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Abstract

Objectives: Whitnall's tubercle (WT) is located deep in the lateral canthus and on the lateral orbital wall and has crucial
structures attach to it. We aimed to define the location of WT using the palpable bone landmarks which can be used as reli-
able landmarks in eyelid and orbital surgery to prevent the damage of stuctures associated with WT.

Methods: Forty-four adult skulls (22 right, 22 left) were included to the study. The skulls were divided into two groups accord-
ing to the apparancy of the WT. The distances from WT to the frontozygomatic suture, the marginal tubercle, the anterior point
of the zygomatic arch, and the lateral margin of the orbit were measured. The clock positions of WT according to the marginal
tubercle and the anterior point of the zygomatic arc were determined.

Results: The distances of the WT to the marginal tubercle, the anterior point of the zygomatic arch, the lateral margin of the
orbit, and the frontozygomatic suture were 9.92+1.65 mm, 16.48+1.86 mm, 2.32+0.53 mm and 9.66x1.44 mm, respectively.
WT was at 8 and 9 o’clock positions on the left, and at 4, 3, and 2 o’clock positions on the right according to the marginal tuber-
cle. WT was at 10 o’clock position on the left, and 2 and 1 o’clock positions on the right according to the anterior point of the
zygomatic arch.

Conclusion: The marginal tubercle, the lateral margin of the orbit, and the anterior point of the zygomatic arch can be used
as standart bony landmarks in eyelid and orbital surgery to prevent the soft tissue damage relevant to WT. The high kappa
values of the interclass and intraclass correlations suggest that these parameters are reliable and repeatable for clinical use.
Out of these parameters, the anterior point of the zygomatic arch is more beneficial to locate the WT because of the stan-
dard clock positions. The WT is typically located at 10 o’clock position on the left and 2 o’clock position on the right accord-
ing to the anterior point of the zygomatic arch.
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Introduction
Whitnall’s tubercle (WT) was first described as a bony

prominence located on the lateral orbital wall by Samuel
Ernest Whitnall in 1911. He indicated that this tubercle
was about 11 mm below the frontozygomatic suture and
a few millimeters deep to the lateral margin of orbit."
Other terms used for WT are; lateral orbital tubercle,””

8,9]

lateral palpebral tubercle,” orbital eminence,”” and

orbital tubercle.?>*'*")

The clinical importance of the WT comes from the
anatomical structures attached to it. These structures are
the check ligament of lateral rectus, aponeurosis of leva-

tor palpebrae superioris, suspensory ligament of the eye-
ball (Lockwood’s ligament), and lateral palpebral or
tarsal ligament (raphe palpebralis lateralis) which also
participate in the lateral retinaculum." Other anatomical
structures participating in the lateral retinaculum are the
Whitnall’s ligament, intermuscular transverse ligament,
and orbital septum.™"*"” The anatomy of this tubercle is
essential to protect the soft tissue structures attached to
or adjacent to the WT in orbital and eyelid surgeries
such as lateral canthopexy,"” lateral canthotomy," later-
al orbitotomy,"” and blepharoplasty.“"

The lateral palpebral ligament consists of two parts,
superficial and deep. The superficial part contributes to
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the orbital septum." However, the deep part participates
in the lateral retinaculum and attaches to the WT." The
signs of aging are due to the weakening of the lateral
retinaculum elements’ elastic fibers. These are noticed in
the lower and upper eyelids. In healthy individuals, elas-
tic fibers weaken with aging, but the lower eyelid length
has not increased."” Due to this pathophysiology mech-
anism, the lateral retinaculum and W'T are crucial in

. . 6,15,16,18
eyelid surgeries."™"*'""

Another critical aspect of WT is exotropic Duane
syndrome. In this situation, the lateral rectus is released
from the WT, where the check ligament of this muscle

is attached and then sutured to the lateral canthal ten-
don.””

In this study, we aimed to locate the WT using pal-
pable bony structures close to the WT. We determined
these bony structures as the marginal tubercle, the later-
al margin of the orbit, the anterior point of the zygo-
matic arch, and the frontozygomatic suture. Since the
WT location could not be determined by inspection, we
think our study will be valuable for the preparation phase
of surgical access.

Materials and Methods

A total of 30 skulls (60 orbits) taken from the bone col-
lection of Department of Anatomy, Ankara University
School of Medicine were included to the study.

However, 8 of the skulls had orbits with impaired bone
integrity or had pathological deformation, so they were
excluded from the study. Thus, the measurements were
carried out on 44 orbits bilaterally (22 left and 22 right).
The age and gender of these orbits were not certain. WT
was determined on the lateral wall of the orbit. After
that, we divided orbits into two groups according to the
appearance of WT (Figure 1). If WT was visible, it was
considered as “apparent”. If it was only determined by
palpation, it was regarded as “non-apparent”. Skulls were
positioned and fixed on the Frankfort horizontal plane to
determine the anatomical position of the WT deep with-
in the lateral orbital wall. The shortest distances of WT
to the marginal tubercle, the lateral margin of the orbit,
the anterior point of the zygomatic arch, and the fron-
tozygomatic suture were measured directly on the skulls
using vernier caliper (0.01 mm resolution). The position
of the WT was noted taking the marginal tubercle and
the anterior point of the zygomatic arch as landmarks for
to use a clock method (Figures 2 and 3).

Two observers (ACK and NS) measured all parame-
ters three times. The first measurement was performed
by only one observer (ACK). The second and third
measurements were performed by another observer
(NS). Descriptive statistics (mean and standard devia-
tion) of the measurements were calculated with all three
measurements. Interclass (ACK-NS) and intraclass (INS-
NS) correlations were examined with the distances meas-

Figure 1. Whitnall's tubercle on the lateral orbital wall (anterior view). (a) Non-apparent Whitnall's tubercle; (b) apparent Whitnall’s tubercle.
WT: Whitnall's tubercle.
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Figure 2. Clock position of the Whitnall’s tubercle (yellow point) according to the marginal tubercle (blue point).

ured three times. An independent sample t-test was used ~ non-apparent WTs. The statistical analyses were per-
to determine whether there was a significant difference  formed with Statistical Package for Social Sciences
between right and left sides, and between apparent and  (SPSS Version 20, Armonk; NY, USA).

Whitnall’s &
tibercle

Figure 3. Clock position of the Whitnall’s tubercle (yellow point) according to the marginal tubercle (blue point).
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Table 1
The topographical measurements of Whitnall's tubercle.

Parameters Right (mm) Left (mm) Apparent WT (mm) Non-apparent WT (mm) Total (mm)
WT-marginal tubercle 9.91£1.38 9.94+1.89 10.02+1.42 9.64+2.2 9.92+1.65
WT-anterior point of the zygomatic arch 16.92+1.94 16.04+1.69 16.55+1.94 16.27+1.62 16.48+1.86
WT-lateral margin of orbit 2.36+0.52 2.27+0.54 2.35+0.54 2.22+0.5 2.32+0.53
WT-frontozygomatic suture 9.41+1.46 9.91+1.39 9.53+1.25 10.04+1.88 9.66+1.44
WT: Whitnall’s tubercle.
Results Table 2

Out of 44 orbits (22 right, 22 left), WT was apparent in
33 orbits (75%) and non-apparent in 11 orbits 25%).
Sixteen of apparent WTs were on the right side; 17
apparent WI" were on the left side (Table 1). There was
no significant difference between the parameters
whether the WT was apparent or not, and whether it was
on the right or left side.

Our measurements defining the W' clock position
concerning the anterior point of the zygomatic arch and
marginal tubercle were demonstrated in Table 2 and 3.
According to the marginal tubercle, W was at 8 o’clock
(13 orbits) and 9 o’clock (9 orbits) positions on the left side
and it was at 4 o’clock (15 orbits), 3 o’clock (6 orbits), and
2 o’clock (1 orbit) positions on the right side. According to
the anterior point of the zygomatic arch, WT was located
at 10 o’clock position on the left side and at 2 o’clock (20
orbits) and 1 o’clock (2 orbits) positions on the right side.

The kappa values of the interclass and intraclass corre-
lations were demonstrated in Table 4. The values between
0.61 and 0.8 in Table 4 indicated a strong correlation. The
values between 0.81 and 1 in Table 4 showed an almost
perfect correlation.

Discussion

Recent studies showed that WT' is not always present.
This tubercle was noticed at a rate of 95% by Whitnall,"
63% by Buschkowitsch,"’ 80.1% by Kangas,"” 80% by
Ono,"" 49.15% by Tomita,”" 96.3% by Didio,” and 70%
by Fries at al.” The most crucial reason why it is seen at
different rates is the differences between populations.
Another important reason is how the existence of tubercle
is decided in these studies. Buschkowitsch considered the
tubercles that were only palpated as absent in the study'”
In Gray’s Anatomy,” this tubercle suggested to be
noticed only by palpation.”” Therefore, we evaluated the
visible WT's as apparent and only palpable WT's as non-
apparent. This tubercle was observed in all orbits and was
not apparent in 11 orbits (25%) in our study.

Anatomy e Volume 15 / Issue 2 / August 2021

The clock position and distance of Whitnall's tubercle as with
respect to the marginal tubercle.

Clock Number Percentage (%)  Distance (mm)

Left 8 13 orbits 59 9.84+1.51

9 9 orbits 41 10.1£2.37
Right 9 9 orbits 41 10.1+£2.37

4 15 orbits 68 9.78+1.46

3 6 orbits 27 10.2+1.27

2 1 orbit 5 10.18+0.08

Table 3

The clock position and distance of Whitnall's tubercle with respect
to the anterior point of the zygomatic arch.

Clock position Number Percentage (%) Distance (mm)
Left 10 22 orbits 100 16.04+1.69
Right 2 20 orbits 91 16.62+1.76
1 2 orbits 9 19.93+0.56
Table 4

The kappa values of intraclass and interclass correlation.

Kappa values

Interclass Intraclass
Parameters ACK-NS1 ACK-NS2 NS1-NS2
WT-marginal tubercle 0.946 0.6 0.632
WT—frontozygomatic suture 0.958 0.958 1
WT-lateral margin of orbit 0.789 0.788 0.998
WT-anterior point of zygomatic arch 0.954 0.979 0.969

WT: Whitnall's tubercle.

Previous studies showed that the distances from W'T to
the frontozygomatic suture and the lateral-inferior margin
of the orbit are the most reliable measurements to find out
its location.*"*”"! Moreover, Whitnall" first described this
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tubercle to be approximately 11 mm below the frontozy-
gomatic suture. This distance was 7.4+2 mm on the right
and 8.3x1.9 mm on the left in the study by Fries et al.” In
our study, the distance between the WT and the frontozy-
gomatic suture was 9.41x1.46 mm on the right and
9.91x1.39 mm on the left. In the present study and the
study by Fries et al.,” the distance on the left was longer
than the right ones. Due to the difference in this distance
between studies, we suggested that new parameters were
needed to determine the position of this tubercle. So that,
we used three new parameters in addition to frontozygo-
matic suture to define WT in this study: the marginal
tubercle, the lateral margin of the orbit and the anterior
point of the zygomatic arch. The interclass and intraclass
correlations of the WT distances were determined as
strong or almost perfect correlations in the present study.
By this means, we contributed three new bony landmarks
to the literature in addition to the frontozygomatic suture
to locate the WT.

The clock position of the WT according to the mar-
ginal tubercle had high kappa values of the interclass and
intraclass correlations. However, WT was located at 8 and
9 o’clock positions in almost similar percentages to the
marginal tubercle on left side. Additionally, it is located at
2, 3 and 4 o’clock positions on right side. These results
support orbital asymmetry that is crucial in oculofacial
surgery patients.”*”” For this reason, we suggest that this
parameter is not appropriate for clinical use since it may
show variations according to sides.

Our study and some recent studies™*” have shown that
WT is difficult to detect by palpation as it is not always a
prominent protrusion. Therefore, the clock position of
WT was revealed according to the marginal tubercle and
the anterior point of the zygomatic arch in this study. On
the Frankfort horizontal plane, the WT" was observed on
the same plane with the marginal tubercle or slightly
below it. In only one case, it was observed above the mar-
ginal tubercle on the right side. The WT was found above
the anterior point of the zygomatic arch.

The most suitable parameters for determining the
position of WT according to the kappa values of intraclass
and interclass correlation were the distance of WT to the
anterior point of zygomatic arch and the lateral margin of
orbit as well as the clock position in between. After deter-
mining the location of the WT according to the anterior
point of zygomatic arch, the depth of the WT to the lat-
eral margin can easily be determined with the distance
between the W'T and lateral margin of orbit. These two
bony landmarks allow even invisible or non-palpable WT's
to be easily detected. In the skulls with apparent WT;
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both distances and o’clock directions were not different
from non-apparent WTs. Thus, it can be predicted as a
standard distance and direction before the operation. The
WT was about 16 mm to the anterior point of the zygo-
matic arch and 10 mm to the marginal tubercle (Tables 2
and 3). Additionally, there was no significant difference
between the directions and the distances. The mean dis-
tance did not change in any direction.

Conclusion

"The results of the present study suggests that the margin-
al tubercle, the lateral margin of the orbit, and the anteri-
or point of the zygomatic arch can be used as reliable bony
landmarks in eyelid and orbital surgery to prevent the soft
tissue damage associated with WT.
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