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Magnetic Resonance Imaging of the Medial

Rectus Muscle of Patients with Consecutive
Exotropia after Medial Rectus Muscle Recession

Takashi Negishi, MD,'? Akiko Hikoya, MD, PhD,! Haruo Isoda, MD, PhD,? Yoko Tsuchiya, MD,’
Mayu Sawada, MD,! Yoshihiro Hotta, MD, PhD,! Miho Sato, MD, PhD!

Purpose: To investigate the morphologic characteristics of the medial rectus muscle in patients with
consecutive exotropia.

Design: Retrospective, nonrandomized, interventional study.

Participants and Controls: Eleven eyes of 10 patients with consecutive exotropia were studied. Thirteen
eyes of 13 age-matched normal subjects were studied as controls.

Methods: All of the patients underwent an advancement of a previously operated medial rectus muscle.
Patients were divided into 3 groups based on the insertion of the medial rectus muscle: Normally recessed
stretched scar, and slipped muscle.

Main Outcome Measures: A comparison was made of the clinical findings, intraoperative findings, and
distance from the limbus to the medial rectus muscle measured on magnetic resonance images among the groups.

Results: The medial rectus of 4 eyes of 3 patients had normally recessed insertions and 7 eyes had abnormal
insertions (3 stretched scars, 4 slipped muscles). The clinical findings were not different among the 3 groups. The
magnetic resonance images showed that the medial rectus muscle was located closest to the limbus in the
control subjects and most distant in the patients with a slipped muscle (P<0.005). The clinical findings in the

patients with a stretched scar and with normally recessed were indistinguishable.

Conclusions:

Magnetic resonance images of the medial rectus muscles of the control subjects and oper-

ated groups are significantly different morphologically. A slipped medial rectus muscle has characteristic
magnetic resonance findings that are distinguishable from the muscle with normally recessed and stretched scar.

Financial Disclosure(s): The authors have no proprietary or commercial interest in any of the materials
discussed in this article. Ophthalmology 2010;117:1876-1882 © 2010 by the American Academy of Ophthalmology.
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A consecutive exotropia is one of the most common com-
plications of esotropia surgery, and can occur immediately
after an initial medial rectus muscle recession or even
decades after the surgery. The causes for the overcorrection
include miscalculation, accommodation, amblyopia, poor
binocularity,!? and mechanical problems of the previous
surgery. The incidence of consecutive exotropia has been
reported to be 4% to 20%,* but the percentage is usually
higher if patients are followed for longer times.*?

It is important to know the surgical history of a patient
before surgery to correct a consecutive exotropia. However, in
many adult cases, medical records are not available, and the
memories of the patients are vague, even on the direction of
the deviation. In these cases, we must speculate on the type of
the earlier surgeries by a careful search for conjunctival scars
with a slit lamp, by a limitation in duction, the existence of
nystagmus, and the presence of dissociated vertical deviations.
Earlier surgeries can also be detected by performing imaging
studies including magnetic resonance (MR) imaging, com-
puted tomography, and ultrasonic biomicroscopy.

Muscles that have undergone surgery have occasionally
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been found to be abnormally attached to the sclera. Parks
and Bloom® called a rectus muscle that is not attached to the
sclera directly, but is attached to the sclera through an empty
capsule, a slipped muscle. The empty capsule is a thin
connective tissue that can be easily pulled up from the
sclera, and the muscle is located after the membrane. Unlike
a lost muscle, a slipped muscle can often be retracted within
Tenon’s capsule, and this condition can be corrected.” A
large angle of deviation, accompanied by limitation in ad-
duction, slow saccadic velocity, widening of the palpebral
fissure,®® and an oculocardiac reflex'® have been proposed
as clinical signs of a slipped muscle. However, a recent
study showed that only operative exploration can accurately
diagnose a slipped muscle.!!

Ludwig found that a previously operated rectus muscles
can attach to the sclera by scar tissue rather than a tendon or
the muscle.'>!3 This condition is named a stretched scar,
and the scar is an abnormally elongated cicatricial tissue of
the operated rectus muscle. A stretched scar gradually
progresses, taking several years to decades to stabilize, and
the angle of deviation increases with the progression. The

ISSN 0161-6420/10/$-see front matter
doi:10.1016/j.0phtha.2010.02.006
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angle of deviation is usually small, and there is minimal
limitation of adduction. Therefore, detecting a stretched scar
is difficult by clinical observations, and a proper diagnosis
can only be made after exposing the medial rectus muscle
surgically.

To treat consecutive exotropia, a recession of the lateral
rectus muscles has been recommended'# rather than advanc-
ing the previously recessed medial rectus muscles.'>'® But,
in eyes with either a slipped muscle or a stretched scar, the
medial rectus muscle needs to be sutured onto the sclera
firmly during the reoperation.!” If these anomalous muscle
insertions are found and secured, there is a good chance for
success.”18:19

Considerable information about the morphologic and
functional aspects of the extraocular muscles (EOMs) and
the connective tissues in the orbit can be obtained by MR
imaging. Despite the many MR imaging studies, an identi-
fication of the insertion site of the EOM by MR imaging is
still very difficult, possibly because the rectus muscle arcs
over the globe. Thus, it is believed generally that there is no
valid way to diagnose a slipped muscle and stretched scars
other than during surgery.

Slipped muscles and stretched scars seem to be distinct
clinical entities, but we were not able to extract any com-
parative pathologic or clinical studies on these 2 conditions
by a search on PubMed with the terms of “consecutive
exotropia,” “slipped muscles,” “stretched scars,” and ““scar
remodeling.” It would be a great help for preoperative
planning if we can determine insertion anomalies by MR
imaging. Thus, the purpose of this study was to determine
the type of medial rectus muscle insertion by MR imaging.

EEIRT)

Methods

Study Design

A retrospective, nonrandomized, interventional study was performed.

Participants

Eleven eyes of 10 consecutive patients with consecutive exotropia
who had been treated with advancement of the medial rectus
muscle with or without recession of the lateral rectus muscle of the
same eye were studied. There were 2 men and 8 women. The
average age of the patients was 42.3+14.7 years (range, 25-72).
Thirteen eyes of 13 normal adult volunteers—8 men and 5 women
between 26 years and 44 years (average, 33.2)—served as controls.
Patients requested strabismus surgery because of their unaccept-
able appearance; none complained double vision.

The procedures used conformed to the guidelines of the Dec-
laration of Helsinki and were approved by the Institutional Review
Board of the Hamamatsu University School of Medicine. Informed
consent was obtained from all subjects after an explanation of the
procedures to be used and possible side effects. Each subject
completed a standard preexamination questionnaire used to screen
for contraindications of an MR examination.

Main Outcome Measures

The relationship between the distance from the limbus to the
position where the medial rectus muscle starts enlarging as mea-

sured on MR images and the insertion of the medial rectus muscles
determined intraoperatively was investigated.

Clinical Examinations

The histories of the past surgeries were obtained from the medical
records when available, from statements by the patients, and by
careful observations with a slit lamp. The age of the patient, age at
the initial surgery, interval between the first surgery to the most
recent surgery, and the muscles previously operated on were
recorded and used in the analyses.

The angle of deviation for far objects was determined by prism
cover test. If the patient had limited adduction in 1 eye, the angle
of deviation was determined with the prism placed in front of the
paretic eye, which neutralizes the deviation. If the patient had
limited adduction in both eyes, the prism was placed in front of the
nonfixing eye or in front of both eyes when the angle exceeded 50
prism diopters.

A limitation in adduction was scored as —4 when the eye did
not move, —3 when the eye moved to the midline but not past the
midline, —2 when the eye movement was intermediate, and —1
when the eye had only a slight limitation of adduction.

Magnetic Resonance Imaging

Horizontal MR images (T1- or T2-weighted image) that included
both the medial and the lateral rectus muscles were recorded in the
primary and adducted position. A 1.5 Tesla MR scanner (Signa
Infinity Twin speed with Excite, version 12, GE Healthcare,
Waukesha, WI) with a commercially available 8-channel head
array coil was used. We used T1-weighted images for the analyses
in most of the cases, but T2-weighted images were also used in
other cases, which showed better resolution. The field of view was
12 X 12 or 10 X 10 cm, and the thickness was 3, 4, or § mm
without gap. Because some patients could not adduct fully or had
extreme difficulty maintaining a particular eye position, the imag-
ing time was modified according to the abilities of each patient.

The head of the subject was placed in a head rest and stabilized
by a head band. The patients were instructed to fixate small targets
at the center, 30 degrees to the right, and then 30 degrees to the left
of the inner surface of the head coil with the operated eye. In
patients who could not fully adduct the operated eye, they were
requested to adduct as far as possible with the fellow eye. When
the patients could not adduct both of their eyes fully, they were
requested to adduct as much as possible with either eye. The
images of the primary and adducted positions were used for the
analyses.

Image Analyses

The MR images were transferred to a computer (PowerMac G5,
Apple Inc., Cupertino CA), formatted as PNG file with a file size
of approximately 300 kilobytes, 72 X 72 pixels/inch were ana-
lyzed with software Image J 1.41 (Wayne Rasband, National
Institutes of Health, Bethesda, MD). The distances from the limbus
to the medial rectus muscle was measured on the screen images by
2 investigators (MS and TN) in a masked way, and the average of
their measurements were used (Fig 1). The average of the insertion
site of the control subject was estimated to be 5.0 mm from the
limbus for normal adults.?”

The sum of the length from the limbus to the insertion and the
length from the insertion to the location where the muscle became
thicker was taken as the distance from the limbus to the muscle and
used for the statistical analyses.
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Figure 1. Measurement of the distance from the limbus to the insertion of the muscle. Left: Horizontal magnetic resonance image of a normal control
in adduction. Right: Horizontal magnetic resonance image of a case with consecutive exotropia in adducting position. Arrows indicate 12 mm distance
at the level of the lens. (a) Corneal limbus was defined as the end point of a 12-mm line passing across the cornea. (b) Point where the medial rectus
muscle inserts onto the globe. (c) Point where the medial rectus muscle becomes thicker. In the control subjects, b is estimated to be 5 mm from the limbus
based on the average of normal adults. The total of the length from a to b, and from b to ¢ is taken as the distance from the limbus to the muscle and

used for statistical analyses.

Operative Techniques and Intraoperative Findings

All of the operations were performed under microscopic view with
a magnification of 15 X 0.3 or more under general anesthesia.
When the lateral rectus muscle was felt to be tight on the forced
duction test, the lateral rectus muscle was exposed and recessed.

A fornix-based conjunctiva incision was made in the nasal
quadrant, and the nasal aspect of the sclera was exposed. A
Jameson muscle hook was inserted into area of the sub-Tenon’s
membrane and pulled forward to capture the medial rectus muscle.
If the hook retracted a tendon or a tendonlike tissue attached to the
sclera, it was carefully separated from the surrounding connective
tissue, and the tissue remaining attached to the globe was carefully
inspected. If the tissue included muscle fibers which were firmly
attached to the sclera, it was defined as a normally recessed muscle
(Fig 2; Video clip 1, available online at http://aaojournal.org).
The distance between the limbus and the insertion site was then
measured.

Two interrupted 6-0 coated Vicryl (Ethicon Inc, Somerville,
NJ) sutures were placed at the upper and lower edges of the medial
rectus muscle approximately 2 mm from the insertion. Then the
muscle was detached from the sclera, advanced to the appropriate
location, and securely sutured to the sclera.

When the muscle was found connected to the globe, but in-
cluded a tendonlike tissue that was clearly distinguished from the
muscle when pulled forward between the muscle and the insertion
site, it was defined as a stretched scar (Fig 3; Video clip 2,
available online at http://aaojournal.org). The distance between the
limbus to the insertion site, and between the insertion site and the
location of the true muscle were measured. Two interrupted, 6-0,
coated, Vicryl sutures were placed at the upper and lower edges of
the true muscle. Then the tendonlike tissue was detached from the
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sclera and removed, and the true muscle was advanced to the
appropriate location and sutured to the sclera.

When the tissue connected to sclera was a thin translucent
membrane followed by true muscle fibers, it was defined as a
slipped muscle (Fig 4; Video clip 3, available online at http:/
aaojournal.org). The thin membrane was traced as far posteriorly
as possible until the true muscle was found. The membrane was
removed, and the muscle was advanced to the appropriate location.

Specimens removed during surgery for both slipped muscle and
stretched scars were sent for pathologic examination and con-
firmed that they did not include skeletal muscle fibers.

After the medial rectus muscle was operated on, the lateral
rectus muscle was recessed when needed. The locations for the
medial rectus muscle and the lateral rectus muscle to be sutured on
to the sclera were determined by the normal “spring back tests.”?!
For selected cases, the adjustable suture technique was used on the
lateral rectus muscle, and the adjustment was performed on the
next day.

Statistical Analyses

The computer software Statview for Windows, ver.5 (SAS Inc.,
Cary, NC) was used for the statistical analyses. Analysis of vari-
ance was used for the analysis among the different anatomic
groups, and the Bonferroni correction was used as a post hoc test.
P<0.05 and P<0.016 were considered significant, respectively.
The relationship between clinical appearance and MR findings,
and the relationship between intraoperative measurements and MR
findings were analyzed with the Mann-Whitney U test; P<<0.05
was defined as significant.
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Figure 2. Intraoperative view of a normally recessed medial rectus muscle
(left eye, surgeon’s view). The muscle inserts to the globe with firm tissue
which is most likely a true tendon. Arrowheads indicate the origin of
skeletal muscle that surrounded by dotted line.

Results

The demographics and intraoperative measurements of the patients
are presented in Table 1. The insertion of 4 medial muscles of 3
patients were classified as normally recessed 3 were stretched
scars, and 4 were slipped muscles. The median adduction deficit
was the greatest in the slipped muscle cases but the difference in
the degree was not different from that of the other 2 groups. There
were no differences in the clinical findings among the 3 groups.

The distance between the limbus and the insertion site of the
muscle or the musclelike tissue attached to the sclera measured
intraoperatively was significantly longer in the normally recessed
group than in the other groups (P<<0.01). The distance from the
limbus to the muscle measured intraoperatively was significantly
longer in slipped muscles than that of normally recessed muscles
(P<0.01).

Figure 3. Intraoperative view of a stretched scar (right eye). The muscle
is attached to the globe by thick connective tissue, and the muscle is seen
posterior to the insertion. Arrowheads indicate the origin of skeletal
muscle.

Figure 4. Intraoperative view of a slipped muscle (left eye, surgeon’s
view). The muscle is attached to the globe by very thin connective tissue,
and the muscle is seen far posterior to the insertion. Note the muscle hook
beneath the tissue is clearly visible. Arrowheads indicate the origin of
skeletal muscle.

The measurements obtained from the MR images are shown in
Figure 5. The distance from the limbus to the edge where the
muscle begins enlarging on the MR images was significantly
shorter in adduction than in the primary position only in the control
subjects (P<<0.001). The distance did not change significantly in
the different fields of gaze in patients with consecutive exotropia.
The distance between the limbus and the beginning of the muscle
measured on the MR images of the normally recessed group was
not significantly different from that of the stretched scar group
both in the primary position and in the adducted position. How-
ever, the distance for the slipped muscle group was significantly
longer than that of the other 2 groups (P<<0.01). There was a
positive correlation between the intraoperative measurements and
MR measurements (Fig 6).

Discussion

At the beginning of this study, we found that the distance
from the limbus to the insertion site on the MR image was
not different from that obtained intraoperatively, but the
correlation was weak. However, there was a limitation of
the MR measurements because the arc of the medial rectus
muscle on the globe made it difficult to determine the
insertion site accurately. Therefore, we used only the total
length along the globe which was measured by using 3
points rather than a straight line from the limbus to the
muscle insertion.

The medial rectus muscles of the control subjects were
distinguishable from previously recessed medial rectus
muscles with or without insertion anomaly on the horizontal
MR image taken in the adducted position. In cases of
unoperated medial rectus muscles, the point where the mus-
cle begins to enlarge shifts anteriorly in the adducted posi-
tion, but this was not observed in previously operated re-
cessed muscles.

There was a significant correlation between the distance
from the limbus to the muscle measured on the MR images
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Table 1. Characteristics of Subjects

Age at Intraoperative Findings (mm)
First Limitation Strabismus
Age Operation Duration VA  Affected in Angle From Limbus  From Insertion From Limbus
Case Gender (y) (y) (y) (R/L) Eye Adduction (PD) to Insertion to Muscle to Muscle

Normally recessed

1 Female 37 3 34 1.2/1.5 Right = 30 12 0 12

2 Male 29 3 26 0.8/1.5 Right -1 35 10 0 10

3 Left -1 35 9 0 9

4 Male 28 3 25 1.5/1.5 Left -1 45 12 0 12

Average 313 3.0 283 -13 36.3 10.8* o 10.8°
Stretched scar

5 Female 40 5 35 1.5/0.3 Left -3 70 10 4 14

6 Female 61 16 45 0.8/1.5 Left -1 75 9 3.5 12

7 Female 25 3 22 1.2/1.5 Right 0 25 9 5 14

Average 42.0 8.0 34.0 -1.3 56.7 9.27 4.2%F 13.3
Slipped muscle

8 Female 71 25 46 1.2/1.2 Left -3 40 5 8 13

9 Female 49 3 46 1.5/0.09  Left -2 40 7 9.5 17

10 Female 42 4 38 1.5/1.5 Left -3 85 6 8 14

11 Female 44 3 41 1.2/1.0 Left -3 80 7 7 14

Average 51.5 8.8 428 -2.8 61.3 6.3 8.1 144

Note. Cases 2 and 3 are the same patient.

PD = prism diopter; VA (R/L) = corrected visual acuity (right eye/left eye).
*¥P<0.001 vs slipped muscle group.

"P<0.01 vs slipped muscle group.

#P<0.001 vs stretched scar group.

in the primary position and the real distance between the
limbus and the muscle. Therefore, examining the MR im-
ages before surgery can help to determine whether the
medial rectus muscle had been operated on and if the medial
rectus muscle has slipped. If we conclude that there was a

(mm)

slipped muscle on the MR image, it may help to avoid
advancing only the thin elastic connective tissue, which
may cause a recurrence of a consecutive exotropia. Al-
though MR imaging helps us to go to surgery already
knowing that we have a slipped muscle, in many situa-

(mm)

25

20

15

Distance between the limbus to the muscle
(measured on magnetic resonance images)

o L -
in primary position

Figure 5. The average distance between the limbus and the muscle measured on the magnetic resonance images taken in the primary position (left) and
in the adducting position (right). *P<0.005; **P<0.001. The distance between the limbus and the beginning of the muscle was not different between
that of normally recessed group and that of stretched scar group, but that of the slipped muscle group was significantly longer (P<<0.01) than the other

2 groups.
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Figure 6. The distance obtained from the magnetic resonance measure-
ments and the actual distance from the limbus to the muscle are highly
correlated (y = 0.388x + 5.66; 12 = 0.33).

tions the surgeon must open the conjunctiva to see the
anatomy of the medial rectus to decide whether it has a
stretched scar or not, and to decide whether to operate it
on again or not.

Among the cases with a previously recessed medial
rectus muscle, only cases with a slipped muscle can be
differentiated from the other conditions on the MR images
obtained in the primary position. The difference in the
distances between the control subjects and the normally
recessed muscle or stretched scar was detected only in the
adducted position. It may be simply expected that the loca-
tion of the skeletal muscle in cases of a slipped muscle is
farther posterior in the orbit than those of control, normally
recessed muscles, and stretched scar, but the intraoperative
measurements did not show significant differences among
the 3 groups.

Recently, the surgical effects of the location and shape of
the EOMs have been observed by MR imaging, and a better
prediction of the appropriate surgical interventions has been
made. The functional insertion site of the EOM has been
recognized to be related to the site of pulley, and the
relationship between the surgical effect and surgical proce-
dures may be better explained by the pulley theory than the
classic tension—length theory.?? The postoperative changes
in the path and length of the lateral rectus muscle has been
documented by MR imaging, and the mechanism of the
different surgical effects can be explained from the ima-
ges.?> A change of the pulley location after a recession of
the medial rectus muscles has been documented on the MR
images taken under different gaze positions.?* Then, the
mechanisms of a higher incidence of muscle slippage in the
inferior and medial rectus muscles could be explained on
the MR images as a small wraparound effect of the muscle
on the globe.?

We understand that there is an argument about the dif-
ferential diagnosis of slipped muscle and stretched scar. In
this study, the final diagnosis was made by the observations
of one surgeon (MS). We need to mention that, until the
early 1960s, free tenotomy of the medial rectus muscle was
the most popular procedure for treating esotropia in Japan.
Forty years later, some of the patients returned to the clinic

to treat their large consecutive exotropia. We speculate that
cases 8 and 10 underwent free transconjunctival tenotomy
rather than recession, which suggests that these cases have a
“true” slipped muscle. Histopathologic studies showed that
normal tendon, stretched scar, and slipped muscle consist of
diffuse connective tissue, and they are indistinguishable.'?

Both slipped muscle and stretched scars are similar in
that both muscles do not attach directly to the sclera, but
there is a significant difference in the MR findings in these
2 conditions. There is a possibility that the properties of the
connective tissue in these 2 conditions are different. The
connective tissue of a slipped muscle is much weaker than
that of a stretched scar, and thus less contractive force is
transmitted to the globe from the muscle. There remains a
question of whether a stretched scar is the earlier stage or a
less severe form of the slipped muscle. If so, a stretched scar
should be diagnosed and corrected appropriately before
advancing to the slipped muscle stage.

We exposed the medial rectus muscle of all consecutive
exotropia operated between 2007 and 2009. Among the 11
eyes of 10 patients, 4 eyes of 3 patients had normally
recessed muscles, and 7 eyes of 7 patients had an abnormal
insertion (64%). This is the highest frequency of abnormal
insertions among the reported studies. The clinical findings
and MR findings of the cases with stretched scar are quite
identical to those of normally recessed muscles. Thus, these
conditions may be underdiagnosed; if the medial rectus
muscle is left alone and treated only by recession of the
lateral rectus muscle, the scar may gradually progress and it
will not be able to be cured.

There are some limitations of this study. First, the num-
ber of patients was quite small. Second, the final diagnosis
was made from the observations of 1 surgeon (MS) and not
confirmed pathologically, even though a histologic differ-
entiation may not be possible. To give the true incidences of
slipped muscle and stretched scar in consecutive exotropia
cases, a larger prospective study is required with many
surgeons using universal criteria.
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59k, B FIRIBUEEY.

P - VD=0.5 (0.9%cyl—=3.0D Ax5),
VS =1.5 (GIEFHE).

AR VD=05(1.0X+2.0DCcyl—3.0D Ax5°),
VS =05 (1.0X+2.0D).
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F + <A (Titmus) VAR
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WD - VD=0.9(1.2X +0.5DCeyl—1.5D Ax5°),

Hrize PR - MR 64XP, R 184XP".
F b= AR
Fly (+), Animal (3/3), Circle (7/9).
WIS HEN AR O # L BEY DR
#Bohs (2).

<fEB 2 : fUDER> (14 3)
3THE. B ERIWIRTRL EPERLITRA,
HRAEIE S A58 5.
BHEDOBLJ)  VD=0.06 (15X ~75D Cevl—0.75D Ax107),
VS =0.07 15X =7.0D Ceyl—1.0D Ax160°).
FHETOMIBERAS  BVA= (04X FEL ¥ X).
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F b ASLARSA

Fly (+). Animal (0/3). Circle (1/9).
BHRFMERS 7 mm #8E + PIER 5.5 mm R % 5617
MitatR N VD=0.06 (15X =7.75D),

VS =0.07 (15X ~7.0D°).
I TOWRRED : BVA=0.2x LR &8
AV &2 Eo% (WA

F b v AL

Fly (+). Animal (0/3). Circle (1/9).

Flirth mILE
2.60mm
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W) 0 VD=0.07 (L5X=45DCeyvl—0.75D Ax180°),
VS =0.08 (15X—4.0DCcyl—0.75D Ax180°).

AR B - R R 354XP, IR 254XP".

F b2 ALFHBRA

Fly (+). Animal (3/3), Circle (3/9).
MRS RS 7.5 mm BEEHT & HifT L 7.
WitEH 1 VD=0.06(15X—4.75DCcyl—0.5D Ax1807),

VS =0.07 (15X —4.5DCeyl—0.5D Ax180°).
it ze fOEP RS - ER 164XP, R 84XP'.
F b AVARERE
Fly (+), Animal (373), Circle (5/9).

Ttz BEILE
- 5.66 mm

4.99 mm

Tl BEFLEE
iR 3.9mm
FrHit 3.44mm
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HoNBFMER L ERICOWTORE. RE 101:
80-84. 2007
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