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ABSTRACT

Objective: Supratrochlear and infratrochlear triangles are sur-
gical corridors for approaching the lateral wall of the cavernous
sinus. The literature provides conflicting results for the morphol-
ogy and morphometry of these triangles. Additionally, the possi-
ble effects of vascular structures that drain into the cavernous si-
nus in unknown. This study aimed to investigate the morphology,
morphometry, and vascular relationships of the supratrochlear
and infratrochlear triangles of the cavernous sinus.

Material and Method: Cranial bases of 25 cadavers were dissect-
ed bilaterally under a surgical microscope. Five of the cadavers
were injected with colored silicone for vascular evaluation. The
morphology of supratrochlear and infratrochlear triangles were
classified according to the course of the trochlear nerve. Photo-
grametric measurements were used for evaluating the areas of
both triangles with the ImageJ software. The triangular morphol-
ogy was also investigated in regard to the drainage patterns of
the superficial middle cerebral vein and cranial base dural sinuses.

Results: Type A, B, C, and D triangle morphology was present on
23 (46%), 9 (18%), 10 (20%), and 8 (16%) sides, respectively. The
average areas for supratrochlear and infratrochlear triangles were
22.2 (£11.7) mm? and 78.4 (+27.7) mm?, respectively. The supra-
trochlear triangle was significantly larger in Type D triangles. On
71.4% of injected specimens, the superior petrosal sinus contrib-
uted the cavernous sinus and formed a Type A triangle.

Conclusion: The anatomy of the supratrochlear and infratroch-
lear triangles are highly variable than previously reported. Intro-
ducing the knowledge regarding these variations to neurosur-
gical residency education programs and daily surgical practice
could be valuable.

Keywords: Cavernous sinus, supratrochlear triangle, infratroch-
lear triangle

OZET

Amag: Supratroklear ve infratroklear tcgenler, sinus caverno-
sus'un lateral duvarina ulagsmak icin kullanilabilecek cerrahi ko-
ridorlardir. Literatirde bu t¢genlerin morfolojisi ve morfometrisi
hakkinda celiskili bilgiler bulunmaktadir. Ayrica, sinus caverno-
sus’'a drene olan vaskiler yapilarin anatomiye olan etkileri bilin-
memektedir. Bu ¢alisma sinus cavernosus tcgenlerinde olan sup-
ratroklear ve infratroklear i¢genlerin morfolojisini, morfometrisini
ve vaskiler komsuluklarini incelemeyi amaglamistir.

Gereg ve Yéntem: Yirmibes kadavranin kafa tabani cerrahi mik-
roskop altinda bilateral olarak disseke edildi. Vaskiler yapilarin
degerlendirilmesi amaciyla 5 kadavrada renkli silikon enjeksiyonu
yapildi. Supratroklear ve infratroklear lgcgen morfolojisi, n. tro-
chlearis’in uzanimina gére siniflandinldi. Her iki G¢genin alanlari,
ImageJ yazilimi kullanilarak fotogrametrik ydntem ile dlgiildii. Ug-
genlerin morfolojisi ile v. cerebri media superficialis ve kafa tabani
dural sintslerinin drenaj paterni karsilastirildi.

Bulgular: Tip A, B, C ve D l¢gen morfolojisi sirasiyla 23 (%46),
9 (%18), 10 (%20) ve 8 (%16) tarafta gézlemlendi. Supratroklear
ve infratroklear Ucgenlerin ortalama alanlar 22,2 (+11,7) mm? ve
78,4 (x27,7) mm? dlelldi. Tip D lggenlerde supratroklear licge-
nin daha buytk oldugu gérildi. Injeksiyon yapilan 6rneklerin
%71,4'inde sinus petrosus superior, sinus cavernosus'a drene
olmakta ve belirgin Tip A Gggen meydana getirmekteydi.

Sonug: Supratroklear ve infratroklear t¢cgenler, literatiirde rapor-
landiginin aksine ¢ok varyatifti. Bu cesitlilik bilgisinin beyin cer-
rahisi uzmanlik egitimi ve glnlik cerrahi uygulamaya aktarilmasi
distnulebilir.

Anahtar Kelimeler: Sinus cavernosus, supratroklear tcgen, inf-
ratroklear Gggen
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INTRODUCTION

The oculomotor (CN-III), trochlear (CN-1V), and ophthal-
mic (CN-V1) nerves confine two triangular surgical corri-
dors at the lateral wall of the cavernous sinus (CS) (1). The
supratrochlear (STT) and infratrochlear triangles (ITT),
which are named after their relative location to the CN-1V,
are commonly used in lateral approaches to the CS (1-6).

Although the anatomy and morphometry of the ITT, also
known as the Parkinson'’s triangle, had attracted many re-
searchers (2, 7-13), morphologic studies that investigated
both triangles are limited (9-11). The CN-IV constitutes
borders for both triangles, therefore it is the major ana-
tomical structure that affects the morphology. Lang and
Reiter (10) classified the morphological patterns of these
triangles according to the course of the CN-IV and found
considerable variability (Figure 1). Studies that investigat-
ed the morphology of both triangles on different pop-
ulations provide variable frequencies for morphological
types, which could be attributed to ethnicity (9-11). Addi-
tionally, some studies that evaluated the morphometry of
both triangles provide very similar averages for STT and
ITT areas with little variability (2, 13). Apparently, there is
a paucity of information on the morphology and mor-
phometry of both triangles.

CN-llI
CN-IV —\
CN-v _\'/ CN-V1
Type A cNv2  Type B
CN-V3
\_ —\_/
Type C Type D

Figure 1: Schematic illustration depicting morphological
types of supratrochlear and infratrochlear triangles. CN-III:
Oculomotor nerve, CN-IV: Trochlear nerve, CN-V: Trigeminal
nerve, CN-V1: Ophthalmic nerve, CN-V2: Maxillary nerve,
CN-V3: Mandibular nerve. The figure is based on the classi-
fication of Lang and Reiter (10).

Additionally, it is well known that the CS is also a drain-
age point for the superficial middle cerebral vein (SMCV)
(14, 15). Despite the anatomic detail provided on the STT
and ITT in previous studies (2, 7-13), triangle anatomy in
different venous patterns was not studied.

Therefore, this study was aimed to investigate the mor-
phology and morphometry of the STT and ITT and to

outline the relationships between these triangles and ad-
jacent venous structures.

MATERIAL AND METHOD

Specimens and vascular injections

After ethical committee approval (date: 10.01.2018, num-
ber: 11), the morphology and morphometry of the STT
and ITT were evaluated on 8 female and 17 male (total
25) cadavers. Sixteen cadavers were donors and 9 were
of unclaimed origin. All specimens were obtained from
the Department of Anatomy of Istanbul Faculty of Med-
icine either through the Body Donation Program of the
department or legally procured under Act 2238 (16). All
cadavers were preserved with a formalin-ethanol-glyc-
erine-phenol solution and kept in cold storage (5-8 °C)
after embalming. Average age at death was 60.9 (ranged
between 26 and 85 years).

Among the sample, 5 cadavers were injected with col-
ored silicone into the arteries (red) and veins (blue) ac-
cording to the protocol reported by Sanan et al. (17) for
evaluating the vascular anatomy of the CS.

Dissection protocol and morphological evaluation

All dissections were performed under éx to 25x magnifi-
cation of a surgical microscope (D.F. Vasconcellos S.A., M
1222, Sao Paolo, Brazil). After removing the calvaria with
an oscillating saw, the cerebrum was removed with great
care and the dura covering the CS was kept intact. Cra-
nial nerves from two through to six were cut at subarach-
noid level and their dural entry points were preserved.
For vascular evaluation, the bridging veins connecting
the SMCV to the CS were cut after identification of that
given vein. In most of the cases, the anterior clinoid pro-
cess was drilled in order to evaluate anterior sections of
both triangles. Finally, outer dura covering the CS was
dissected with care. Dissection of the inner dural layer
was only preferred if exposure of cranial nerves were not
adequate. Dural entry points of CN-Ill, CN-IV, and CN-V1
to the lateral wall of the CS were preserved for morpho-
metric evaluation.

The morphology of the STT and ITT was classified accord-
ing to Lang and Reiter (10). In Type A, the CN-IV had a
curved course at the CS and formed two ill defined trian-
gles. In Type B, the CN-IV approximates superiorly to the
CN-lll and the STT was smaller than the ITT. In Type C, the
CN-IV had a linear course at the CS and formed two well
defined triangles. In Type D, the CN-IV was close to the
CN-IIl proximally and to the CN-V1 distally. In this type,
the STT had a bow shape, rather than a triangle (Figure 1).

Drainage pattern of the SMCV was evaluated accord-
ing to the classification of Suzuki and Matsumoto (15) as
sphenopareital, cavernous, emissary, superior petrosal,
basal, squamosal, and combined (Figure 2).
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Figure 2: Schematic illustration of the cranial base sum-
marizing the drainage patterns of the SMCV. Dotted
green lines outline variated course of the SMCV. ACP: An-
terior clinoid process, FM: Foramen magnum. The SMCV
courses medial to the oval foramen and can drain into the
sphenoparietal (1), cavernous (2), and the superior petro-
sal (4) sinuses directly. In emissary pattern (3), the SMCV
drains into the emissary veins around the oval foramen.
The SMCV can pass lateral to the oval foramen at the
base of the middle cerebral fossa and drain into either
the superior petrosal or the transverse sinuses in basal
pattern (5). In squamous (6) pattern, the SMCV passes
more laterally at the squama temporalis and drains into
the transverse sinus. The illustration is based on the clas-
sification of Suzuki and Matsumoto (15).

= x

Measurements and statistical analysis

Morphometry of the triangles were evaluated with photo-
grametry. Digital photographs of the CSs were obtained
from a distance of 20 cm for each specimen. A tape mea-
sure of 10 mm was placed in every CS for calibration of
the image with an editing software. ImageJ (v1.46r, 2013,
NIH, USA) (18) software was used to measure the areas of
both triangles (Figure 3).

The data obtained from ImageJ was transferred to an ex-
cel file and statistical analysis was performed with SPSS
v. 21.0 (IBM SPSS Statistics for Windows, NY; IBM Corp.,
2012). Morphometrical differences between sexes, sides,
and morphological triangle types were evaluated with
Mann-Whitney U test. Values with p<0.05 was considered
as statistically significant.

RESULTS

Morphology and morphometry

Type A, B, C, and D triangles were observed on 23 (46%),
9 (18%), 10 (20%), and 8 (16%) sides, respectively (Figure
4) (Table 1).

The average areas for STT and ITT were 22.2 (+11.7) mm?
and 78.4 (£27.7) mm?, respectively. The differences for
both triangles among sexes and sides were not statisti-
cally significant (Table 2). For STT, Type D triangles had a
statistically larger area compared to Types A (p=0.03), B
(p=0.002), and C (p=0.01) triangles, respectively. For ITT,
differences between areas among morphological types
did not reach statistical significance (Table 3).

Vascular relationships

Of 5 cadavers injected with colored silicone, optimal
evaluation was possible on 9 sides. The SMCV drainage
to the CS was cavernous type on 6 (66.7%), superior pe-
trosal type on 1 (11.1%), emissary type on 1 (11.1%), and
combined type on 1 (11.1%) side (Figure 5). The cavern-
ous types drained into the CS through the anteromedial

= x
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Figure 3: Figure shows area measurements for the supratrochlear (a) and infratrochlaer (b) triangles with
the ImageJ software using the poligon selection tool. CN-lll: Oculomotor nerve, CN-IV: Trochlear nerve,
CN-V: Trigeminal nerve, CN-V1: Ophthalmic nerve.
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Figure 4: Type A (a), B (b), C (c), and D (d) triangle

morphologies. CN-Ill: Oculomotor nerve, CN-IV: Troch-

lear nerve, CN-V: Trigeminal nerve, CN-V1: Ophthalmic nerve.

Table 1: Comparison of previous studies that evaluated

supratrochlear and infratrochlear triangle morphology.

Number of cadavers

Previous study, year / sides used

Morphological triangle type

Type A TypeB TypeC TypeD TypeE

Lang and Reiter, 1984 (10)
Miyazaki et al., 1994 (11)
Kayalioglu et al., 1999 (9)
Present study, 2019

86 sides

108 sides (54 cadavers)
50 sides (25 cadavers)

50 sides (10 adults, 20 tissue blocks)

53.5% 31.4% 8.1% 7% -
15% 60% 15% 5% 5%

35.2% 30.8% 18.5% 6.5% -
46% 18% 20% 16% -

Table 2: Comparison of supratrochlear and infratrochlear triangle areas regarding sex and side.

Female
Supratrochlear 24.2+12.9
Infratrochlear 79.1+29.7
Right
Supratrochlear 25.5+16.4
Infratrochlear 76.8+28

Sex . o
Male Significance (p)
21.5+15.4 >0.05
78.1+27.3 >0.05
Side
Left
19+12.3 >0.05
79.9+27.9 >0.05

triangle (Figure 5). The combined type had two SMCVs,
one with cavernous and the other with superior petro-
sal drainage. Additionally, on 7 sides the superior petro-
sal sinus had contributed to the CS. On 5 out of 7 cases

(71.4%) the CN-IV was relocated superiorly and formed a
Type A triangle (Figure 5). Nevertheless, the sample size
of vascular specimens was not large enough for statistical
evaluation.
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Table 3: Comparison of supratrochlear and infratrochlear
triangle areas regarding morphological types.

Supratrochlear? Infratrochlear®

Type A 227147 77+26.1
Type B 14.1+6.4 83.4+28.2
Type C 17.1+8.7 83.4+37
Type D 36.3+18.3 70.3+20.1

Areas of Type D triangles were significantly larger than Type A
(p=0.03), B (p=0.002), and C (p=0.01) triangles.

Area differences between morphological types did not reach
significance level.

Figure 5: Cavernos (a), emissary (b) and combined

IV and the CN-V1 enables the surgeon to enlarge both
triangles and expose the abducens nerve and the lateral
venous space (5, 19). Moreover, Knosp et al. (23) argued
that approaching CS meningiomas through the ITT pro-
vided more space to work for the neurosurgeon. There-
fore, the course of the CN-IV gains importance for the
microneurosurgical approaches to the cavernous sinus.

There are a few preferred surgical approaches for resect-
ing tumors in and around the CS (20). A cranio-orbito-zy-
gomatic approach allows wide exposure of the entire CS
with minimal brain retraction (20, 21), while an extended
middle fossa approach is used in cases with a tumor at

(c) venous drainage patterns observed in the study.

When the superior petrosal sinus contributed to the CS (black arrows), CN-IV was pushed superiorly and
formed a Type A triangle morphology (d). White arrowheads depict cavernous, black arrowheads depict
superior petrosal, and white arrows depict emissary drainage patterns.

DISCUSSION

The ITT, which was described by Parkinson (3, 4) as a direct
entry route to the CS, forms a common surgical corridor
at the lateral wall of the CS (5, 19). Through this triangle, it
is possible to expose the posterior vertical segment, pos-
terior bend, and the horizontal segment of the internal
carotid artery, the meningohypophyseal trunk, postero-
superior and lateral venous spaces, and the lateral wall
of the pituitary gland (2, 5, 19-22). Conversely, the STT
is a narrow triangle that could be used for accessing the
branches of the meningohypophyseal trunk (5). Despite
the STT being narrow, dissection and retraction the CN-

the posterior CS (21, 24). An additional lateral sphenoid-
ectomy, extended middle fossa approach also provides
tumor resection in cases with petrous apex or Meckel’s
cave involvement (24). A lateral intradural approach al-
lows wide exposure of the CS, especially where the CS
is occupied and/or compressed by tumor resulting in
lateral wall distortion or enlargement (20). However, this
approach prevents direct visualization of the entry points
of the cranial nerves at the lateral CS wall, thus increas-
ing postoperative complications (5, 6, 19, 20). Conversely,
an extradural approach provides a complete exposure of
the tumor bed (20-22). Additionally, working between the
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outer and inner dural layers of the lateral wall enables
tumor resection without compromising the blood supply
of adjacent cranial nerves (20, 21). In selected patients, a
medial (transsellar) or lateral (transpterygoid) extradural
endoscopic endonasal approach has been reported to
yield higher clinical symptom recovery and cranial neu-
ropathy improvement rate especially in cases with inva-
sive adenomas of the CS (25-28).

Although classical texts (5, 19) mention the STT being the
smaller triangle, previous literature reports either similar
(13) or larger (2) areas for the STT (Table 4). Isolan et al.
(2) also reported minimal variability for STT and ITT areas.
The results of this study contradicts previous studies and
found that the STT was larger and areas for both triangles
were highly variable (Table 4). Given the complex and
variable course of the CN-IV (10), it is possible for pre-
vious studies, which only provided linear measurements
for nerves that do not traverse the lateral wall of the CS
linearly, to miscalculate triangle areas. The variable anat-
omy of both triangles described by Lang and Reiter (10),
urged the researchers to use a more reliable method of
measurement (i.e. photogrametry) (18). Therefore, this
study proposes that the areas for both triangles may
be larger than previously reported. Moreover, this study
showed that, especially in Type D morphology, the STT
was siginificantly larger. During surgery, a relatively small-
er ITT might require additional CN-IV dissection and re-
traction. Transient and permanent nerve damage due to
CS surgery is uncommon (30). The major factors respon-
sible for nerve damage are anatomical distortion of the

region or direct involvement of neurovascular structures
due to underlying pathologies such as meningiomas and
aneurysms (20, 23, 30). Nevertheless, extensive manupila-
tion of cranial nerves for imperative exposure during CS
surgery might cause new nerve damages (30). In order to
prevent this, combining different approaches such as ex-
tradural-lateral or extradural-superior approaches could
be utilized for distorted cranial nerves with preoperative
planning (20).

The CS is the primary venous drainage crossroad for the
perisylvian cerebral regions, orbit, and the skull base (14).
The SMCV constitutes the major venous structure that
drains at the lateral wall of the CS (15, 31). It can drain into
the anterior venous space via the sphenopareital sinus,
the lateral venous space directly, or the posterosuperior
venous space via the superior petrosal sinus (14, 15, 31).
In this study, the superior petrosal type SMCV drainage
was observed only in one case. Nevertheless, in the ma-
jority of cases (71.4%) where the superior petrosal sinus
contributed to the cavernous sinuses, Type A morphol-
ogy was observed. This might indicate that the venous
drainage pattern of superficial veins into the CS might
affect the CN-IV anatomy. However, this study could not
support this finding with statistical significance. Thus,
studies with larger sample sizes investigating whether
the venous anatomy involves in triangle morphology are
needed in the future.

Apart from therapeutic applications, understanding the
complex anatomy of the CS has educational challeng-

Table 4: Comparison of anatomic studies that investigated the morphometry of infratrochlear and supratrochlear

triangles.

Previous study, year Medial border®

Supratrochlear triangle

Watanabe et al., 2003 (13) 10.9+4.1
Isolan et al., 2007 (2) 13.18+3.19
Present study, 2019 -
Infratrochlear triangle
Harris & Rhoton, 1976 (7) 13
Sekhar et al., 1987 (12) 17
Inoue et al., 1990 (8) 16.4
Miyazaki et al., 1994 (11) 12
Day & Tschabitscher, 1996 (29) 10.48
Watanabe et al., 2003 (13) 13.1+2.8
Isolan et al., 2007 (2) 10.29+0.99

Present study, 2019 -

Lateral border? Base?® Area
14+3.8 7+2.1 34.1+£151
14.27+1.35 5.51+0.82 36.46+4.34

- - 22.2+11.7

14 6 -

17 5 -

16.5 45 -

13 4 -

11.79 6.94 -
16.4+3.2 6.2+1.4 35.6+14.6
12.33£1.19 4.34+0.44 21.06+4.56
- - 78.4+27.7

3Values for the borders of both triangles are presented as Mean+SD in mm.

®Values for triangle areas are presented as Mean+SD in mm?.
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es, such as low accessibility of cadaveric specimens for
training, available educational material with poor detail
or orientation, and decreased observation opportunities
during noninvasive approaches (16, 20). Therefore, new
educational models that has more accurate anatom-
ical knowledge, are easily accessible, and are reusable
were needed. Chung et al. (32) had provided a detailed
schematic and a three dimensional model of the surgical
triangles around the CS based on the segmentation of
sectional cadaveric data (33, 34) and previous cadaveric
studies (1, 2, 13, 35). This model allowed neurosurgery
residents to simulate and study interhemispheric, pteri-
onal, middle cranial fossa, and retrosigmoid suboccipital
approaches (32). Similarly, Qian et al. (36) have produced
a three dimensional virtual reality model of the sellar
region from cadaveric computed tomography data for
neurosurgical residency training. Both educational mod-
els provide a convenient opportunity to observe complex
spatial relationships and to perform basic skills. Never-
theless, adding further detail, including the variable anat-
omy of both triangles and venous structures into educa-
tional models may present an opportunity for advancing
the neurosurgical training by increasing the anatomical
accuracy and individuality.

A limitation of this study was its relative small sample
size that was used to evaluate vascular anatomy. Some of
reported venous drainage patterns were not observed.
Additionally, a statistical comparison was not possible
between venous drainage types and triangle morpholo-
gies. Therefore, the results should be taken as descriptive
rather than definitive.

CONCLUSION

The morphology and morphometry of supratrochlear
and infratrochlear triangles show siginificant variability.
The supra-trochlear triangle is larger in cases with Type D
triangle morphology. Although Type A triangle morphol-
ogy was frequent in cases with superior petrosal contri-
bution to the CS, future studies that compares different
venous drainage patterns and triangle morphologies are
needed.
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