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ABSTRACT

Background: Inferior oblique muscle overaction is a common disorder
that has a correlation with the anatomical changes of the muscle itself.
The changes differ according to the grade of the overaction.

Obijective: To correlate between the histopathological alternations of
the inferior oblique muscle and the different degrees of clinical
overaction.

Patients and methods: Ten biopsies from inferior oblique muscles
were taken during the surgery of strabismus after determining the
clinical degree of the overaction. One muscle biopsy was taken during
enucleation surgery and considered as a control. All biopsies were
examined by light and transmission electron microscopes.

Results: By light microscopy, grade Il and grade Il inferior oblique
overaction showed many histopathological findings as muscle fibers
degeneration, variable size of muscle fibers, nerve bundles hypertrophy
and fibro-fatty infiltrations. Grade IIl inferior oblique overaction
showed fibrosis of perimysium and endomysium, mononuclear
infiltration and fatty infiltration. By transmission electron microscopy
the muscle fibers showed increased mitochondrial number and
mitochondrial variability in shape and size, also showed increased
vacuoles and fat droplets.

Conclusion: Histopathological alternations in the inferior oblique
muscle correlate to the clinical grades of the muscle overaction.

Keywords: Inferior oblique; Overaction; Histopathological; Electron
microscope.
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INTRODUCTION

Inferior oblique muscle (10) differs in its anatomical
structure from other extraocular muscles (EOM), this
made many researchers to find out the correlation
between the muscle ultrastructural changes and the
clinical effect on its action. The muscle arises from
anterior part of the orbital floor near to the margin
and inserts in the inferolateral quadrant of the sclera
posterior to equator and in-between lateral and
inferior rectus muscles.? Overaction of the 10 muscle
produces elevated eye in adduction position.®
Overaction of the 10 muscle can be divided into two
types; primary which is of unknown mechanism, and
secondary which occurs secondary to superior
oblique muscle affection.*

As regard the clinical appearance of the 10
overaction, it can be classified into three grades I, 1l
and Ill. Grade | shows the 10 overaction with
extreme looking in up - in direction. Grade Il the
muscle overaction appears with the adduction. Grade
11l appears in normal primary gaze.® The surgical

method of taking the 10 muscle biopsy is a routine
step in the surgery itself.5 The EOMs are surrounded
by epimysium. Perimysium surrounds the muscle cell
fiber. Endomysium surrounds the muscle cell.
Sacrolemma is the muscle cell plasma membrane and
sacroplasm is the muscle cytoplasm. The sarcoplasm
is composed of myofibers, peripherally located
nuclei and other organelles.” EOMs are composed
two types of muscle fibers, the first one is
Fibrillenstruktur or fast - twitch fibers and it’s
responsible for the fast movements of the eye. The
second type is Felderstruktur and is responsible for
slow muscle movements.® Both types can be
evaluated by electron microscopy. Examination by
the light microscope reveals pale staining of fast -
twitch fibers with regular spacing between myofibers
while dense staining appears in the slow - twitch
fibers with irregular spacing inbetween.® The current
study aimed to correlate  between the
histopathological findings and electron microscopic
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structures of the 10 muscle and the clinical effect on
its action as regard the grades of the muscle
overaction.

PATIENTS AND METHODS

The 10 muscle samples involved in this study are ten
muscles. The muscle samples collected during the
routine 10 myectomy surgery from six patients (eight
biopsies from four patients and two biopsies from
two patients). Every case was evaluated and
examined prior to the surgery to determine the grade
of overaction in Alex | care Ophthalmology center,
Alexandria, Egypt. The muscle biopsies were
categorized under two Grades, grade Il and grade I1I.
Grade | is not involved in the study as myectomy is
not a line of treatment in such grade. Abnormal 10
muscle biopsy was taken from a case of enucleation
for comparative purpose. The study was reviewed by
Al-Azhar university board and didn’t require
patient's prior acceptance.

Microscopic examination

All specimens were divided and cut into 1 mm?®
cubes. Some cubes were fixed in formaldehyde for
examination by the light microscope. Other cubes
were fixed in glutaraldehyde and routinely prepared
for examination by the electron microscope.
Semi-thin sections (1 pm) were cut and prepared by
the ultra-microtome then stained with hematoxylin
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and eosin (H&E) stain and with toluidine blue stain
to be examined under the light microscope.

Ultra-thin sections (70 nm) were stained by lead
citrate and uranyl acetate and examined by the
transmission electron microscope (JEM-1400Plus) at
the unit of Electron Microscopy at Faculty of
Science, Alexandria University.

RESULTS

The patients involved in the study ranged from 3 - 12
years old with the mean age 6.8 years and standard
deviation of 3.2. The total number of cases was six
(four females 66.7% and two males 33.3%.(

Histopathological changes

Grade Il

%600f the nerve bundles were hypertrophied. 60%
of the muscle fibers were degenerated. 20% of the
muscle fibers were splitted. The nuclei had large
vacuoles and many mitochondria.

Grade 111

There were increase in mitochondrial numbers. 10%
of the muscle fibers showed multiple lipid vacuoles
(fatty infiltration.(

Infiltration of the muscle fibers by mononuclear cells
noticed in 30% of samples. Endomysium and
perimysium were fibrosed in 30% of samples.

Fig. 1: Haematoxylin and eosin (H&E) photomicrographs: Photos show variable sizes of muscle fibers (1)
Muscle fibers are hypercontracted (black arrow) (2) Regenerating muscle fibers with vesicular nucleus (black
arrow) (3) Hypertrophied nerve fiber (green arrow), split muscle fiber (blue arrow) (4) congested blood vessel

(black arrow).
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To be noted: (1) & (4) X200, (2) & (3) X400. Photomicrographs (1) & (4) belonged to grade Il while (2) & (3)
belonged to grade I11.

g

Fig. 2: Toluidine blue photomicrographs: photos show variable sizes of muscle fibers (1) mild mononuclear
cellular infiltration (black arrows) (2) cytoplasmic vacuoles (red arrow), inclusion bodies (black arrows) (3)
hypertrophied nerve fiber (black arrow) (4) hypercontracted muscle fibers (black arrow) mild endomysial fibrosis
*)-

To be noted Toluidine blue X 400. Photomicrographs (1) belonged to grade Il while (2), (3) & (4) belonged to
grade Il1.

Electron microscopic results

The mitochondria showed mild pleomorphism. Mitochondria accumulated in the subsarcolemmal area and were
found to be scattered between myofilaments. Mitochondrial degeneration with vacuolations presented in many
samples. Muscle fibers were vacuolated and hypercontracted. Large nucleus and prominent nucleolus were found
in many samples.
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Fig. 3: Electron microscopic photomicrographs: Photos show (1) focally disorganized sarcomere (red arrow),
loss of Z-bands (yellow arrows), markedly swollen mitochondria with loss of cristae (green arrow) (2) scattered
large vacuoles (red arrow) (3) variable sized markedly swollen mitochondria with marked loss of cristae (yellow

arrows) (4) pyknotic peripherally located nucleus (N).

To be noted photomicrographs (1), (2) & (4) belonged to grade Il while (3) belonged to grade I11.

DISCUSSION

Ten muscle biopsies were included in this study,
obtained from six patients, four of them had a
bilateral muscle affection and two were unilaterally
affected. Six biopsies out often (60%) belonged to
grade 1l 10 overaction, and four biopsies out of ten
(40%) belonged to grade 111 10 overaction.

All muscle biopsies showed structural changes under
light and electron microscopes. As regard muscle
fibers, the examination revealed degenerated,
regenerating, hyper-contracted, and rounded fibers™.
Hamdi MM et al agreed with the current study in the
presence of subsarcolemmal inclusions of granular
fibrillar aggregates®.

Also, nuclei appeared large and vesicular. All of the
previous findings had been reported by Meyer E,
Ludatscher RM and Zonis S*.

Hamdi MM et al announced in their study the same
findings that agreed with the current study results. In
addition, Choi DG and Chang BL agreed with the
current study in prescience of muscle fiber variable
sizes.

Vacuoles, especially fat vacuoles, were noted in
soBme cases and this was agreed with Hamdi MM et
al’.

Magaudda L et al agreed with the current study that
the satellite cells activation is followed by
appearance of regenerating muscle fibers.*2

Hamdi MM et al reported that many of muscle fibers
had vacuoles and infiltration by mononuclear cells.
Mitochondrial aggregation and pleomorphism were
also reported especially in grade I11.%

CONCLUSION

This study confirmed the relationship between the
clinical grade of the 10 muscle overaction and the
alternated ultrastructure of the muscle.

Conflict of interest: The authors declared that there
are no conflicts of interest.
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