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Background: The zygoma-inion line (ZI line) is an important surface landmark of transverse sinus in suboccipital craniotomy;
however, previous anatomical studies showed variation in relationship between the ZI line and transverse sinus.
Objective: To study anatomical relationship between the ZI line and transverse sinus.

Material and Method: The ZI line was projected to the inner surface of the skull by using transillumination technique.
Anatomical relationship between the projected ZI line and groove of the transverse sinus was investigated in 60 dried Thai
human skulls (120 sides).

Results: The projected ZI line was located exactly on the transverse sinus in 6 of 120 sides (5 %). In 114 of 120 sides (95%),
the projected ZI line was positioned below the inferior margin of the transverse sinus. The distance between the projected ZI
line and inferior margin of the transverse sinus gradually increased as it moved outward from the midline.

Conclusion: The ZI line is a reliable external landmark for localization of the transverse sinus. Most of the ZI line was located

inferior to the transverse sinus about 4 mm with trend to be lower as transverse sinus moved away from the midline.
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In the management of posterior cranial fossa
lesions, suboccipital craniotomy is one of the most
common neurosurgical approaches. The boundaries
of this approach are defined by the transverse and
sigmoid sinuses. Knowing the exact location of the
venous sinus is essential to avoiding inadvertent entry
into the venous sinus or determining the size of
craniotomy®®, Surface landmarks are important when
mapping for skin incision. The zygoma-inion line (ZI
line) is commonly used as a surface landmark of the
transverse sinus@®+89. However, previous anatomical
studies have described significant variation in the
relationship between the ZI line and transverse
sinus®+®, Race-based genetic differences in size,
shape, and structures of the cranium are known to
exist®?, Race is a factor influencing size of craniotomy
and length of surgical approach; optimal parameters in
one race cannot be applied for the others®®. Therefore,
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the objective of this study was to demonstrate the
relationship between the ZI line and groove of the
transverse sinus in Thai using dried human skull.

Material and Method

Sixty dried Thai adult human skulls were
evaluated in this study. Study of both sides of the skull
yielded 120 sides. At the outer surface of the skull,
both zygomatic roots and inion were identified. At the
inner surface of the skull, the grooves for both the
transverse sinuses and sigmoid sinuses, and the
depression for confluence of sinuses were identified.
After identification of these key structures, the ZI line
was drawn at on the outer surface of the skull (Fig. 1).
The ZI line was then projected to the inner surface of
the skull and traced via transillumination of the skull
using a laser pointer (Fig. 2) positioned perpendicular
to the skull surface. The transverse sinus was marked
at 25%, 50%, and 75% along its length, from the midline.
The projected ZI line was evaluated according to
whether it was positioned exactly on the transverse
sinus or not (Fig. 3). If not, the distance from sinus
margin to the projected ZI line was measured at each of
the 3 points.
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Fig. 1

ZI1 line on the external surface of the skull.

Fig. 2  Transillumination technique for delineating

projected ZI line.
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Fig. 3  Relationship between ZI line (dotted line) and

transverse sinus.
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Descriptive statistics included mean and
standard deviation. Difference between mean value of
the distance from the sinus margin to the projected ZI
line between the right and left side was analyzed by
paired-samples t-test using SPSS v. 11.5. A p-value of
less than 0.05 was considered statistically significant.
This study was approved by the Siriraj Institutional
Review Board (SIRB).

Results

The projected ZI line was located exactly on
the transverse sinus in 6 of 120 sides (5%), with 2
presenting on the right side and 4 presenting on the
left.

In the remaining 114 sides (95%), the projected
Z1 line was positioned below the inferior margin of the
transverse sinus. The distance between the projected
Z1 line and inferior margin of the transverse sinus
gradually increased as it moved outward from the
midline. The distance between the projected ZI line
and lower margin of the transverse sinus is described
in Table 1.

Discussion

Suboccipital craniotomy is one of the most
common craniotomies for the management of posterior
fossa lesions. Two factors must be considered
regarding bony exposure in this area, to include
avoidance of inadvertent entry into the regional venous
sinus and limitation of bony opening. Given that the
boundaries of this approach are defined by the
transverse and sigmoid sinuses, knowing the precise
location of the venous sinus is essential®®.

There are several landmarks on the skin or
skull that can be used for locating the venous sinus.
Surface landmarks are preferable for skin incision, given
that bony landmarks are non-visible. As compared to
accurate and reliable advanced technological navigation
systems, these surgical landmarks are crude and
variable®”. However, this novel navigation alternative
is often not suitable for emergency situations and may
not be available. As such, this specialized anatomical
knowledge is essential for neurosurgeons.

The ZI line is commonly used as a surface
landmark for locating the course of transverse
sinus®#&9), Previous anatomical studies reported
varying results. Day et al reported that the superior
nuchal line (SNL), a line starting from the zygomatic
root and ending at the inion (same as the ZI line), was
reliable for locating the transverse sinus®. According
to their findings, the transverse sinus was found to lay
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Table 1. Distance from lower margin of transverse sinus to projected ZI line

Distance (mm) Right Left p-value Average of both sides
Mean + SD Mean + SD Mean + SD

At 25% from midline 4.25+2.47 3.89+2.09 0.23 4.08+2.20

At 50% from midline 4.37+2.26 4.51+1.89 0.82 4.45+2.07

At 75% from midline 4.53+2.06 4.57+2.02 0.91 4.55+2.02

along the axis of the SNL in all cases. Bozbuga et al
studied dried human skulls®. They found the SNL
roughly parallel and below the lower margin of the
transverse sinus in all specimens. From their study, the
mean distance between the SNL and lower margin of
the transverse sinus was 7.9 mm on the right and 8.1
mm on the left. Ugur et al, using dried human skulls and
transillumination method, also found the midpoint of
the ZI line inferior to the groove of the transverse sinus
in all specimens. The mean distance in their study was
12.6 mm on the right side and 13.1 mm on the left®.

A radiological study of cranial surface
landmarks and the venous sinus was conducted by
Sheng et al®. They used CT angiography and found
that 70% of the ZI lines projected onto the transverse
sinus at the proximal end, but gradually moved below
the transverse sinus at the distal end. They concluded
that the ZI line was not an accurate landmark for locating
the transverse sinus. In our opinion, the use of 2-
dimensional radiological images of the ZI line for
purposes of locating the transverse sinus is less
accurate than 3-dimensional anatomical study.

Moreover, there are race-related differences
in size, shape, and structure of the cranium®®,
Accordingly, external landmarks which may be suitable
for use in one race may be unreliable for another. Low
et al found that Europeans have a greater petrous angle
than Chinese and recommended a larger-sized
craniotomy in Europeans®.

Inthis study, the ZI line was positioned mostly
below the inferior margin of the transverse sinus. Only
5% of the ZI lines projected exactly on the transverse
sinus and none were located above the transverse
sinus. The ZI line had trend to be lower as the transverse
sinus moved away from the midline. The mean
distances from the lower margin of the transverse sinus
were 4.08 mm, 4.45 mm, and 4.55 mm at 25%, 50%, and
75% distance from the midline, respectively. There was
no statistical difference between right and left side.
The results imply that performing suboccipital
craniotomy using the ZI line as a surgical landmark is
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associated with low risk of exposure or injury to the
transverse sinus.

Conclusion

The ZI line is areliable external landmark for
identifying the location of the transverse sinus. Most
of the ZI lines were located approximately 4 mm inferior
to the transverse sinus and it had trend to be lower as
the transverse sinus moved away from the midline.

What is already known from this topic?

The ZI line is an imaginary line commonly
used as a surgical landmark of the transverse sinus in
surgery of the posterior cranial fossa. Varied anatomical
relationships between a line connecting the zygomatic
root with the inion, and the transverse sinus were found
in previous studies.

What this study adds?

Almost all of the ZI lines located inferior to
the transverse sinus indicates that the ZI line isa reliable
surgical landmark of posterior cranial fossa surgery for
avoiding accidental injury of the sinus. The distance
between the ZI line and transverse sinus tends to
increase when the transverse sinus moves laterally.
These results can be applied for Thai people.

Potential conflicts of interest
None.

References

1. LangJJr, Samii A. Retrosigmoidal approach to the
posterior cranial fossa. An anatomical study. Acta
Neurochir (Wien) 1991; 111: 147-53.

2. DayJD, Kellogg JX, Tschabitscher M, Fukushima
T. Surface and superficial surgical anatomy of the
posterolateral cranial base: significance for surgical
planning and approach. Neurosurgery 1996; 38:
1079-83.

3. Tubbs RS, Salter G, Oakes WJ. Superficial surgical
landmarks for the transverse sinus and torcular

J Med Assoc Thai Vol. 100 Suppl. 3 2017



herophili. J Neurosurg 2000; 93: 279-81.

. Bozbuga M, Boran BO, Sahinoglu K. Surface
anatomy of the posterolateral cranium regarding
the localization of the initial burr-hole for a
retrosigmoid approach. Neurosurg Rev 2006; 29:
61-3.

. Kobayashi K, Matsui O, Suzuki M, Ueda F.
Anatomical study of the confluence of the sinuses
with contrast-enhanced magnetic resonance
venography. Neuroradiology 2006; 48: 307-11.

. Gharabaghi A, Rosahl SK, Feigl GC, Safavi-Abbasi
S, Mirzayan JM, Heckl S, et al. Image-guided lateral
suboccipital approach: part 2-impact on
complication rates and operation times.
Neurosurgery 2008; 62: 24-9.

. daSE, Jr., Leal AG, Milano JB, da SL Jr, Clemente
RS, Ramina R. Image-guided surgical planning
using anatomical landmarks in the retrosigmoid

J Med Assoc Thai Vol. 100 Suppl. 3 2017

10.

11.

approach. Acta Neurochir (Wien) 2010; 152: 905-
10.

Ugur HC, Dogan I, Kahilogullari G, Al Beyati ES,
Ozdemir M, Kayaci S, etal. New practical landmarks
to determine sigmoid sinus free zones for
suboccipital approaches: an anatomical study. J
Craniofac Surg 2013; 24: 1815-8.

Sheng B, LV F, Xiao Z, Ouyang Y, Lv F, Deng J, et
al. Anatomical relationship between cranial surface
landmarks and venous sinus in posterior cranial
fossa using CT angiography. Surg Radiol Anat
2012; 34:701-8.

Blumenfeld J. Racial identification in the skull and
teeth. Totem: The University of Western Ontario
Journal of Anthropology 2000; 8: 21-33.

Low WK, Fenton JE, Fagan PA, Gibson WP. Racial
considerations in acoustic neuroma removal with
hearing preservation via the retrosigmoid
approach. Acta Otolaryngol 1995; 115: 783-6.

S57



U

MIANYINNMEINIAMansIHamANudNTus szn 1auansaanaszaalnuaunuldalunszganan

nzlnandsyeamunasnylnsenasaiaaaauuivindlunglnanasyzunivedaylng

lvaJa dudsansna, vssna ansuiugasse, Ysziny assiia, Uqain ansuduns, 5swa gy, wengal duun)

)

4,
ﬂilﬁﬂd‘ lﬂuﬁlfﬂlﬁﬁ)?ﬂf)i ﬂf)i?’iilﬁlmllwﬂ\ﬁjﬂﬂi ﬁflﬂﬁNﬂwZﬁﬁﬂﬂﬁl ﬂ71!7’/@0!7.7%f]ﬂﬁdmﬁmMllﬂfmmﬁﬂlflﬂ/iﬁ/llﬂmll?iild‘llf]d

vy
Insanaeaidens iy lumsn 7¢'7ﬁli7ﬁlﬁu Tnandsy 7’170@721745’7@ o¢ N IsfimumsAnymmeimamansnaumuiny ﬂﬂ??ﬂl!lﬁ)ﬂmd

1

7/80?]3711?/1!7’11!55 M??J!ﬁﬂﬁﬂl/ﬂﬁiﬁﬁﬁﬂﬂ[if\/ﬂHﬁt’)ﬂlﬁﬂﬂﬂ?llﬂ?%?d

Tanlse ENﬂ' lWﬂﬂﬂtl?ﬂ?71/f/JJW1JﬁWNﬂ7mmF)ﬂ7ﬁWﬁuW??J!ﬁﬂﬂﬂﬂﬂf]?flﬁi ﬂﬂ[ﬁuﬂllﬂﬂyﬂﬂiﬂﬁﬂi annanne «Inandsy ﬂ?iJ?’/fN

9

AulnsanaeniaenmuuIvIN

o 1
[

Jaguaz3ims: Anc wuwuﬁmumzfmﬁwmmns ﬂniwummﬂifﬂwfnm annannzInandsys pmundlnge i an a0 TABIR TN
nsTiandrye amiSsinR A s aaNAR IR YT s aemiFonm v Tun: THandy=unavaaaulne 60
lwan (120 WVN)

wanisAnwn: TR A Ghinsznnain:Tandswse nd srousivuinsmaoaidandmaios 6
1 120 4 (5:70@: 5) ualy 114 i (i:?ﬁﬁ: 93) wm'muz;ﬁ@ﬁmﬁﬂ7nn5:g;n?74unun§¢71]{704%5:gznnmmzl’ﬁan%ym§uﬁa”d
aglﬁflmy}wamlnwaa[wmaamﬁaﬁﬁmummx :74'745:143'7411mwaamyz,/f/mﬁﬂ”mﬁ}m”zﬂwmaamﬁﬂmﬁuumwﬂéﬂ7 iiuiamion
oonlumanuniaveanzliandiu

ajil: iauauNA9InAs: ﬂnimxmmﬂdaﬂmni panarinsTnandsys @mr/mtﬂmmenﬁmwuanmanﬂﬁ7un755 z/mzmwiww
HAeALABARATULIVIN zﬁuﬁmwmnmzﬁm?mbgw7mﬂwmaamaﬂmmmwwdﬂmm 4 daawns zmsﬂumhxmsagmm

mamaauaan7ﬂn7aﬂ7wwam Tnandsus

S58 J Med Assoc Thai Vol. 100 Suppl. 3 2017



