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SUMMARY: The asterion is the joining of the lambdoid, parietomastoid, and occipitomastoid sutures. It is classified into two types,
type | shows small bones or woven bones, while in type I, woven bones are non-existent. In this study, forty cadavertioteck amh
observed the asterion on both sides of skulls showing the approximate ratio of type Il and type | was 3:2. The asteratedmMag loc
measuring the distances from the asterion to skull landmarks, including inion, the root of zygoma, and mastoid tip. Tlstanean di
between asterion and inion was 62.8.0 mm. The mean distance between asterion and the root of zygomatic arch waé.5&18n,
whereas the mean distance between asterion and mastoid tip was$53 hm. The most common location related to the asterion was the
dural venous sinuses on 65 % of tested sides, followed by infratentorial dura and supratentorial dura (25 % and 10 &yyedpactier,
the authors found no differences between sexes, sides, and types in any underlying structures.
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INTRODUCTION

The knowledge of the superficial anatomy is cruciaPivision of Health and Applied Sciences, Faculty of Science.
for the surgeon on the initial success of the neurosurgicEine scalp and soft tissue were removed to expose the lateral
approach. The asterion is the joining of the lambdoidind posterior cranial areas, from the root of zygoma (ROZ) to
parietomastoid, and occipitomastoid sutures (Standring, 2018)0n, foramen magnum, and laterally to the mastoid tip on
It is a superficial anatomical landmark that has not bed®th sides. The heads presenting congenital anomalies of
believed to be related to the underlying posterior fossa dugganial or previous skull procedures were excluded. Cadaveric
but indicated the location of the intracranial venous sinuséormation, including age, sex, type of asterion, and the
(Day & Tschabitscher, 1998). Surgeons must consider tHéstance of surface anatomical landmarks to the position of
appropriate placement of burr holes for craniotomy at thsterion, was recorded and statistically analyzed. In addition,
retrosigmoid approach to avoid venous sinus injury arifie relationship between asterion and the internal surface of
consequent bleeding (Raabe, 2019). As the location of tHee bone, especially the venous sinus in the posterior cranial
asterion varies, in the present study, the type of asterion, figssa, was observed.
relation to the underlying structure, and the distance from skull
landmarks were observed from skulls of Thai male and femal¢pe of asterion. The sutures, including lambdoid,
cadavers. Our findings could be helpful for surgeons i@ccipitomastoid, parietomastoid, and squamosal in each
planning to approach posterolateral intracranial. specimen, were examined to identify the asterion type. The
junction of all these sutures at the asterion area was classified
into two types (Singh, 2012). Type | presented small bone or

MATERIAL AND METHOD woven bone (Fig. 1A), and type Il by absent woven bone (Fig.
1B).

After the institutional ethics committee approvalPosition of asterionThe distance between the critical surface
(REC.64-031-19-2), forty adult human formalin-fixedanatomical landmarks, including the root of thegomatic
cadaveric heads were collected from the Anatomy Progragich (ROZ), the tip of mastoid process (MT), and the inion
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(IN) to asterion were measured (Fig. 2) using stainless st&thtistical analysis.All data were analyzed based on sex
sliding calipers (Mitutoyo®, Japan) with an accuracy of 0.0and skull sides using the R Foundation for Statistical
mm. All measurements were taken four times by two autho®mputing (version 3.6.3). The differences in the type of
and then averaged to minimize bias errors. Then the authasserion were statistically analyzed with the Exact probability
drilled a small hole of 2 mm in diameter at asterion ttest, whereas the distances of the position of asterion between
evaluate the relationship between asterion and inner surfaexes and each side were determined by the two-sample
structures. The cranial vault above the hole was removéffiicoxon rank-sum (Mann-Whitney) test. A probability

In contrast, the underlying structure, the venous sinus in thalue among groups less than 0.05 (P < 0.05) indicated a
posterior cranial fossa, was observed and classified into thegnificant difference.

groups, namely supratentorial dura, dural venous sinus, and

infratentorial dura groups. The two authors (WK and WW)
individually evaluated all aspects of the
study. The authors decided upon the
P asterion type and its underlying structures
in agreement. The distance between
asterion to skull landmarks, as continuous
data, was tested inter-rater reliability with
Bland-Altman plots. Measurements
exceeding the upper- or lower limit of the
agreement were remeasured. This study
used the mean distances for further
statistical analysis.

RESULTS

The forty cadavers in the study

“' - consisted of seventeen females and twenty-
Fig. 1. Type of the asterion. (A) The right posterolateral view of cadaveric head aftgiree males. The mean age of corpses was

scalp and so_ft tissue removal. (B) Asterion type I. (C) Asterion type Il. O: occipitayg 5+ 13 0 years, ranging from 41 to 102
bone, P: parietal bone, T: temporal bone, W: woven bone. years. Asterion was observed on both sides
of skulls (80 sides) with a higher proportion of type Il than
type | asterion. The approximate ratio of asterion type Il
and type | was 3:2 (61.2 % and 38.8 %, respectively). By
sex, the incidence of asterion type Il was 73.5 % in females
and 52.2 % in males, whereas type | was 26.5 % in females
and 47.8 % in males (Table I). To compare the asterion type
between sides, the prevalence of bilaterally asterion type Il
was more common than bilateral asterion type | (40.0 % vs.
17.5 %). However, there was no significant difference
between sex and sides (Table I).

The location of the asterion was measured by the
distances from the asterion to skull landmarks, including
the root of zygoma, mastoid tip, and inion, which have been
shown in Table Il. The longest distance was found in the
line between asterion and inion, 62%.0 mm. The mean

Fig. 2. The distance from the asterion to skull landmarks (on
the right side). C: center of asterion, IN: inion, MT: mastoid
tip, ROZ: root of zygoma.
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Table I. Type of the asterion

Type By sex By side Total (n=80)
Male (n=46) Female (n=34) p-value' Right (n=40) Left (n=40) p-value!'
n % n % n % n % n %
I 22 4738 9 26.5 0.065 16 516 15 48.4 1.000 31 388
11 24 52.2 25 73.5 24 490 25 51.0 49 612

1Exact probability test

distance between asterion and root of the zygomatic areyi type of asterion. The mean distances between asterion
was 58.3+ 6.1 mm. The shortest distance was found in th&nd root of the zygomatic arch were 56.8.7 mm in the

line between asterion and mastoid tip, 54.5.3 mm. In type | asterion and 595 4.7 mm in the type Il asterion.
addition, the authors collected and analyzed the databaseltve latter distances were 5&4.0 mm and 51.6 5.5 mm
sexes, sides, and types of asterion as followed. in type | and Il, respectively (Table II).

By the sex, the locations of the asterion from each After the asterion types and locations were identified,
bony landmark were similar in female and male. The medlne authors found that the most common location related to
distance between asterion and inion was 523 mm in the asterion was the dural venous sinus on 65 % of tested sides,
female and 63.% 6.5 mm in male, the mean distancdollowed by the infratentorial dura and supratentorial dura (25
between asterion and root of the zygomatic arch wast58.¢6 and 10 %, respectively). The type | asterion was rather
4.9 mm in female and 58#66.9 mm in male, and the meanassociated with the venous sinus than infratentorial and
distance between asterion and mastoid tip was #9.8 supratentorial dura (71 %, 12.9 %, and 16.1 %, respectively).
mm in female and 524 5.8 mm in male (Table II). Similarly, the type Il asterion was located at the venous sinus

in 61.2 %, followed by infratentorial dura and supratentorial

By the side, the distances from the asterion to iniodlura (32.7 % and 6.1 %, respectively) (Table IIl). Significantly,
the root of the zygomatic arch, and the mastoid tip were sinthe location of asterion overlaid the dural venous sinus; it was
lar. The mean distance between asterion and inion was 63 .@pically in the transverse-sigmoid sinus junction (51.2 %),
6.4 mm on the right side and 6.6 mm on the left side. only fifteen asterions (18.8 %) were located at posterior fossa
In contrast, the mean distance between asterion and roodofa that just inferiorly to the transverse-sigmoid sinus
the zygomatic arch was 5785.6 mm on the right side and junction, and four asterion (5 %) were superior to the
58.9+ 5.7 mm on the left side, and the mean distance betwelgansverse-sigmoid sinus junction. At the transverse sinus area,
asterion and mastoid tip was 5%8.6 mm on the right side eleven asterions (13.8 %) were located, and five asterions (6.2
and 51.0t 5.1 mm in the left side (Table II). %) were inferior to the transverse sinus, while the lastly four

asterions (5 %) were superior to the transverse sinus (Fig. 3).

The mean distances between asterion and inion wenlewever, the authors found no differences between sexes,

64.5+ 7.9 mm and 61.84.3 mm (type | and Il, respectively) sides, and types in amnderlying structures.

Table 1l. Distance from asterion to anatomical landmarks (mm).

Distance By sex By side By type Total

Male Femae p-value: Right L eft p-value' | 1] p-value

(n=46) (n=34) (n=40) (n=40) (n=31) (n=49)

Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
AS-ROZ 58.59 + 6.92 58.01 +4.93 0.289 57.82 +6.60 58.87 +£566 0.389 56.58 +7.66 59.46 +467 0.1593 58.34 +6.13
AS-MT 52.11 £5.79 49.83 +4.38 0.070 51.24 +5.58 51.04 £513 0.889 50.36 +5.00 51.64 £552 0.435 51.14 +533
AS-IN 6350 £6.54 6218 +5.29 0.316 63.90 *6.42 61.97 £555 0.084 64.51 +786 61.94 £434 0.577 62.94 +6.04

Two-sample Wilcoxon rank-sum (Mann-Whitney) test. AS: asterion, IN: inion, MT: mastoid tip, ROZ: root of zygoma.

Table 11l. Association between type of Asterion and its beneath structures.

Type Structures beneath the Asterion p-value'
Infratentorial Venous Supratentorid
dura sinus dura
n (%) n (%) n (%)
| (n=31) 4 (1290 22 (7200 5 (161) 0.077
Il (n=49) 16 (3270 30 (61.2) 3 (6.1)
Total 20 (25) 52 (65.00 8 (10)

'Exact probability test.
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In brain tumor surgery, the asterion is used as a
landmark in the posterolateral region, such as the
retrosigmoid approach for tumor resection in the
cerebellopontine angle and the suprapetrosal approach for
petrous lesions, so the right point at the beginning of
craniotomy is desirable to approach into skull cavity (Lang
Jr. & Samii, 1991; Ribast al, 2005; Ribas & Rodrigues,
2007). Asterion is classified as type | and Il, where type I
commonly occurs. It can be found some small ossicles
named Wormian bones (Berry & Berry, 1967; Singh) that
derived from the abnormal ossification centers fused into
the typical structure during the skull development (Bellary
et al, 2013). The appearance of Wormian bones may be
. related to genetic factors, artificial cranial deformation, an
Fig. 3. Position of the asterion in relation to beneath dura and th@laptation of skull growth, and metabolic disorders

sinus (purple color). (A) The right posterolateral view of cadaveriqianjula & Santosh, 2012; Cirpaet al, 2015; Hardy &
head showing the underneath the right transverse and sigmoid sirp@m andez-Patron, 2020).

(B) The magnification view, the circle showing the number (n)
and percentage (%) of the location of the center of asterion over

In the previous report of Thailand, asterion was easily

each area. . . - - .
detected in the dry skull, but it was identified with 60-80 %
correctness in fresh cadaver or formalin-fixed heads (Avci
DISCUSSION et al, 2003; Duangthongpaet al, 2016). However, in this

study, the authors ultimately identified both types of asterion
in all formalin-fixed cadavers and provided valuable
information on asterion types and landmarks in Thai

Table IV. Previous studies of type and location of asterion.

Country Authors (year) Number Type of asteion (%) Distance from asterion to landmarks (mm)
of sides | 1 AS - ROz AS-MT AS-IN
Turkey  Ucerler etal., 2006. 100 NA NA 546+55  491+54 NA
Kenya Mwachakaet al., 2010. 63 Mae NA NA 59.06 £+ 2.72 48.36+2.72* NA
38 Female NA NA 58.75+2.02 46.62+3.37* NA
India Singh, 2012. 56 Mae 17.9 82.1 NA NA NA
54 Female 14.8 85.2 NA NA NA
Havadar etal., 2015. 296 Male 18.3 817 NA NA NA
204 Female 20.6 79.4 NA NA NA
Deepak et al., 2015. 54 Mae 25.9 74.1 NA NA NA
Right NA 509+ 4.9 55.8+ 9.5
L eft NA 485+ 85 56.9+ 85
46 Female 28.2 717
Right NA 455+ 6.7 589+ 7.6
L eft NA 455+ 55 57.0+79
Iran Gharehdaghi et al., 2019. 146 Mae 13.7 86.3
Right NA 48.43+2.04 72.87 £1.64*
Left NA 47.60 +2.02* 72.49+1.45
64 Femae 14.7 85.2
Right NA 4384+1.62 64.46 + 3.8*
L eft NA 44,15+ 2.35* 64.96 +4.01
Thaland  Present study. 46 Male 47.8 52.2 5859+6.92 5211+5.79 63.50+6.54
Right 5841+746 51.88+6.26 64.26 £ 6.80
L eft 5877+6.51 5235+5.41 62.74+6.32
34 Female 26.5 735 58.01+4.93 49.83+4.38 62.18+5.29
Right 57.01+533 50.38+4.57 63.42 £6.03
L eft 59.02+£4.43 49.28+4.25 60.93+4.26

AS: asterion, IN: inion, MT: mastoid tip, ROZ: root of zygoma, NA: not available, *statistical significant.
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cadavers. The asterion type found in Thai female cadaveeical reported 59.% 2.7 mm in Kenyan males and 5&8
skulls was similar to males, where the occurrence of asteriai® mm in Kenyan females. In this study, we reported 58.4
type 1l is followed by asterion type I. As well as in Thaist 7.5 mm on the right and 58t3.5 mm on the left of male
the asterion type Il was always the most found in seversitulls, 57.Gt 5.3 mm on the right and 5%3.4 mm on left
ethnicities, including Turks (Ucerler & Govsa, 2006)female skulls. There was no significant difference in distance
Kenyans (Mwachaket al, 2010), Indians (Singh; Pavah between sides and sexes in our study (Table 1V).
al., 2015; Deepak & Dakshayani, 2015), and Iranians
(Gharehdaghket al.,, 2020) (Table IV). However, the The distance between asterion and mastoid tip
occurrence of asterion type | in the Thai population wasocess, Ucerler & Govsa reported measured#9.4 mm
significantly higher than those studied in other races. Faotally in Turkish skulls. In Indians, Deepak & Dakshayani
the asterion type | or asterion presented with sutural bomeported 50.% 4.9 mm on the right, 4855 8.5 mm on the
the authors observed a connective tissue perched alongléfeon male skulls, 45.% 6.7 mm on the right, 4555.5
suture edge; this tissue could be the cause for unclear asternion on the left on female skulls. However, there was a sign
identification and asterion type classification in the cadaveraf this distance between Kenyans and Iranians. Mwachaka
skulls. et al, who found differences between distances in males
and females, recorded 4842.7 mm in Kenyan males and
The measurements of the asterion location with othd6.6+ 3.8 mm in Kenyan females. In contrast, Gharehdaghi
pronounced anatomical landmarks related providet al reported significant differences in distance between
information for the clinical, surgical procedures. The authotbe left and right sides in both maland females. They
collected the database in which the mean distance betweecorded 48.4 2.0 mm on the right, 476 2.0 mm on the
the asterion and the inion, zygoma root, and mastoid tip weedt on male skulls, 43.8 1.6 mm on the right, 4422.4 mm
comparable with the earlier studies' results (Table IV). on the left on female skulls. In this study, we found no
difference in distance between sides and sexesz®BLPmm
On the point of the asterion to the inion distance, ion the right and 52.#4 5.4 mm on left of male skulls, 504
Indians, Deepak & Dakshayani, reported 5585 mm on 4.6 mm on the right and 49434.3 mm on left female skulls
the right, 56.% 8.5 mm on the left on male craniums, 58.4Table V).
+ 7.6 mm on the right, 5787.9 mm on the left on female
craniums. In Iranian, Gharehdagéi al study found Nowadays, a microsurgical innovation technique as
significant differences in distance between the left and rigtite key-hole craniotomy can replace large craniotomies to
sides in both males and females. They recorded#2.8  provide shorter surgery time and avoid severe complications
mm on the right, 72.% 1.5 mm on the left on male skulls,in neurosurgery; theelationship between surface anatomy
64.5+ 3.8 mm on the right, 65.8 4 mm on the left on and underneath structure must be crucially concerned. The
female skulls. We measured 64:3.8 mm on the right, venous sinus was the most common location related to the
62.7+ 6.3 mm on the left on male skulls, 632.4.0 mm on asterion in several studies (Table V). Also, in Thailand, a study
the right, 60.9 4.3 mm on the left on female skulls in ourled by Sripairojkul & Adltrakoon (2000) observed the asterion
study (Table IV). in 66.3 % cases above the venous sinuses, 16.3 % infratentorial,
and 17.4 % supratentorial. In contrast, in the study by
The distance of asterion to the root of zygoma, moBtuanthongporet al (2016) in 90.9 % cases the asterion was
of the results were consistent in each race. In Turkish skuléove venous sinuses, in 3 % located at the infratentorial, and
Ucerler & Govsa measured 54.6.5 mm totally. Mwachaka in 6.1 % at supratentorial position (TaMg

Table V. Previous studies of the structure beneath the asterion.

Country Authors (year) Number Structures beneath the asterion (%)
of sides Infratentoriad dura ~ Venoussinus  Supratentorid dura
Turkey Ucealer et al., 2006. 100 11.0 87.0 20
Kenya Mwachaka et al., 2010. 180 0.6 80.0 194
China Sheng etal, 2012 200 05 785 210
India Degak ¢ al., 2015. 100 320 62.0 6.0
Iran Gharehdaghi et al., 2019. 210 305 58.1 114
Thailand Sripairojkul etal., 2000. 86 16.3 66.3 174
Duangthongpon et al., 2016. 33 3.0 90.9 6.1
Present study. 80 25.0 65.0 10.0
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In the previous studies, Day & Tschabitscher concludeths que en el tipo II, el hueso laminar es inexistente. En este traba-
that the asterion is an unreliable landmark for posterolateiglse estudiaron 40 cadaveres y se observo el asterion en ambos
craniotomy. However, a more accurate performance ¢dos de los craneos correspondientes, mostrando una p_roporc_:ién
craniotomy, which aims to identify posterior fossa dura angxorox'm‘"‘d‘"‘_de tipo Il'y tipo | de 3:2. El asterion se localiz6 mi-
transverse-sigmoid junction, needs other assisting metho lendo las distancias asociadas a puntos de referencia del craneo:

eﬁhion, la raiz del arco cigomaético y el &pice del proceso mastoides.

such as the neuronavigational system. However, the SYSteM yistancia media entre el asterion y el inion fue de 659

has limited availability or accessibility, especially in countriegy,y La distancia media entre el asterion y la raiz del arco

with low resources (Gnanakumar al, 2020). Hall & Gan cigomatico fue de 58;86,1 mm, mientras que la distancia media

(2019) compared the qualitative and quantitative differencestre el asterion y el &pice del proceso mastoides fue de 581

between ten methods to approach the posterior fossa duranat. La localizacion mas comun relacionada con el asterion fue-

the transverse-sigmoid sinus junction, also called key poirien los senos venosos durales en el 65 % de los lados evaluados,

They showed asterion positions away from the key point wiffgguido de la duramadre infrate_ntorial y la dura supratentorial (25

an average of 13:95.2 mm and proposed a method with thg? ¥ 10 % respectivamente). Sin embargo, los autores no encon-

highest accuracy to intraoperative application. In garon diferencias entre sexo, lados y tipo en ninguna estructura
i . . . Subyacente.

retrosigmoid approach described byetial (2014) as novel

coordinate system, the placement of the initial burr hole was PALABRAS CLAVE: Asterion; Craneo: Seno venoso

6.3+ 2.9 mm away from the key point. It is known that eachyral: cadaver: Tailandés.

patient's key point position is located differently (Hall & Gan):

Therefore, planning the surgery with the information of the

patient is probably a suitable method. ¥ial (2012) studied REFERENCES

eighteen patients who underwent retrosigmoid craniotomy by

surgery planning to place the burr hole at the key point withagci, E.; Kocaogullar, Y.; Fossett, D. & Caputy, A. Lateral posterior

preoperative 3D computed tomography comparing the position fossa venous sinus relationships to surface landm&iksy.

of asterion and digastric groove. There the burr hole was setNeurol., 59(5)392-7, 2003.
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