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Radiologic Evaluation of the Prechiasmatic Sulcus
in Adults and Clinical Implications

ABSTRACT

Background: The present work intended to analyze the prechiasmatic sulcus types in
adults via cone-beam computed tomographic images.

Methods: Four hundred randomly selected adult patient files registered in the elec-
tronic system of Gaziantep University Faculty of Dentistry were investigated retro-
spectively. The morphological features of the prechiasmatic sulcus including its size,
angulation, and classification were revealed.

Results: The planum length was measured as 11.82+312 mm (4.70-20.72 mm), the
sulcal length as 5.61+1.50 mm (1.82-11.20 mm), the sulcal angle (SA) as 18.66+990°
(0-50.60°), and the interoptic distance as 17.65+2.14 mm (8.60-24.52 mm). The interop-
tic distance was greater in male samples compared to females (P <.001); however, the
sulcal angle (P=.834), sulcallength (P=.658), and planum length (P=.326) were similar
in genders. Considering the average groove length and angle, the narrow steep sulcus
was observed as 22.25% (89 cases), the narrow flat sulcus as 26.75% (107 cases), the
wide steep sulcus as 25.5% (102 cases), and the wide flat sulcus as 25.5% (102 cases).

Conclusions: The findings of this radiologic study may be helpful for neurosurgeons,
neuroradiologists, and otorhinolaryngologists in selection of patients suitable for sur-
gical approach (e.g., endonasal or transcranial), by providing categorization of the
prechiasmatic sulcus during resection of sulcus-related pathological entities.

Keywords: Adult, cone-beam computed tomography, prechiasmatic sulcus, sellar
region

INTRODUCTION

The complex anatomy of the suprasellar region leads to the diversification of surgical
approaches (endonasal, pterional, subfrontal, supraorbital, etc.) in the resection of lesions
such as meningiomas." Anatomic variations of the prechiasmatic sulcus (PS), the groove
between the limbus of the sphenoid and tubercle of the sella turcica, may resultin a tech-
nical challenge for operation teams (neurosurgeons, neuroradiologists, and otorhinolaryn-
gologists) in terms of determining appropriate approach.’ Taking into account the sulcal
angle (SA) (steep sulcus > mean angle and flat sulcus < mean angle) and sulcal length (SL)
(wide sulcus > mean length and narrow sulcus < mean length), the PS was identified by
Guthikonda et al' as 4 types: the wide flat sulcus (WFS), wide steep sulcus (WSS), narrow
flat sulcus (NFS), and narrow steep sulcus (NSS). Guthikonda et al'recommended the pteri-
onal approach in a case with the NSS during removing tumors such as meningioma, while
the supraorbital or subfrontal approach in a case with the WFS. They also proposed tran-
scranial techniques in a case with a narrow groove, whereas transsphenoidal approaches
in a case with a wide groove.'

This classification, based on the average angle and length of the groove, facilitates the
selection of patients suitable for surgical procedures such as endonasal and transcranial
approaches.”* It is known that computed tomography imaging will be beneficial before
many skull base surgeries.® In accordance with this, Guthikonda et al’ recommended per-
forming a preoperative radiological evaluation prior to resection of pathological entities,
as the PS types enable the categorization of the suprasellar region. In the literature, the
sulcus types were studied in different populations (e.g., Turkish, Greek, and American),
samples (e.g., adult dry skulls, fetuses, and children), and techniques (radiologic or direct
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Figure 1. The suprasellar region was presented in the photographs.
Cl, clivus; LS, limbus of sphenoid; TS, tubercle of the sella turcica; ACP, anterior clinoid process; OS, optic strut; ES, ethmoidal spine;
SS, sphenoid sinus; DS, dorsum sellae.

anatomic measurements)."**¢ As far as we know, radiological
analysis is limited to Beger et al’s® study conducted on pediatric
patients aged under 20 years. It is known that the most critical
disadvantage of dry bone studies is the difficulty in knowing
the gender, age, and ethnic characteristics.” Besides, the bone
structures can be seen quite clearly on the cone-beam com-
puted tomography (CBCT) images.® In this context, the present
work intended to presentthe PS typesin adult subjects via CBCT
images.

METHODS

This study, which was carried out on the images in the CBCT
archive in the Dentomaxillofacial Radiology Department of the
Gaziantep University Faculty of Dentistry, was approved by
the Gaziantep University Clinical Research Ethics Committee

MAIN POINTS

e Endonasal approaches may be proffered in cases with
wide interoptic distance (which is taken into consider-
ation as the distance between the right and left lateral
opticocarotid recesses at endoscopic transnasal appear-
ance), as the groove provides a spacious endoscopic field
of view.

In this context, a successful and effective surgical cor-
ollary in the sellar region including the prechiasmatic
sulcus may be thought to be dependent on detailed ana-
tomical knowledge (exhaustive classifications, extended
morphometric datasets, etc.) of an operation team.
These findings about the prechiasmatic sulcus may be
useful for operation teams in selections of patients suit-
able for surgical approaches such as endonasal and tran-
scranial approaches.
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(Decision number: 2020/377). Images of the patients who
applied for CBCT for any reason after ethical approval were
evaluated retrospectively. The inclusion criteria in the popula-
tion were: (a) 400 randomly selected adult cases, 200 males and
200 females, (b) cases over 18 years, (c) cases without fractures
in skull bones, (d) cases without genetic or syndromic malfor-
mations such as cleft lip and cleft palate, (e) patients without
tumoral, infectious, or vascular diseases in the head region, and
(f) patients with high-quality CBCT scans. The exclusion criteria
of the work were as follows: (a) cases below 18 years, (b) cases
with vascular lesions, infectious diseases, tumors, fractures,
and malformations (genetic or syndromic) in the head areaq, (c)
cases with low-quality CBCT scans, and (d) cases after 400 ran-
domly chosen patients. Using a CBCT device (Planmeca ProMax
3D Mid, 90 kV, 9-12 mA, 12-14 s, voxel size: 0.4 mm?3, Helsinki,
Finland), the patients’ heads were scanned in standard imaging
protocol to obtain axial, coronal, and sagittal scans with 1-mm
slice thickness.

First, anatomical landmarks are determined in sagittal and
transverse sections (Figure 1), and the following 4 parameters
were examined (Figure 2):

The interoptic distance (IOD): the distance between both optic
struts’ posteromedial aspects

The planumlength (PL): the distance from the ethmoidal spine to
the limbus of sphenoid

SA: the angle between the PS and sphenoidal yoke

SL: the distance from the limbus of sphenoid to tubercle of the
sella turcica

Later, according to the study of Guthikonda et al' the PS was
classified into 4 types considering the average sulcus length and
angle: NSS, NFS, WSS, and WFS.
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Figure 2. The parameters were presented in the photographs. a, sulcal angle; b, planum length; c, sulcal length; d, interoptic

distance.

Statistical Analysis

The Shapiro—Wilk test was used to test the suitability of mor-
phometric values for the normal distribution. The independent
sample t-test was utilized for sex comparison. Through the
Pearson correlation coefficient test, the relations between the
morphometric values were evaluated. Alterations in the param-
etersrelative to the classification of the PS were investigated via
the one-way ANOVA and post hoc Bonferroni tests. The relation
between sex and the PS types was assessed with the Chi-square
test. Statistical Package for the Social Sciences (SPSS) version
22.0 (IBM SPSS Corp.; Armonk, NY, USA) was used for statistical
analysis, and the significance level for statistical analysis was
accepted as P < .05.

RESULTS

The CBCT images of 200 females (mean age: 42.22+14.25) and
200 males (mean age: 43.83+14.33) were examined in detail.
There was no statistically significant difference between the
genders (P=.261). The average values + standard deviations of
the parameters were presented in Table 1. Our findings were as
follows:

The 10D was greater in males compared to females (P < .001);
however, the SA (P=.834), SL (P=.658), and PL (P=.326) were
similar in males and females (Table 1).

The PL was very weak and negatively correlated with the SA
(P=.007,r=-0134),and the SL was very weak and positively cor-
related with the SA (P <.001, r = 0.161) (Table 2).

Consideringthe average values of the SL (wide groove > 5.61mm,
narrow groove < 5.61 mm) and SA (steep groove > 18.66°, flat
groove < 18.66°), the NSS was observed as 22.25% (89 cases), the

Table 2. Correlations Between the Parameters

Parameters PL(mm) 10D (mm) SA(’)
SL (mm) r 0058 -0.065 0.161*
P 246 197 .001
PL (mm) r -015 -0.134*
P 762 .007
IOD (mm) r 0.020
P .694

*P values are statistically significant for these r values (P < .05).
SL, sulcal length; PL, planum length; 10D, interoptic distance,
SA, sulcal angle.

NFS as 26.75% (107 cases), the WSS as 25.5% (102 cases), and the
WFS as 25.5% (102 cases) (Figure 3).

As expected, the SL in subjects with the WSS and WFS was
greater than that in subjects with the NSS and NFS (P < .001).
Moreover, the SA in subjects with the NSS and WSS was greater
than thatin subjects with the WFS and NFS (P <.001) (Table 3).

The 10D did not alter according to the PS types (P=.054),
whereas the PL in subjects with the NSS was smaller compared
to thatin subjects with the WFS and NFS (P=.001) (Table 3).

The distribution percentage of the PS types according to sexes
showed that the classification of the optic groove was not
related to sexes in adults (P=0.726) (Table 4).

The dispersion ranking of the types in male samples was
observed as WFS (27.5%) > NFS (25.5%) > WSS (24%) > NSS (23%),
whereas thatin female samples as NFS (28%) > WSS (27%) > WFS
(23.5%) > NSS (21.5%) (Table 4).

Table1. The Measurements of the PS and Also Sex Comparison

Parameters All Samples Males Females P
SL (mm) 5.61+1.50 (1.82-11.20) 5.64+1.55 5.57+1.46 .658
PL (mm) 11.82+3.12 (4.70-20.72) 11.98+3.21 11.67+3.03 .326
10D (mm) 17.65+2.14 (8.60-24.52) 18.28+2.18 17.02+1.91 <.007*
SA () 18.66+9.90 (0-50.60) 18.77+10.01 18.56+9.81 .834

SL, sulcallength; PL, planum length; IOD, interoptic distance; SA, sulcal angle.

182

entupdatesjournal.org



Beger et al. Radiologic Evaluation of the Prechiasmatic Sulcus
ENT UPDATES 11(3):180-187

Figure 3. Types of the PS. NSS, narrow steep sulcus; NFS, narrow flat sulcus; WSS, wide steep sulcus; WFS, wide flat sulcus;
PS, prechiasmatic sulcus.

Table 3. Comparison of the Parameters According to the PS Types

Parameters NSS (N=89) NFS (N=107) WSS (N=102) WFS (N=102) P

SL (mm) 4.46+0.82°¢ 4.34+0.87°¢ 6.83+0.94 6.71£1.02 <0.007*
PL (mm) 10.72+2.83°¢ 12.29+3.41 11.85+3.01 12.28+2.94 0.007*
10D (mm) 1814+1.77 17.48+1.94 17.32+2.48 17.74+2.22 0.054
SA (") 2612+6.23% 10.65+5.21° 27.36+7.82¢ 11.87+4.83 <0.007*

eComparison to NFS; *Comparison to WSS; <Comparison to WFS. *Statistical difference (P < .05).
SL, sulcallength; PL, planum length; IOD, interoptic distance; SA, sulcal angle; WFS, wide flat sulcus; WSS, wide steep sulcus; NFS, narrow flat
sulcus; NSS, narrow steep sulcus.

Table 4. Distribution of the PS Typesin Males and Females DISCUSSION

PS One of the essential ways to avoid technical challenges during
Types Males Females Total P . S .

the treatment of sellar lesions (e.g., meningioma) is to under-
NSS 46 (23%) 43(21.5%) 89 (22.25%) 726 stand the complex anatomy of the region.”™ For instance,
NFS 51(25.5%) 56 (28%) 107 (26.75%) the sphenoid sinus pneumatization deficiency leads to defi-
WSS 48 (24%) 54 (27%) 102 (25.5%) cient bone thickness, obscure anatomical landmarks, and a
WES 55 (27.5%) 47 (23.5%) 102 (25.5%) decrease in |OD; therefore, its lack poses a risk for damage
Total 200 200 400 to neurovascular structures during endonasal approaches

even when implemented under neuronavigation.”” Since
transnasal approaches are thought to be contraindicated in
patients with pneumatization deficiency (especially in young

PS, prechiasmatic sulcus; WFS, wide flat sulcus; WSS, wide steep
sulcus; NFS, narrow flat sulcus; NSS, narrow steep sulcus.
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children), transcranial techniques may be recommended.” ™
Guthikonda et al’ defined the chiasmatic ridge as a bony pro-
jection of the sphenoidal yoke over the PS and argued that a
hidden area formed by the ridge during resection of the sel-
lar lesions with pterional or subfrontal approaches might
resultin aresidual tumor due to the limitation of the surgeon'’s
field of vision. In such cases, the chiasmatic ridge should be
resected or a different surgical procedure such as transnasal
approaches should be preferred during preoperative radio-
logic evaluation.”™ On the other hand, anatomical structures
(the lateral opticocarotid recess, optic strut, anterior clinoid
process) associated with the PS may be used aslandmarks dur-
ing surgical interventions in the sellar region."?""5"® Endonasal
approaches may be proffered in cases with wide IOD (which
is taken into consideration as the distance between the right
and left lateral opticocarotid recesses at endoscopic transna-
sal appearance), as the groove provides a spacious endoscopic
field of view."*®” |n this context, a successful and effective
surgical corollary in the sellar region including the PS may be
thought to be dependent on detailed anatomical knowledge
(exhaustive classifications, extended morphometric datasets,
etc.) of an operation team.

The range (3.91-8.70 mm) of average SL in previous stud-
ies conducted on fetuses (3.91 mm),® children (6.94 mm),*> and
adults (4.75-8.70 mm)"*"?2* was given in Table 5, which showed
that after birth, the length did not vary in accordance with
our adult data (5.61+1.50 mm). The SA (18.66+9.90°) in this
study was smaller than that (mean range: 24.05-31.01°) in
previous works focused on the fetuses (24.52°),% children
(31.01°),® and adults (24.05-31.00°)." In their fetal investiga-
tion, Beger et al®reported that the angle reached adult dimen-
sion in the prenatal period, taking into account the adult data
in the literature"; nevertheless, in their radiologic examina-
tion focused on children aged between 0 and 20 years,® the
authors observed that the angle did not alter after birth (41.05°
ininfants) up to prepubescent (33.61°) but it decreased statisti-
cally in postpubescent (22.12°) (Table 5). Although the average
angle in our adult population was lower than those available
from the previous adult works,"* it seemed to promote inter-
pretations of Beger et al (who argued that the growth dynamic
of the angle possibly depending on the spheno-occipital syn-
chondrosis and sphenoid sinus pneumatization showed an
erratic downward trend in pediatric subjects) and Kier and
Rothman? (who explained that increased pneumatization
of the sphenoid sinus might result in the more uncertain and
more flat groove). The PL (11.82+3.12 mm) in our adult popula-
tion was greater than that in fetuses (6.55+1.51 mm)® whereas
smaller than thatin children (14.84+4.12 mm)®and adults (14.10-
19.00 mm)."#1%25 The |OD (17.65+2.14 mm) in this study was found
in accordance with adult (14.40-19.30 mm)"4%2122 and child
(14.70+2.85 mm)* measurements in the literature but greater
than fetal data (6.88+1.04 mm).¢

In the literature, average values of the parameters were
offered in a wide range (Table 5).13461719-2525 The reasons
for differences between the studies might be listed as fol-
lows: (a) demographic features (age, race, region, sex, etc.),
(b) materials (cadavers, dry skulls, patients, etc.), (c) skull base
development (fetuses, children, adults), and (d) measurement
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techniques (radiologic or anatomical investigation, i.e., digi-
tal caliper, goniometer, or software). For example, no dif-
ference was discovered between measurements of the PL,
SA, or SL in terms of sexes. Beger et al® found that the SL in
boys (715+1.37 mm) was statistically greater than that in girls
(6.74+1.09 mm). Also, Kanellopoulou et al* declared that the
SA in females (14.82+12.43°) was statistically smaller compared
to that in males (28.29+15.24°). Similar to measurements of
Beger et al®* (14.21+2.70 mm for girls, 15.20+2.92 mm for boys),
we sighted that the IOD in females (17.02+1.91 mm) was sta-
tistically smaller than that in males (18.28+2.18 mm). One of
the reasons triggering difference between the studies may
be working methodology. The SA in our adult samples (mea-
surements with the software on CBCT images) was found
smaller compared to the studies focused on adults (mea-
surements with goniometer on dry skulls)."* Considering the
study of Guthikonda et al' (e.g., the IOD in American samples:
19.30+2.40 mm), Kanellopoulou et al* reported that regional or
ethnic differences might significantly affect the morphology of
the sellar region including the PS (e.g., the IOD in Greek sam-
ples: 16.90+2.50 mm). On the other hand, prenatal and postna-
tal development processes of the skull base directly change the
groove morphology.>¢#24 Depending on the spheno-occipital
synchondrosis and sphenoid sinus pneumatization, the groove
evolves to a flatter shape®?; therefore, the SA in children
(infants and young children) is higher than in adults.?

Taking into account the classification of Guthikonda et al.” the
PStypesinouradult population were putinorder as NFS (26.75%)
> WSS (25.5%)=WFS (25.5%) > NSS (22.25%). This collocation
was not compatible with the rankings in fetuses (WSS, 30.43%
> NSS, 26.09% > NFS, 21.74%=WFS, 21.74%),° children (WFS,
26.5% > NFS, 26% > NSS, 24% > WSS, 23.5%),> and adult dry
skulls (NSS, 30-35.8% > WFS, 29-32.1% > NFS, 18.5-22% > WSS,
13.6-19%) (Table 6)."* Beger et al® stated that the PS type dis-
persion was affected by ages in children (e.g., infants vs. post-
pubescents) (Table 6). This explanation may explain why our
ranking is different from fetuses and children. The distribu-
tion in our adult examination (radiologic work) was distinctly
different from the order in the previous studies conducted on
adult dry skulls (anatomical work)."* In our opinion, this situa-
tion might be due to methodological differences. On the other
hand, the percentage of the patients with steep groove (NSS
and WSS) in females (44.44% for fetuses, 43% for children, and
36.4% for adult dry skulls) was reported as lower than that in
males (64.28% for fetuses, 52% for children, and 51.8% for adult
dry skulls).>#¢ In this study, this percentage in adult males (47%)
was found as similar to adult females (48.5%). This observa-
tion seemed to contradict the explanation of Beger et al*¢ (who
claimed that the groove was flatter in girls). In this study, the
10D, SL, and SA (except the expected difference due to the clas-
sification) did not vary according to the PS types, but the PL in
samples with the NSS was smaller than that with NFS and WFS.
Kanellopoulou et al* reported greater PL in NFS and WFS than
in the NSS and WSS and greater length in WFS than in NFS.
Beger et al®* and Kanellopoulou et al* found greater SL in WFS
than in WSS. Beger et al® measured greater SA in NSS than in
WSS, while Kanellopoulou et al* measured greater angle in the
NFS than in the WFS. Beger et al® observed greater IOD in WFS
thanin WSS.
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Table 6. The Literature Data Related to the PS Types

Studies Regions Numbers Samples Ages NSS (%) NFS(%) WSS(%) WFS (%)
Guthikonda USA 100 Dry skulls Adult 30 22 19 29
etal
Kanellopoulou Greece 96 Dry skulls Adult 35.8 18.5 13.6 321
etal* 29 Males - 29.6 259 22.2 22.2
17 Females - 18.2 18.2 18.2 45.5
Begeretal® Turkey 23 Fetuses 21.70+3.12 weeks 26.09 21.74 30.43 21.74
14 Boys - 28.57 14.29 35.71 21.43
9 Girls - 22.22 33.33 22.22 22.22
Begeretal® Turkey 200 Children 10.50+5.78 years 24 26 23.5 26.5
100 Boys - 27 16 25 32
100 Girls - 21 36 22 21
20 Infancy 0-2years 25 10 50 15
30 Early childhood 3-5years 33.3 20 36.7 10
40 Later childhood 6-9 years 40 27.5 7.5 25
40 Prepubescence 10-13 years 27.5 12.5 35 25
70 Postpubescence 14-20 years 8.6 40 12.8 38.6
This study Turkey 400 Adult patients 43.02+14.30 years 22.25 26.75 25.5 25.5
200 Males 43.83+14.33 years 23 25.5 24 275
200 Females 42.22+14.25 years 21.5 28 27 23.5

PS, prechiasmatic sulcus; WFS, wide flat sulcus; WSS, wide steep sulcus; NFS, narrow flat sulcus; NSS, narrow steep sulcus.

CONCLUSION

The SLin this study was found in accordance with previousinves-
tigations, which explained that after birth, the length did not
vary. The SA in our adult population was lower than those avail-
able from the previous studies focused on adult dry skulls; how-
ever, the angle seemed to match the erratic downward trend
in children. In our opinion, the findings of this radiologic exami-
nation may be useful for operation teams in the selection of
patients suitable for surgical approaches such as endonasal and
transcranial approaches.
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