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The difference in
muscle slippage
according to scleral
suture techniques in
rectus muscle
resection of rabbit
eyes

Abstract

Purposes To investigate the degree of muscle
slippage according to scleral suture techniques
in extraocular muscle resection of rabbit eyes.
Methods Twenty eyes from 10 rabbits

(20 superior rectus muscles) were divided into
four groups according to scleral suture
techniques. The types of scleral suture
technique used for the four groups were as
follows: group 1 — double-arm mattress suture
technique without midline suture; group 2 -
double-arm mattress suture technique with
midline suture; group 3 — long scleral tunnel
suture technique without midline suture; and
group 4 - long scleral tunnel suture technique
with midline suture. Five superior rectus
muscles were assigned to each group and they
underwent resection with 6-0 prolene using
one of the four suture techniques. The degree
of muscle slippage was measured 3 months
after the surgery, defined as the distance
between the prolene materials at the centre of
muscle insertion and the pre-placement
suture.

Results The mean degree of muscle slippage
for treatment groups 1-4 was 2.3+0.62,
1.0+0.27, 1.5+ 0.45, 0.5+ 0.46 mm respectively.
Group 1 had significantly more muscle
slippage than groups 2—4 (P =0.006, P =0.046,
P =0.001 respectively). Group 4 had the least
slippage among the four groups, while group 3
had significantly more slippage than group 4
(P=0.009). The differences between groups 2
and 3 and between groups 2 and 4 were not
statistically significant (P =0.083, P =0.077
respectively).

Conclusion Long scleral suture technique is
more effective method than double-arm
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mattress suture technique for the prevention
of muscle slippage in rectus muscle resection.
The addition of a midline suture of rectus
muscle was helpful in the prevention of
muscle slippage.
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Introduction

Slipped or lost muscle are well-known
complications of strabismus surgery.'™
A slipped extraocular muscle (EOM) occurs
when part or all of the EOM insertion slips
posteriorly within its fascial sheath, leaving its
anterior sheath connected to the globe. Lost
muscle occurs as a result of detachment and
retraction of the entire EOM and its capsule in a
posterior direction through Tenon’s capsule into
the orbit.*® Parks and Bloom® reported that
slipped muscle is probably caused when the
pre-placed suture passes through the tendon
capsule alone rather than through the tendon
fibres, allowing the tendon fibres to slip
posteriorly. Ohba et al” presented a case in
which the slipped muscle may have been
caused by insufficient suturing and/or
excessive rubbing of the eye by the patient.
The prevention of slipped muscle is
important in strabismus surgery to increase the
accuracy, reproducibility, and sustainability of
the surgery. Chen et al® reported that the
frequency of muscle slippage after muscle



surgery with an unsatisfactory outcome was 10.6%.
Although numerous scleral suture techniques exist for
securing the muscle or tendon, we are unaware of prior
studies that correlated degree of muscle slippage with
adequacy of scleral pass associated with these
techniques. The technique with the least muscle slippage
would be expected to improve surgical outcome in
strabismus surgery.

We undertook this study to compare the degree of
muscle slippage resulting from each of the four
commonly used scleral suture techniques in rectus
muscle resection of rabbit eyes.

Materials and methods

Experiments were performed on 10 healthy New
Zealand white rabbits (2. 5-3.0kg, 20 eyes) by one
surgeon. All procedures followed the guidelines of the
National Institutes of Health and the ARVO Statement
for the Use of Animals in Ophthalmic and Vision
Research. The 20 eyes were randomly allocated to four
treatment groups, with each group undergoing surgical
resection of the superior rectus muscle using a different
scleral suture technique as described below. Resection in
groups 1 and 2 was performed using a double-arm
mattress suture technique with and without midline
suture, respectively. Resection in groups 3 and 4 was
achieved using a long scleral tunnel suture technique
with and without midline suture respectively.

Each rabbit was anaesthetized with an intramuscular
injection of ketamine and xylazine (1:1; 10 and 2mg/kg,
respectively). Proparacaine drops were placed in the
conjunctival cul-de-sac to reduce blinking. Three months
after surgery, we used non-absorbable double-arm 6-0
prolene (Ethicon) to measure the degree of muscle
slippage, which was defined as the distance between
suture materials at the centre of insertion and the
pre-placement suture. Prolene is not commonly used
suture material in modern strabismus surgery, but we
thought that the non-absorbable suture material would be
better for visualization of the degree of muscle slippage.
The limbal conjunctiva and anterior Tenon’s capsule were
opened, the superior rectus muscle was exposed and the
intermuscular membrane and check ligaments were
dissected. The reason for which superior rectus muscles
were used in our study was that it is the thickest
extraocular muscle in rabbits, making it easy to observe.
A double-arm suture was pre-placed by passage of a
needle through the muscle substance at a distance of
5mm from the insertion site using 6-0 prolene
(non-absorbable). A locking bite on both margins of the
muscle completed pre-placement of the double-arm
suture. The muscle was cross-clamped with a hemostat
just distal to the suture line, followed by transection of
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the muscle 1 mm anterior to the suture line. The muscle
was disinserted and resected. The resected rectus was
then securely attached to the sclera by the four scleral
suture techniques. We spread the muscle broadly so that
it was approximately the same width as the insertion to
prevent central muscle sag.

In group 1, each arm of the suture was brought out
through the edge of the stump of the muscle’s original
insertion (Figure la). After that, the suture was gently
sawed to bring the remaining muscle up to the original
insertion without midline suture (double-arm mattress
suture technique without midline suture, Figure 1b). In
contrast, in group 2, one suture was then brought back
through the insertion near its centre and through the
central portion of the muscle from beneath. The suture
was gently sawed to bring the remaining muscle up to
the original insertion (double-arm mattress suture
technique with midline suture, Figure 1c). In group 3,
each needle passed intrasclerally on an oblique course,
not through the tendon stump, creating a 3 mm tunnel
(Figure 1d). The suture ends overlapped as they came out
of the sclera resulting from the ‘crossed-swords’
intrascleral passage of the double-arm suture needles.
The resected muscle was securely tied at the original

Figure 1 Schematic drawings of superior rectus muscle
resection using double-arm mattress suture technique (a) with-
out midline suture of rectus muscle (b, group 1), with midline
suture of rectus muscle (c, group 2). Schematic drawings of long
scleral tunnel suture technique (d) without midline suture of
rectus muscle (e, group 3), with midline suture of rectus muscle
(f, group 4).
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insertion site (long scleral tunnel suture technique
without midline suture, Figure 1e). In group 4, suture
technique was similar to that of group 3 except that the
sutures were brought through the central portion of the
muscle from beneath (long scleral tunnel suture
technique with midline suture, Figure 1f). After rectus
muscle resection, ophthalmic antibiotic ointment was
applied to the conjunctival sac. Three months after
surgery, we measured the degree of muscle slippage as
the distance between suture materials at the centre

of insertion and the pre-placement suture.

A Mann-Whitney U-test (SPSS 12.0 program for
Windows) was used for the statistical analysis.

Table1 Comparison of the degree of muscle slippage between
groups 1, 2, 3, and 4

Group1  Group 2  Group 3  Group 4

Muscle slippage
(Mean+SD, mm) 23+0.62 1.0+027 15+045 0.5+0.46
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Results

The mean degree of muscle slippage resulting from each
of the four suture techniques were shown in Table 1
(Figure 2). Group 1 showed significantly more muscle
slippage than groups 2—4 (P <0.05, Table 2). The degree
of slippage in group 3 was more significant than in group
4 (P=0.009). Group 4 showed the least slippage. The
differences between groups 2 and 3 and between groups
2 and 4 were not statistically significant (P> 0.05,

Table 2).

Discussion

One of the well-known complications of strabismus
surgery is slipped muscle and its repair is a highly
challenging problem.> The extraocular rectus muscle
most frequently slipped is medial rectus muscle and the
frequent incidence of slipped medial rectus muscle may
be due to the absence of intermuscular septum between
the medial rectus muscle and oblique muscles in the
sub-Tenon’s space, as pointed out by Plager and Parks.’
Chatzistefanou et al'® suggested that this is because of the

Figure 2 Photographs of muscle slippage after superior rectus muscle resection using double-arm mattress suture technique without
midline suture of rectus muscle (a, group 1), with midline suture of rectus muscle (b, group 2). Photographs of muscle slippage after
superior rectus muscle resection using long scleral tunnel suture technique without midline suture of rectus muscle (c, group 3), with
midline suture of rectus muscle (d, group 4). Note the degree of muscle slippage (arrow).
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Table 2 Comparison of P-value in the degree of muscle
slippage between Group 1, 2, 3 and 4 (Window SPSS 10.0
program, Mann-Whitney U/Wilcoxon rank sum test)

Group 1 Group 2 Group 3 Group 4
Group 1 — P =0.006 P =0.046 P=0.001
Group 2 — P=0.083 P=0.077
Group 3 — P =0.009
Group 4 _

short arc of contact of the medial rectus muscle. Neural
imaging is indispensable in locating the slipped muscle
before attempts to retrieve and reattach it'' but
Chatzistefanou et al'® reported that diagnostic imaging
studies, including computerized tomography and
magnetic resonance imaging may fail to differentiate
accurately between empty connective tissue and
muscle-tendon complex.

A slipped muscle should be suspected with any
patient presenting after strabismus surgery with mild to
moderate limitation of duction of the field of action of the
muscle, with an unexpected undercorrection or
overcorrection.®'*!* Differential intraocular pressure
measurement and clinical manoeuvres such as forced
ductions, active force generation tests, and saccadic
velocity measurements support the diagnosis of large
slipped muscle.*'* However, small slippage of muscle
which is much more common, is unlikely to cause any of
the specific clinical characteristic features, and its
recognition is often missed. The ‘gold standard’ of
diagnosis is direct intraoperative inspection, but if a
muscle slippage is small, not suspected preoperatively,
an intraoperative search may not be carried out.®

The strength of an extraocular muscle’s reattachment
to the globe in the early post-operative period depends
on several factors. These include the location of the
pre-placement suture, suture imbrication in the muscle
or tendon,' suture tensile strength, adequacy of the
scleral pass, and the integrity of the knot.'® A study
conducted by Coats et al'® suggested that the location of
the pre-placement suture was another factor in muscle
slippage. They reported that suture slippage occurred at
a higher mean applied tension when sutures were placed
1.0mm from the insertion (688 g) than at 0.5 mm (420 g)
in resected human extraocular muscle preparations.
Christiansen et al'” investigated the role of suture
imbrication in the resulting tensile strength of the suture.
The rectus muscles of 18 pigs randomly underwent either
recession or resection using one of three imbrication
suture techniques. There were no statistically significant
differences in tensile strength between the three
techniques.

Muscle slippage according to scleral suture techniques @
S-M Yang et a/

567

Three months after surgery, in our investigation we
compared and analyzed the four treatment groups and
found that the long scleral tunnel suture technique
resulted in less muscle slippage than the mattress suture
technique, and that the addition of a midline suture also
decreased muscle slippage. Our study evaluated the
importance of the adequacy of the scleral pass for tensile
strength by direct observation of the degree of muscle
slippage according to the four scleral suture techniques
commonly used in strabismus surgery. Our data also
suggest that if strabismus surgery is performed by the
same technique using the same suture materials, the
inadequacy of scleral suture technique will be the single
most important factor causing muscle slippage.

The limitation of our study is the anatomical
differences in the fascial system between humans and
rabbits. Another limitation is that the use of prolene
rather than vicryl, which is the commonly used suture
material in modern strabismus surgery, may limit the
applicability of the findings to humans. However, we
believe that the correlation between the degree of suture
slippage and the scleral suture technique used is clearly
demonstrated in our study.

In conclusion, among various scleral suture techniques
in strabismus surgery, the long scleral tunnel suture
technique is more effective than the double-arm mattress
suture technique for the prevention of muscle slippage in
rectus muscle resection and the addition of a midline
suture further helps to prevent muscle slippage. We
believe that proper application of the scleral suture
techniques could prevent slipped muscle and improve
surgical outcome in strabismus surgery.
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