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Abstract

Purpose To examine the anatomy of the inferior oblique (I0) muscle and its surrounding structures to clarify why 10 muscle
entrapment develops less in orbital floor trapdoor fractures.

Methods Computed tomographic (CT) images on the unaffected sides were obtained from 64 patients with unilateral orbital
fractures. On coronal planes, presence or absence of an infraorbital groove below the IO muscle was confirmed. At the level
of the medial margin of the infraorbital groove/canal, the distance from the orbital floor to the IO muscle (IO-floor distance),
the thickness of the orbital floor, and the shortest distance from the inferior rectus (IR) muscle to the orbital floor (shortest
IR-floor distance) were measured. On quasi-sagittal planes, the distances from the inferior orbital rim to the inferior margin of
the IO muscle (IO-rim distance) and the most anterior point of the infraorbital groove (groove-rim distance) were measured.
Results The infraorbital groove was found below the IO muscle in eight patients (12.5%), and the IO-rim and IO-floor
distances were significantly longer than the groove-rim and shortest IR-floor distances, respectively (p <0.001). The orbital
floor below the IO muscle was significantly thicker than that below the IR muscle (p <0.001).

Conclusion Although the medial margin of the infraorbital groove is the most common fracture site, the IO muscle was not
located above the groove in most cases. A longer I0-floor distance and thicker orbital floor below the IO muscle may also
contribute to less occurrence of IO muscle entrapment in orbital floor trapdoor fractures.

Keywords Inferior oblique muscle - Inferior rectus muscle - Infraorbital groove - Orbital floor trapdoor fracture

Introduction

Orbital trapdoor fracture is one of the types of orbital frac-
ture that frequently occurs in the pediatric age group [10,
13, 16]. After the displacement of the fractured bone with a
hinge, the bone easily snaps back and returns to the original
position due to the high elasticity of the bone [10, 13, 16].
In such situations, the orbital tissues are incarcerated at the
fracture site. The orbital floor is more frequently involved,
while trapdoor fracture in the medial orbital wall is less
common [13]. In orbital floor trapdoor fractures, a fracture
line usually runs along the medial margin of the infraorbital

P4 Yasuhiro Takahashi
yasuhiro_tak @yahoo.co.jp

Department of Oculoplastic, Orbital and Lacrimal Surgery,
Aichi Medical University Hospital, 1-1 Yazako-Karimata,
Nagakute, Aichi 480-1195, Japan

Department of Oculoplastic, Orbital and Lacrimal Surgery,
Rapti Eye Hospital, Dang, Nepal

groove as this part is anatomically vulnerable to blunt ocular
trauma [11, 16].

The inferior rectus (IR) muscle, medial rectus muscle,
orbital fat, and inferior oblique (I0) muscle branch of the
oculomotor nerve are commonly incarcerated orbital tissues
because these are located close to the orbital floor/medial
orbital wall [13, 16]. On the contrary, there had been only
two reported cases of orbital fracture with IO muscle entrap-
ment [3, 6], nevertheless the IO muscle also runs close to
the orbital floor [1, 14].

We examined the anatomical relationship between the 10
muscle and infraorbital groove using computed tomographic
(CT) images to elucidate why IO muscle entrapment occurs
less in orbital floor trapdoor fractures.
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Methods
Study design

This study was a retrospective chart review of consecutive
Japanese patients with an orbital fracture in whom CT was
taken before and 1 day after surgical reduction between
January 2020 and May 2021 (Fig. 1). Patients with missing
data, those with a bilateral orbital fracture, and those with
orbital rim involvement were excluded from this study.

Data collection

The data on age, sex, and fracture side were collected from
the medical charts of all the patients. Fracture sites, presence
or absence of trapdoor fracture, incarcerated tissues in trap-
door fracture were confirmed using preoperative CT images.
Extraocular muscle entrapment was defined by the follow-
ing CT findings: a minimally displaced orbital fracture and
missing rectus [16]. We did not check for the incarceration
of the IO muscle branch of the oculomotor nerve because we
did not review the IO muscle under-action on the Hess chart.

Measurements on CT

Contiguous 1 mm axial, coronal, and quasi-sagittal (parallel
to the optic nerve) CT images (Aquilion Precision, Canon,
Tokyo, Japan, or SOMATOM AS plus, Siemens Japan K.K.,
Tokyo, Japan) were obtained (75—-100 mAs, 120 kV, slice

thickness, 1 mm, pitch 0.638 or 0.8, collimation, 0.5 or 0.6,
matrix. 512 x 512, field of view, 150-200 mm) using bone
window algorithms (window level, 500-600, window width
2500). The unaffected sides were used for measurements. All
measurements were performed using the digital caliper and
the freehand measuring tools of the image viewing software
(ShadeQuest/ViewR, Yokogawa Medical Solutions Corpora-
tion, Tokyo, Japan) by one of the authors (YT).

On coronal planes, the presence or absence of the infraor-
bital groove below the 10 muscle was confirmed (Fig. 2a
to ¢). The infraorbital groove has a bony defect above the
infraorbital nerve, while the infraorbital canal consists of a
complete cylinder-shaped bone [11]. In a few cases, although
the infraorbital groove did not have the bony defect, we dis-
tinguished the infraorbital groove from the canal when the
medial wall of the groove inclined from the superomedial to
inferolateral direction [11].

In orbital floor trapdoor fractures, since a fracture line
usually runs along the medial margin of the infraorbital
groove [11, 16], the points just medial to the infraorbital
groove and canal were used as the reference points for meas-
urement of the following distances and thicknesses. The
distance from the inferior margin of the IO muscle to the
infraorbital groove/canal (I0-floor distance) and the thick-
ness of the orbital floor at the same point were measured
(Fig. 2b, ¢). The distance between the inferior margin of
the IR muscle and the most anterior part of the infraorbital
groove (IR-floor distance) and the thickness of the orbital
floor at the same point were also measured (Fig. 2d, e). Also,
the shortest distance from the inferolateral margin of the IR

Fig.1 A flowchart of patient
inclusion and grouping

and May 2021)

77 patients with orbital fracture
(CT was taken before and 1 day after surgical reduction between January 2020

Exclusion of 13 patients

1 patient: lack of data

2 patients: bilateral orbital fracture

10 patients: concomitant orbital rim fracture

Inclusion of 64 patients

Group 1: 8 patients
Infraorbital groove was

located below the 10 muscle

Group 2: 56 patients
Infraorbital groove was NOT
located below the 10 muscle
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Fig.2 Measurements on computed tomographic (CT) images. The
window level and width were intentionally changed in all figures
except Fig. 2g for clear depiction of both the muscles and bone, but
actual measurements were performed on CT images with bone win-
dow algorithms. a Presence of the infraorbital groove below the infe-
rior oblique (IO) muscle. b, ¢ Measurements of the distance from the
inferior margin of the IO muscle to the orbital floor and thickness of
the orbital floor at the level of the medial margin of the infraorbital
canal. b is a magnified image of the measurement area. d, e Measure-

muscle to the infraorbital groove (shortest IR-floor distance)
was measured.

On the quasi-sagittal plane showing the infraorbital
groove, the distances from the inferior orbital rim to the
vertical line through the posterior margin of the IO mus-
cle (IO-rim distance) and to the most anterior point of the
infraorbital groove (groove-rim distance) were measured
(Fig. 21).

On the axial plane showing the optic nerve, the distance
from the top of the cornea to the interzygomatic line was
measured for evaluating the anterior globe position (Fig. 2g)
[9]. On the sagittal plane showing the optic nerve, the dis-
tance from the inferior orbital rim to the orbital process of
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ments of the distance from the inferior margin of the inferior rectus
(IR) muscle to the orbital floor and thickness of the orbital floor at the
level of the medial margin of the infraorbital groove. d is a magni-
fied image of the measurement area. f Measurements of the distances
from the inferior orbital rim to the posterior margin of the IO muscle
(yellow solid line and pink solid arrow) and to the anterior margin of
the infraorbital groove (yellow broken line and pink broken arrow).
g Measurement of the anterior globe position. h Measurement of the
anteroposterior orbital length

the palatal bone was measured for evaluating the anteropos-
terior orbital length (Fig. 2h) [15].

Statistical analysis

Patient age and measurement results were expressed as
means + standard deviations. The differences between the
IO-floor and IR-floor distances, the IO-floor and shortest IR-
floor distances, the thickness of the orbital floor below the
IO and IR muscles, and the IO-rim and groove-rim distances
were analyzed using the Student’s ¢ test. The measurement
values were compared between the patients with (Group 1)
and without (Group 2) the infraorbital groove located below
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the IO muscle using the Mann—Whitney U test. All statisti-
cal analyses were performed using SPSS™ ver. 26 software
(IBM Japan, Tokyo, Japan). A p value of <0.05 was con-
sidered statistically significant.

Results

Surgical reduction of orbital fracture was performed in
77 patients, but 13 patients were excluded from this study
because of the lack of data (two patients), bilateral orbital
fracture (one patient), or concomitant orbital rim involve-
ment (10 patients) (Fig. 1). This study included 64 sides
from 64 patients with an orbital fracture. Patient demo-
graphic data are shown in Table 1.

The results of measurements and statistical analyses are
shown in Tables 2 and 3. The IO-floor distance was not sig-
nificantly different from the IR-floor distance (p =0.180).
However, the IO muscle was significantly farther from
the orbital floor, compared with the IR muscle at the clos-
est point to the orbital floor (shortest IR-floor distance)
(p<0.001). The orbital floor below the IO muscle was sig-
nificantly thicker than that below the IR muscle (p <0.001).
The IO-rim distance was significantly longer compared with
the groove-rim distance (p <0.001).

The infraorbital groove was found to be located below
the IO muscle in eight patients (group 1, 12.5%). Six of the
eight patients were 20 years old or younger, and the remain-
ing two patients were 69 and 78 years old, respectively. The
10-floor distance tended to be shorter in group 1 than group
2 (p=0.058), while the IR-floor (p <0.001) and shortest IR-
floor distances (p=0.051) tended to be longer in group 1
compared with group 2. The thickness of the orbital floor

Table 1 Patient demographic data

Number of patients (M/F) 64 (45/19)
Measurement sides (R/L) 37127
Patient age (years) 35.1+£24.3
Fracture sites

Right orbital floor 17

Right medial orbital wall

Right orbital floor + medial orbital wall 8

Left orbital floor 27

Left medial orbital wall 4

Left orbital floor + medial orbital wall 6
Trapdoor fracture 21 (32.8%)
Incarcerated tissues

IR muscle 3

MR muscle

Orbital fat 17

M male, F female, R right, L left, IR inferior rectus, MR medial rectus
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Table 2 Measurement results

Presence of infraorbital groove below inferior oblique 8 (12.5%)

muscle
10-floor distance (mm) 3.16+1.15
IR-floor distance (mm) 2.85+1.41
p value 0.180
Shortest IR-floor distance (mm) 0.72+0.66
p value (vs. IO-floor distance) <0.001
Thickness of orbital floor (mm)

Below 10 muscle 1.97+0.85

Below IR muscle 1.43+0.47
p value <0.001
10-rim distance (mm) 7.59+2.16
Groove-rim distance (mm) 11.61+2.93
p value <0.001
Anterior globe position (mm) 16.79+3.06
Anteroposterior orbital length (mm) 38.24+3.59

10 inferior oblique, IR inferior rectus

below the IO muscle was significantly thinner in group 1
(p=0.015). The IO-rim distance was longer than the groove-
rim distance in group 1, while the groove-rim distance was
longer than the 10-rim distance in group 2 (p <0.001).
Although the anteroposterior orbital length was not signifi-
cantly different between the groups (p =0.405), the anterior
globe position was significantly less prominent in group 1
(p=0.002).

Discussion

The anatomy of the IO muscle and its surrounding structures
was examined for elucidating the less occurrence of 10 mus-
cle incarceration at the site of orbital floor trapdoor fracture.

Orbital floor trapdoor fractures usually occur along the
medial margin of the infraorbital groove [13, 16]. How-
ever, in this study, the inferior margin of the IO muscle
was located above the infraorbital groove in only 12.5% of
patients, and the IO-rim distance was significantly shorter
than the groove-rim distance. These results indicate that the
IO muscle frequently lies away from the most common site
of fracture.

The IO muscle originates from the orbital floor just lateral
to the entrance of the nasolacrimal canal and runs obliquely
in the superolateral direction toward the globe [1, 14]. The
anteromedial part of the IO muscle is, therefore, located
close to the orbital floor. However, the most anterior point
of the infraorbital groove is located slightly laterally in the
orbital floor. In this study, the IO muscle was found to run
approximately 3 mm above the orbital floor at the level of
the infraorbital groove/canal, and the IO-floor distance was
significantly longer than the shortest IR-floor distance. These
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Table 3 Comparison of measurement results between the groups
Group 1: presence of infraorbital groove  Group 2: absence of infraorbital groove p value
below 10 muscle (n=38) below 10 muscle (n=56)
Age (years) 29.8+27.6 359+24.0 0.529
10-floor distance (mm) 2.52+1.35 3.25+1.10 0.058
IR-floor distance (mm) 5.11+0.88 2.53+1.16 <0.001
Shortest IR-floor distance (mm) 1.10+£0.36 0.66 +0.68 0.051
Thickness of orbital floor (mm)
Below 10 muscle 1.41+0.37 2.05+0.87 0.015
Below IR muscle 1.41+£0.37 1.44+0.48 0.768
10-rim distance (mm) 10.05+1.21 7.24+2.03 <0.001
Groove-rim distance (mm) 7.68+1.37 12.17 £2.65 <0.001
Anterior globe position (mm) 13.81+1.31 17.22+3.00 0.002
Anteroposterior orbital length (mm) 37.52+3.73 38.34+3.60 0.405

10 inferior oblique, IR inferior rectus

findings imply less possibility of IO muscle incarceration
compared with the IR muscle.

The orbital floor below the 10 muscle was significantly
thicker than that below the IR muscle. This also reduces the
risk of IO muscle entrapment.

Group 1 showed a less prominent anterior globe position
compared with group 2. In the less proptotic patients, the IO
muscle runs more posteriorly, resulting in the location of the
10 muscle above the infraorbital groove. Two of the eight
patients in group 1 were old, and old age people tend to show
less amount of proptosis due to decreased amount of orbital
fat [2]. However, in a previous study, older patients with
trapdoor fracture had only orbital fat incarceration without
extraocular muscle entrapment [13]. So, even in group 1,
those older patients may have less risk of IO muscle incar-
ceration. On the contrary, the remaining six patients in group
1 were 20 years old or younger. Young people tend to have
less proptotic eyes [2] and high bone elasticity [13]. Moreo-
ver, patients in group 1 demonstrated a shorter IO-floor dis-
tance and a thinner orbital floor below the IO muscle than
those in group 2. Such patients may have a risk of IO muscle
entrapment.

In a previously reported case with IO muscle entrapment,
the IR muscle and orbital fat were concomitantly incarcer-
ated [6]. The IO muscle shares a common fascial sheath with
the IR muscle [7], and the extraocular muscles are connected
with the orbital fat via the orbital connective tissue septal
system [4]. Slippage of the IR muscle and orbital fat into the
fracture site can drag the IO into the fracture site [6, 8, 11],
resulting in IO muscle entrapment.

As similar to the IO muscle, the IO muscle branch of
the oculomotor nerve is also farther from the infraorbital
groove in the anterior orbit when compared to the IR mus-
cle [1, 14]. However, this nerve is occasionally incarcer-
ated in cases with orbital floor trapdoor fracture [5, 12]. In

a previous study, 18.6% of cases with orbital floor trapdoor
fracture showed incarceration of the IO muscle branch
[12]. Unlike the IO muscle, as the nerve has less tension,
it may be more easily dragged by prolapsed orbital fat.

Incarceration of the IO muscle branch of the oculomo-
tor nerve may be underestimated as such patients hardly
notice diplopia, especially when they compensate it with
head tilt. Furthermore, this is hardly detectable without
Hess chart. However, incarceration of the IO muscle
causes additional clinical signs, including nausea, vomit-
ing, and bradycardia. Therefore, surgeons should elabo-
rately examine patients with such signs not to overlook the
IO muscle entrapment.

Our study was limited by several factors. First, this
had a retrospective nature. Second, the inclusion of only
Japanese patients was another limitation as the periocular
anatomy has differences among populations [1]. Third, all
the examinations were performed by a single clinician,
which may cause an examiner bias.

In conclusion, we examined the anatomy of the IO mus-
cle and its surrounding structures to clarify why the 10
muscle has less risk of incarceration in orbital floor trap-
door fractures. The IO muscle was not located above the
infraorbital groove in most of the cases, and a longer 1O-
floor distance and a thicker orbital floor below the IO mus-
cle may also be the anatomical factors for less occurrence
of 10 muscle entrapment. On the contrary, some young
patients with less proptotic eyes had the IO muscle located
above the infraorbital groove, short IO-floor distance, and
thin orbital floor. If orbital floor trapdoor fracture with
the IR muscle and orbital fat incarceration occurs in such
patients, the IO muscle can be entrapped. However, the
low probability of this phenomenon is reflected by the only
2 reported cases with IO muscle entrapment, so far [3, 6].
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