
Introduction

Young people are particularly susceptible to orbital floor
trapdoor fracture.1–5 After such an injury, an ocular move-
ment disorder can occur owing to the entrapment of
muscles or connective tissue septa,6,7 and to swelling and
hemorrhage.6,7 When the inferior rectus muscle (IR) is
incarcerated among the fractured pieces, muscular necrosis

may arise by ischemia without emergent release.1,4,5 In the
chronic phase, in addition to the muscular weakness of the
IR, fibrosis may also occur from inflammation, causing per-
manent ocular movement disorders.1,3,6,7 For this reason,
necrosis caused by incarceration of the IR and ocular move-
ment disorders caused by fibrosis have attracted attention
in orbital floor trapdoor fractures. However, the inferior
oblique muscle (IO) branch of the oculomotor nerve runs
immediately outside the IR,8 and in part accords with the
most favored site for orbital floor trapdoor fracture.9–12 IO
palsy often occurs in such lesions;12 however, to date,
movement restriction of the IO in an orbital floor trapdoor
fracture has not received much attention. This might be
because this type of fracture often presents with severe
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Abstract

Background: Incarceration of the inferior oblique muscle (IO) branch of the oculomotor nerve may
occur in cases of orbital floor trapdoor fracture.

Cases: Two orbital floor trapdoor fracture cases, with lesions located just outside of the inferior rectus
muscle but without its incarceration, were examined pre- and postoperatively for visual acuity, intra-
ocular details, the nine diagnostic ocular positions of gaze, binocular single vision field with the Hess
chart, and by computed tomography (CT). One case was also examined by magnetic resonance imaging
(MRI; T1-weighted images). A forced duction test was conducted intraoperatively.

Observations: Each case presented good visual acuity and neither globe showed any injury. Motility dis-
turbance of the IO was shown in each case by binocular single vision field testing and the Hess chart.
The possibility of the incarceration of the IO branch of the oculomotor nerve, which runs from the incar-
cerated lesion to the superior belly of the IO, in an orbital floor trapdoor fracture was shown on CT and
MRI. Intraoperative forced duction testing revealed a restriction due to the incarceration of the con-
nective tissue septa.

Conclusions: As inferred from the CT and MRI analyses conducted in this study, IO palsy may be one
of the causes of ocular motility disturbance of the IO in an orbital floor trapdoor fracture, in addition to
the ocular motility disturbance due to the connective tissue septa. Jpn J Ophthalmol 2005;49:246–252
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ocular supraduction disturbances,1–4 and so attention is
focused, in most cases, on the movement disorders of 
the IR. Hence, incarceration of the IO branch has not been
properly investigated. When incarceration occurs outside 
of the IR, and does not include the IR, ocular movement
disorders can occur because of the incarceration of the 
IO branch in addition to that of the connective tissue 
septa.

In this study, using computed tomography (CT) and mag-
netic resonance imaging (MRI), we demonstrated the pos-
sibility of the incarceration of the IO branch in two cases of
orbital floor trapdoor fractures.

Methods

We present two cases, with lesions located just outside the
IR but without its incarceration, showing movement restric-
tion of the IO in an orbital floor trapdoor fracture. Each
patient was examined pre- and postoperatively for visual
acuity, intraocular details, the nine diagnostic positions of
gaze, by binocular single vision field testing and the Hess
chart, and by CT.A forced duction test was conducted intra-
operatively. The binocular single vision field was measured
by Goldmann perimeter with an index of V-4. On CT (GE
Medical Systems,Waukeshaw,WI, USA), to get coronal and
sagittal views, images were reconstructed after scanning an
axial view, sliced parallel to the optic nerve. Slice thickness
was 2mm, half of which overlapped. An MRI examination
was also performed in Case 1, with images acquired on a
1.5-T GE SIGNA (GE Medical Systems), using a custom-
designed 5-inch (about 13-cm) surface coil. Coronal and
sagittal images of T1-weighted spin echo sequences (echo

time = 9ms, repetition time = 500ms) were obtained. The
sagittal images were sliced parallel to the optic nerve; slice
thickness was 3mm, interslice gap 0.5mm, and the field of
view 140mm ¥ 140mm with a 256 ¥ 192 matrix.

Figure 1A,B. Hess chart and binocular single vision field in Case 1,
preoperatively. A Hess chart. Supraduction restriction and a motility
disturbance of the inferior oblique muscle are observed in the left eye.
B Binocular single vision field. Binocular single vision field is obtained
only in the left lower area.

Figure 2. The nine diagnostic
positions of gaze in Case 1 pre-
operatively. Supraduction toward
the three different directions is
restricted in the left eye.
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Figure 3A,B. Computed tomography (CT) and magnetic resonance
(MR) images in Case 1, preoperatively. A Coronal view of CT image.
A left orbital floor trapdoor fracture is observed outside of the infe-
rior rectus muscle with a teardrop sign and findings of bony thicken-
ing. The inferior rectus muscle is not sandwiched between the fracture
pieces. Arrowhead, teardrop sign B Sagittal view of MR image. The
inferior oblique muscle branch of the oculomotor nerve that goes to
the myoneural junction from the fracture lesion is identified. Arrow,
inferior oblique muscle branch of the oculomotor nerve.

Case Reports

Case 1

A 12-year-old boy suffered a blow to his left eye while
playing soccer. Immediately after the injury, he noticed
diplopia and nausea. The same day, he had a medical exam-
ination by a neurosurgeon, who noted that there was no
abnormality in the brain; but the symptoms persisted. The
following day, the boy had another medical examination,
this time by an ophthalmologist. Since an inferior orbital
fracture was observed in his left eye on CT images, the Ocu-
loplastic and Orbital Clinic at Seirei Hamamatsu General
Hospital was consulted with a view to an operation. The
boy’s head position was found to be inclined to the left, with
his chin up. Visual acuity was 20/20 (n.c.), OU, and neither
globe showed evidence of rupture or any other traumatic
breach of scleral integrity. Bilateral pupils were round and
appeared the same, and the light reflex was both prompt and
complete. A supraduction disturbance of the left eye and a
motility disturbance of the left IO were observed on Hess
chart examination (Fig. 1A). Diplopia, especially in the
upper area including the primary position, was observed in
the binocular single vision field (Fig. 1B), in particular in 
the right upper diplopia wide field. Supraduction toward the
three different directions of the left eye was limited in the

nine diagnostic positions of gaze (Fig. 2). By CT, an orbital
floor trapdoor fracture was observed outside of the IR in
the left eye, with a teardrop sign and findings of bony thick-
ening, but the IR was not sandwiched between the fracture
pieces (Fig. 3A). However, by CT we could not visualize the
position of the IO branch, which was identified by MRI
(sagittal view; Fig. 3B) as going to the superior side of the
IO belly from the fracture lesion. Reduction of the left
orbital floor was performed 8 days after the injury.An intra-
operative forced duction test revealed a moderate restric-
tion. Positive findings showing the incarceration of the IO
branch could not be obtained intraoperatively because of
the periosteum and the orbital fat. Three months postoper-
atively, although a slight restriction of supraduction of the
left eye was observed from a Hess chart (Fig. 4A), the binoc-
ular single vision field was much improved (Fig. 4B). Head
position and the nine diagnostic positions of gaze became
normal. The left orbital floor was well reduced (Fig. 5A),
and, in addition, the IO branch could be observed in sagit-
tal magnetic resonance (MR) images, without incarceration
in the floor (Fig. 5B).

Case 2

A 20-year-old man suffered a heavy elbow blow to his left
eye. Immediately after the injury he noticed diplopia and
nausea. That day, he had an examination by an ophthal-
mologist; an orbital floor fracture was observed by CT.
Diplopia was monitored for some days, but did not improve;
thus, the Oculoplastic and Orbital Clinic at Seirei Hama-
matsu General Hospital was consulted 10 days after the
injury. The patient’s head position was found to be slightly
inclined to the left, and visual acuity was 20/10 (n.c.), OU,
but ocular examination showed no evidence of rupture of
the globe or any other traumatic breach of scleral integrity.
Bilateral pupils were round and appeared the same, and the
light reflex was both prompt and complete. A supraduction
disturbance of the left eye and a motility disturbance of the
left IO were observed on a Hess chart (Fig. 6A). The
diplopia was centered in and around the right upper area
and was observed in the binocular single vision field (Fig.
6B). Supraduction in the adduction of the left eye was
limited in the nine diagnostic positions of gaze, and abduc-
tion was observed on upgaze (Fig. 7). An orbital floor trap-
door fracture was observed outside of the IR with a
teardrop sign and findings of bony thickening in the coronal
view on CT images (Fig. 8A). However, the IR was not sand-
wiched between the fracture pieces. The IO branch going to
the superior side of the IO belly from the fracture lesion
was identified on sagittal view CT images (Fig. 8B). A
medial orbital wall fracture was also observed in the left
eye; however, since it was thought that this fracture had not
contributed to the ocular movement disorders in the image
findings and other examinations, we did not reduce the
medial orbital wall. Reduction of the orbital floor was per-
formed in the left eye 16 days after injury. An intraopera-
tive forced duction test revealed a slight restriction. Positive
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findings showing the incarceration of the IO branch could
not be obtained intraoperatively because of the periosteum
and the orbital fat. Three months postoperatively, although
a slight restriction of supraduction was observed in his left
eye on a Hess chart (Fig. 9A), the binocular single vision
field was much improved (Fig. 9B). Head position and the
nine diagnostic positions of gaze were normal. The orbital
floor was well reduced in his left eye (Fig. 10A), but the 
IO branch could not be observed on sagittal MR images
(Fig. 10B).

Discussion

Young people are particularly susceptible to orbital floor
trapdoor fractures, a condition that is considered to neces-
sitate an emergency operation.1–5 In such cases, the IR is
usually incarcerated between fracture pieces, and severe
ocular movement disorders are often produced.1–5 As a
result of congestion, muscular necrosis can occur.1,4,5 A
typical case is the so-called condition of missing rectus,13,14

in which the overall width of the muscle is caught among
the fracture pieces, and the image of the IR disappears on
coronal views in both CT and MRI. Connective tissue septa
are then also tightly incarcerated in the fracture lesion.1,6,7

The inflammation produces fibrosis around the fracture
lesion, and, consequently, ocular movement disorders are
aggravated.1,6,7 For this reason, in orbital floor trapdoor 

Figure 5A,B. The MR images in Case 1, postoperatively. A Coronal
view of MR image. The orbital floor is well reduced. The inferior
oblique muscle branch of the oculomotor nerve is detected in this
image just outside of the inferior rectus muscle. Arrow, inferior oblique
muscle branch of the oculomotor nerve. B Sagittal view of MR image.
The inferior oblique muscle branch of the oculomotor nerve is
observed in this image, without incarceration in the floor. Arrow, infe-
rior oblique muscle branch of the oculomotor nerve

Figure 6A,B. Hess chart and the binocular single vision field in Case
2, preoperatively. A Hess chart. Supraduction restriction of the left eye
and a motility disturbance of the inferior oblique muscle are observed
in the left eye. B Binocular single vision field. The binocular single
vision field is observed in the left lower area including the primary eye
position.

Figure 4A,B. Hess chart and the binocular single vision field in Case
1, postoperatively. A Hess chart. A slight restriction of supraduction of
the left eye is observed. B Binocular single vision field. Binocular single
vision field is much improved.
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Figure 7. The nine diagnostic
positions of gaze in Case 2,
preoperatively. Supraduction in
adduction of the left eye is
restricted.

Figure 8A,B. CT and MR images in Case 2, preoperatively. A Coronal
view of CT image. An orbital floor trapdoor fracture is observed
outside of the inferior rectus muscle with a teardrop sign and findings
of bony thickening. The inferior rectus muscle is not sandwiched
between the fracture pieces. Arrowhead, teardrop sign. B Sagittal view
of CT image. The inferior oblique muscle branch of the oculomotor
nerve that goes to the myoneural junction from the fracture lesion is
identified. Arrow, inferior oblique muscle branch of the oculomotor
nerve.

Figure 9A,B. Hess chart and the binocular single vision field in Case
2, postoperatively. A Hess chart. A slight restriction of supraduction of
the left eye is observed. B Binocular single vision field. The binocular
single vision field is much improved.
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fractures, it is the IR that has received most attention with
the IO receiving much less.

The IO branch of the oculomotor nerve runs just outside
of the IR,9,12 and the most common site for orbital floor
trapdoor fracture is just inside the infraorbital groove,
namely, just outside the IR.10–13 Thus, in very many cases of
orbital floor trapdoor fracture, the IO branch is thought to
become incarcerated between the fracture pieces. Iliff et
al.12 reported that owing to the anatomical characteristics of
the IO branch, it was difficult for it not to be affected by a
contusion injury in which IO palsy could become one of the
causes of any ocular movement disorder. The two patients
in this study apparently suffered from a contusion caused
by the incarceration of the IO branch, which then became
one of the causes of the movement restriction of the IO.
However, we were not able to obtain positive findings
showing the incarceration of the IO branch intraopera-
tively, because only the periosteum and the orbital fat are
extracted from fracture sites in an operation for a blow-out
fracture, and generally we cannot see any other orbital 
contents. Furthermore, a search for the orbit to obtain such
positive findings of nerve incarceration would promote cica-
trization around the IR and IO; thus, a search for the orbit
is most certainly ruled out.

When, with incarceration of the IR, ocular motility dis-
turbances become severe, any movement restriction of the

IO may be obscured. However, movement restriction of the
IO was seen on Hess charts in the two cases presented here,
in images that showed incarceration of the IO branch
without incarceration of the IR. In these image findings, as
the connective tissue septa were also incarcerated in the
fracture site, and taking the findings of the Hess chart into
consideration, it is difficult to attribute the cause of the
movement restriction of the IO entirely to IO palsy.
However, from the findings presented here, IO palsy is con-
sidered to have been an cause of these ocular movement
disorders. Overaction of the ipsilateral superior oblique
muscle was not remarkable, but it is thought to have been
caused by the mechanical movement restriction due to the
incarceration of the connective tissue septa.

The basis on which we judged the strip of soft tissue
structure as the IO branch, and not as the connective tissue
septa, is as follows: (1) Sagittal images were sliced in accor-
dance with the course of the IO branch just outside of the
IR. The IO branch is around 1mm in diameter, and it can
be identified in the coronal views on CT14 and MRI (Figs.
3B,8B).15 It is hard to identify the nerve in the normal con-
dition in sagittal view images. However, because the nerve
was swollen owing to a blood flow disorder at this time, we
believe we were able to identify it. (2) The myoneural junc-
tion of the IO is located on the superior side of the belly of
the IO.7,16,17 This strip of soft tissue structure goes toward
that site. (3) If the strip of soft tissue structure were the con-
nective tissue septa, it should go toward the side of the IO,
a little lower than the myoneural junction of the IO.6,7,18 In
addition, considering the mechanism of the injury, it is 
difficult to accept that only one septum would be clearly
observed and that the other septa would not also be
observed in the area. Finally, (4), although Koornneef et
al.6,7,19 have reported in detail about the connective tissue
septa, a large, uniform connective tissue septum in the floor
region was not shown in their results.6,7,19 In addition,
Dutton’s Atlas does not show a large, uniform connective
tissue septum.18 Septa reconstructed three-dimensionally in
the floor region appear as various small pieces, not as
uniform or large shapes.6,7,18,19 Consequently, even if the
septa had been sliced in a sagittal section, it would be impos-
sible to describe them as long and thick, like they appeared
in the cases presented in this study. For the above reasons,
we judged the strip of soft tissue structure seen here as the
IO branch, and not as connective tissue septa.

It may be possible to prove IO palsy by observing MR
images of muscle contraction and relaxation20 of the IO,
although we did not do this in this study. The IO of the two
cases here would probably show less change in muscle
thickness during contraction and relaxation than the IO of
normal cases.

The parasympathetic nerve controlling the pupil is
included in the IO branch,21 and branches off from it at a
site posterior to the ciliary ganglion and then goes anteri-
orly toward the ganglion.21 As the fracture lesions in our two
cases were located in a part distal from the ciliary ganglion,
these cases would not be expected to present with pupillary
disorders.

Figure 10A,B. CT and MR images in Case 2, postoperatively. A
Coronal view of CT image. The orbital floor is well reduced. The infe-
rior oblique muscle branch of the oculomotor nerve cannot be detected
in this image because there is little postoperative contrast. B Sagittal
view of CT image. The inferior oblique muscle branch of the oculo-
motor nerve cannot be observed on this image because there is little
postoperative contrast.
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We demonstrated the possibility of incarceration of the
IO branch in orbital floor trapdoor fractures. To date, incar-
ceration of the IO branch at a fracture site has not been
visualized on images; we believe that this is the first study
to show such incarceration of the IO branch using CT 
and MR images. In an orbital floor trapdoor fracture in
which the IR is not incarcerated in the fracture lesion, the
IO branch sometimes becomes so incarcerated. In such
cases, movement restriction of the IO due to incarceration
of the IO branch in the fracture site should be taken into
consideration.
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