath & Hande observed the percentage daff pterion sutures was 115651 mm.

sphenoparietal type of pterion is 83.00 %, the frontotemporal

type is 10.00 %, the epipteric type is 6.00 % and stellate Kamathet al declared the location of pterion with a

type is 1.00 %. Ruizt al obtained these results: 90 %average distance of the center of the pterion from the

pterions were sphenoparietal type, followed byygomatic bone was 36.85.12 mm and 34.353.18 mm

frontotemporal type 4.54 %, epiteric type with 3.64 %,anth males and females respectively. The linear distance

stellate type with 1.82 %. Chaijaroonkhanaetkal (2017) measurement from frontozygomatic suture was 3490}

acquired these results: 93.61 % pterions were sphenoparietah and 29.723.75 mm in males and females respectively.

type, followed by frontotemporal type 4.26 %, and epiteric

type with 2.13 %, no stellate structure was observed. Adejuwonet al measured the average distances from
the pterion externally to the midpoint of the zygomatic arch

For localization of pterion via neighbor parametersyere 39.74 0.505 mm and 37.260.657 mm in males and

measurements of pterion to other parameters are performienales, respectively. Also, the linear mean distances to the

In the present information, in males, the distance of thHentozygomatic suture were 31.870.642 mm and 30.35

midglabella of frontal bone to the pterion (G-P) wa< 0.836 mm in males and females, respectively.

10.02t0.65 mm and 9.8%.62 mm on the left and right sides

respectively. The distance of the pterion to the external Kamath & Hande claimed the midpoint of pterion

occipital protuberance of the occipital bone (P-EOP) wagas situated at an average distance of 37.02 mm above the

17.4#0.58 mm and 17.6%.87 mm on the left and right middle of the zygomatic arch, 28.20 mm behind the

sides respectively. The ratio of pterion distance from G-sosterolateral margin of the frontozygomatic suture. The data

per P-EOP was calculated with 0#8704mm and 0.58.04 obtained will be useful for identifying the pterion location

mm on the left and right sides respectively. The pteridior neurosurgery.

length was 12.5#4.53 mm and 11.88.73 mm respectively.

The distance of the frontozygomatic suture to the pterion

(FZS-P) was 35.0#4.26 mm and35.781.5 mm on the left ACKNOWLEDGEMENTS

and right side respectively. The distance of the zygomatic
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In the female, the distance of the midglabella of fron-
tal bone to the pterion (G-P) was %P866 mm and 9.28).6

mm on the left and right sides respectively. The distance BFYNYACHAROEN, S. & MAHAKKANUKRAUH, P. Varia-
ones anatémicas y estudio morfométrico de Pterion en una po-

the_p_terlon to the external occipital protuberance of trfﬁacién tailandesa asociada con implicaciones clinicas.J.
occipital bone (P-EOP) was 168888 mm and 17.294.16 Morphol., 39(4)1048-1053, 2021

mm in the left and right side respectively. The ratio of pterion
distance from G-P per P-EOP was calculated withD55 RESUMEN: El objetivo de este estudio fue considerar el
mm and 0.540.05 mm on the left and right side respectivelytipo de variacién del pterion y estimar los puntos de referencia
The pterion length was 12.88.03 mm and 11.48.56 mm para localizarlo. Se seleccionaron al azar 120 craneos secos de in-
respectively. The distance of the frontozygomatic suture @viduos tailandeses del Centro de Investigacion de Osteologia
the pterion (FZS-P) was 32#826 mm and 33.38.99 Forense de la Facultad de Medicina de la Universidad de Chiang
mm on the left and right side respectively. The distance Miai. Las distancias de los parametros se midieron mediante un

. . ) caliper Vernier. El tipo esfenoparietal es el mas dominante en la
the zygomatic arch to the pterion (ZA-P) was 383861 poblacion tailandesa con 88,75 %. En el hombre, la distancia de la

mm and 3_8'33'85 mm on the left and right S_'de resF)ecuve%labella al pterion fue de 9,940,64 mm. La distancia de la sutura
and_the distance of the tip of the mastoid process to t Sntocigomatica fue de 35,44 4,38 mm La distancia del arco
pterion. (MP-P) was 83.38.73 mm and 84.0f.57 mm cigomaético fue de 39,38 4,69 mm vy la distancia del apice del
on the left and right sides respectively. proceso mastoideo al pterion fue de 8&,844 mm. En la muijer,
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+ 4,12 mm vy la distancia del apice proceso mastoideo al pteribaculty of Medicine

fue de 83,62 5,16 mm. El abordaje del pterion es el método m&shiang Mai University
utilizado para procedimientos neuroquirirgicos y proporciona v&hiang Mai

riaciones anatdémicas en el patron. El tipo esfenoparietal del pteribBHAILAND

es la forma mas comun y el tipo estrellado del pterion es la forma

menos comun en los créneos tailandeses. El sexo influye en la ubi-

cacion del pterion. Estos hallazgos seran importantes para prelemail: pasuk034@gmail.com
cir el tipo de pterion del craneo en tailandeses y a la vez estimar su

localizacién mediante el uso de un punto de referencia éseo. El

conocimiento de la ubicacion precisa del pterion es un hito impdieceived: 11-04-2021
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