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ABSTRACT

Purpose: To evaluate the feasibility of autologous extraocular muscle
grafting asatypeof muscleexpansionsurgery. M ethods:. Theleft superior
rectus muscle of twenty-nine rabbits was resected and this fragment was
attached to the endpoint of the respective right superior rectus (test
group). Thereafter, the superior rectusof theleft eyewasreattachedto the
sclera(control group). Both groups were examined during different pos-
toperativeperiodsinorder to assesstheir outcomes. Results: Thepresence
of hyperemiawas slightly more frequent in the grafted group. Secretion
and muscle atrophy were negligiblein both groups. Fibrosis was greater
in grafted animals. These muscleswere weaker than the control muscles,
athoughtheforcerequiredto split muscular partswasawaysgreater than
the physiological one. Conclusions: Thissurgical techniqguewasreliable
and useful if oneintendsto achieve muscle expansionwithout theintrinsic
risks of dealing with heterologoug/artificial materials.

Keywords: Esotropia/surgery; Oculomotor muscles/transplantation; Transplantation, autolo-
gous, Ophthalmologic surgical procedures; Rabbits

INTRODUCTION

The surgical treatment of a squint could be defined as a rearrangement
of extraocular muscle sitesaiming to realign the eyes. Currently, it could be
achieved by recession-resection surgeries, which would equalize passive-
active force balance®.

According to Frank-Starling’ slaw for skeletal striated muscles, themore
stretched and stressed muscle fibers are, the greater will be their contrac-
tion forces, optimizing muscle work. Otherwise, a stretched muscle has a
better response to neurological stimuli®2.

What actually happens in recession surgical technique is quite the
contrary, once the muscle becomes slack. Thus, during a contraction, part
of itsforce will not be converted to mechanical energy (torque). Instead, it
will be lost, compensating the created slackness. That is the reason why
recession weakens a muscle®,

The limit to a recession is the equatorial plane or, in other words, the
point where the muscle, for the first time, touches the sclera (tangential
point), which is usually located 14 mm behind the limbus. Beyond this
point, besides muscle weakening, the procedure would also generate trans-
|ational movements added to the preexisting rotational one, damaging static
and dynamic muscle balance. Thus, regardless whether one could achieve
eyealignment in primary position, it would also create or enhanceincommi-
tancies in secondary and tertiary positions®?,
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Topical anesthesia and adjustable sutures offer to the
surgeon the chance of trying an exaggerated recession and, if
it does not fit well, to reduce it. Another way would be to
lengthen the muscle instead of doing an exaggerated reces-
sion. It could be done by hang-loose sutures (but it does not
really expand the muscle once its endpoint would attach to
sclera) or using synthetic lengtheners (and deal with the risks
of fibrosis and extrusion). To solve this problem the surgeon
could use human tissue, especially an autologous one®!?,

Recently, there have been some papers in Cardiology that
refer to the use of autologous tissue to restore damaged infarc-
ted cardiac muscle and their results are promising. In Ophthal-
mology there are three reports of autol ogous muscle transplan-
tation aiming at lengthening extraocular muscles. Only inone of
them no good results were achieved due to excessive fibrosis.
But all studies presented a small number of samples®+19,

This study aims to analyze the autol ogous transplantation
lengthening technique with a larger sample and using absor-
bable sutures (Vicryl® 6-0).

METHODS

Twenty-nine rabbitswere operated on. A fragment of 6.0 mm
wasresected from theleft superior rectus muscle (SR) and was
attached to the endpoint of the right SR. Thereafter, a resec-
tion procedure was performed at the left SR (control) and an
autologous transplantation surgery was performed on the
right SR (test).

During the postoperative (PO) follow-up, hyperemia and
secretion were assessed in all 29 rabbits. At the end, fifteen
animals were sacrificed on the 45" PO day and underwent
mechanical evaluation. The other fourteen remaining rabbits
were used for the anatomicopathological examination (4 ani-
mals on the 45" PO, 5 on the 60" PO and 5 on the 90" PO day).

After sacrifice, a Stevenson’ s hook was slid between mus-
cle and sclera in order to assess fibrosis and adhesions.

e Mechanical evaluation: first, the width of muscle (or
graft) belly was measured (mm) with a caliper and then, the
muscle (or graft) was grabbed with a Stevenson’s hook con-
nected to a dynamometer. The muscle/graft was stretched
until its disinsertion, rupture or globe luxation. Thereafter the
force required to induce any of these phenomenawas noted in
kilogram-force (kgf).

» Anatomicopathological evaluation: two sections were
made of each eye and they were stained with hematoxilin-
eosin and Masson’ s method to microscopically, analyze fibro-
sis in both groups.

RESULTS

The distribution of hyperemia and secretion was similar
between the groups without statistical significance. However
fibrosis, as expected, was greater in the test-group in which
there was amore intense tissue manipulation (only data of low
or intense fibrosiswere considered for comparison, the mode-
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rate was discharged). Microscopically analyzed fibrosis sho-
wed to be greater in the test-group (Tables 1 and 2).

The force of attachment of muscle (or graft) to the sclera
was greater in the control-group (Table 3) and there was no
correlation between the force required to detach/rupture the
muscle and its width, as shown by Spearman’s correlation.

« Control-group: p=0,07

* Test-group: p=0,43

Thisresult was al so expected once atrophy was not impor-
tant and the widths of muscle bellies were similar between the
groups (Table 4).

DISCUSSION

Once the same rabbit had one eye used as test and the
adelpho used as control, this protocol minimized individual
factors that could create bias in the analysis of variables.

Observing data on hyperemia and secretion, one can note
that both surgical techniques induced a similar inflammatory
reaction. Fibrosis, however, detected either macroscopically or
microscopically, was statistically greater in the test-group, due
to a more intense surgical trauma. Nevertheless, atrophy was
negligible in both groups, even on microscopic evaluation.

Table 1. Fibrosis (macroscopically)
Group Control Test
Fibrosis
Yes 0 5
No 19 14
Total 19 19
Table 2. Fibrosis (microscopically)
Fibrosis Control Test
Moderate 10 5
Intense 4 9
p=0,031* (McNemar's Test)

Table 3. Force (kgf) of attachment of muscle/graft to sclera

Group Control Test
Parameter
Distribution 0,600 to 1,338 0,531 to 1,045
Mean 0,949 0,755
p=0,008* (Wilcoxon’s Test)
Table 4. Muscle/graft width (mm)
Group Control Test
Parameter
Distribution 3,0t0 6,0 3,0t0 5,0
Mean 4,5 4,0
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One similar study reported total or almost the total change
to fibrosis in normal grafted muscle tissue to fibrosis as time
passes’”. This event, or at least a tendency to it, was not
noted in this research.

Regarding force of attachment to sclera, it was stronger
and statistically significant in the control-group. But it should
be pointed out that the force of traction supported by muscles
(control or test), just before they had been ruptured or deta-
ched from the sclera, was much greater than that commonly
used during physiological ocular rotations. Hence, clinically,
this “weakness’ of grafted muscles would not be significant
in human beings.

CONCLUSIONS

1- Postoperative outcome (hyperemia and secretion) was
similar in both groups even with more manipulation during
transplantation surgery.

2- Fibrosis, as expected, was more intensein test animals.

3- Transplantation technique did not trigger atrophy of
grafted muscles during afollow-up of 90 days.

4- Undoubtedly, the grafted fragment functioned asaleng-
thener.

5- Resistance to traction was weaker among test muscles,
however it wasclinically negligible.
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RESUMO

Objetivo: Avaliar aviabilidade do uso de segmentos de mis-
culos oculares extrinsecos como expansores de tendfes mus-
culares. M étodos: Vinte e nove coelhos tiveram seu misculo
reto superior esquerdo ressecado e o fragmento de cada um
foi transplantado para o reto superior contralateral (grupo-
teste). Entdo, o reto superior esquerdo foi reinserido na escle-
ra (grupo-controle). Os animais foram ent&o examinados em
diversos periodos pos-operatérios, até os seus sacrificios,
para que se avaliasse 0 desenrolar dessa técnica cirlrgica.
Resultados: A hiperemiafoi maior entre ostestes. A secre¢cdo
e a atrofia muscular foram minimas nos dois grupos. Houve
maior presenca de fibrose no grupo-teste, mas néo t&o expres-
sivaaponto de inviabilizar os efeitos da cirurgia. Esses mis-
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culos também se romperam mais facilmente do que os do
grupo-controle, porém, aforga de rompimento foi sempre bem
maior do que aquela presente nhuma contragdo muscular nor-
mal. Conclusdes: A técnica de transplante autélogo homot6-
pico de muscul os oculares extrinsecos provou ser confidvel e
eficaz, parao alongamento muscular.

Descritores. Esotropialcirurgia, MUsculos oculomotores/trans-
plante, Transplante aut6logo; Procedimentos cirdrgicos oftal-
mol égicos; Coelhos
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