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Abstract

Objective: Extraocular muscles have complex development processes. The present study aimed

to analyze the presence of myosin, dystrophin, and collagen IV in the strabismus-affected extra-

ocular muscle.

Methods: This research was an observational case–control study. Myosin, dystrophin, and

collagen IV were detected by histological and immunohistochemical analyses of extraocular

muscle samples from concomitant strabismus patients and controls. A semi-quantitative grading

method and statistical analysis were used.

Results: In the strabismus-affected extraocular muscle, morphological analysis demonstrated

different-sized muscle fibers. Immature muscle fibers and an increased amount of connective

tissue were also noted. Strong positive correlations were identified between myosin and collagen

IV and between dystrophin and collagen IV.

Conclusions: The presence of newly formed muscle fibers, increased connective tissue, and

variable diameters of skeletal striated muscle fibers indicate the decreased quality of extraocular

muscles in strabismus cases. Reduced levels of myosin and dystrophin and a near absence of

collagen IV in strabismus-affected skeletal striated muscle fibers characterized the muscular

dystrophy of strabismus. Adjuvant therapy aimed at normalizing the metabolism of these muscles

may be appropriate alongside concomitant strabismus treatment.
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Introduction

Strabismus, also known as squint, is a
visual condition characterized by the mis-
alignment of the visual axes.1 This condi-
tion commonly manifests in childhood but
can occur at any stage in life, and is one of
the most prevalent eye disorders in children
and teenagers. Strabismus can lead to phys-
ical discomfort and malfunction in binocu-
lar vision, potentially impacting the overall
quality of life.2,3 Despite numerous theories
concerning its origins, the precise etiology
of strabismus remains elusive.

Strabismus can be classified as concom-
itant or noncomitant. In the case of
concomitant strabismus, the size of the
deviation between eyes does not vary with
the direction of gaze. Conversely, noncomi-
tant strabismus is usually the result of a
limitation in eye movement that is associat-
ed with a paralytic or mechanical etiology.4

Surgical treatment is believed to improve
the quality of life of patients with some
types of strabismus,5,6 but does not achieve
a long-lasting effect in all cases, similar to
other therapeutic measures.7,8 The develop-
ment of new methods to treat strabismus
thus remains an urgent need.9 To clarify
the extent to which it may be worthwhile
to develop additional methods of strabis-
mus treatment aimed at improving the
metabolism of the external muscles of
the eyeball, we conducted morphological
studies of the state of these muscles in indi-
viduals suffering from concomitant (con-
genital) strabismus.

The six extraocular muscles consist of
skeletal striated muscle fibers that are
evenly spaced, uniform in size, and

separated by connective tissue; they enable

the coordinated movement of the eyes.

Pathological changes in extraocular muscles,

including disarrangement, degeneration, and

atrophy of skeletal striated muscle fibers,

have been reported. Moreover, immature

skeletal striated muscle fibers, indicating

regeneration, have been observed along

with inflammatory cell infiltration, loss of

striation, and excessive extracellular matrix

among these muscle fibers.10,11 Distinct

thicknesses, internalized nuclei, and abnor-

mal alignments of skeletal striated muscle

fibers have been identified in extraocular

muscles affected by strabismus. These path-

ological alterations are exacerbated by age

and chronic strabismus.12 Increased myo-

fiber size and a decreased number of satellite

cells have also been noted in patients with

intermittent exotropia.13

Protein filaments such as myosin and

dystrophin can serve as indicators of the

quality of skeletal striated muscle fibers.

Myosin is a cytoskeletal motor protein

that has 12 classes; it plays a vital role in

muscle tissue contraction and movement

alongside actin filaments.14 Myosin partic-

ipates in a variety of cellular activities,

including cell adhesion and signaling, intra-

cellular transport, formation of membrane

protrusions, and cell migration; a wide

range of diseases are therefore associated

with myosin defects.15 Dystrophin is associ-

ated with the sarcolemma in skeletal striat-

ed muscle tissue, and is part of a protein

complex that spans the membrane and con-

nects the cytoskeleton to the basement

membrane. By interacting with various inte-

gral membrane proteins, dystrophin
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stabilizes the sarcolemma and participates
in the transmembrane signaling com-
plex.15,16 Given these roles, it is conceivable
that changes in myosin or dystrophin may
be involved in the etiology of strabismus.

Collagen IV is an essential component of
the basal membrane surrounding and sup-
porting skeletal striated muscle fibers, and
is made up of six proteins encoded by six
distinct genes. Collagen IV maintains basal
membrane integrity, cellular organization,
and filtration functions.17,18 A deficiency
in collagen IV in mouse embryos leads to
altered basement membrane structures,
highlighting its crucial role in maintaining
the stability of the basement membrane.19

Alterations in collagen IV synthesis and
degradation in skeletal striated muscle
tissue have been observed during immobili-
zation.20 Collagen IV may therefore serve
as a tool for evaluating potential changes
in the basement membrane.

Given the limited number of existing
studies on this subject, the objective of the
current study was to investigate the distri-
bution and appearance of myosin, dystro-
phin, and collagen IV in extraocular muscle
tissue from patients with strabismus com-
pared with control tissue. The novelty of
the research presented herein lies primarily
in its pioneering approach to understand the
underpinnings of strabismus, a common eye
condition. Notably, the research brings into
focus the role of key proteins—myosin, dys-
trophin, and collagen IV—that contribute to
the structure and functioning of muscle
fibers. These proteins have been studied pre-
viously in the context of their role in muscle
tissue, but their potential involvement in
strabismus is a novel concept.

In the present study, we also introduce
the idea that strabismus may result from a
primary extraocular muscle abnormality,
thus challenging the traditional belief that
strabismus is largely a secondary manifesta-
tion of other ocular conditions. This novel
perspective may redefine our understanding

of and approaches toward the diagnosis
and treatment of strabismus.

In summary, the novelty of the present
study lies in its unique approach, the impor-
tant findings on the role of muscle fiber
proteins in strabismus, and its forward-
thinking ideas for future research in the
field. The findings presented will contribute
to the evolution of our understanding and
management of strabismus.

Methods

We conducted an observational case–control
study in accordance with the Declaration of
Helsinki. The study was approved by the
Ethical Committee of R�ıga Stradiņ�s
University on 19 October 2021 (no. 22-2/
465/2021). Written informed consent was
obtained from all subjects involved in the
study. All patient information was encrypted
and cannot be identified without the key.
The reporting of this study conforms to
STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology)
guidelines.21

We collected extraocular muscle samples
from concomitant (congenital) strabismus
patients. Exclusion criteria encompassed
strabismus resulting from other causes and
existing conditions affecting the eye or
orbital structures. The control group com-
prised extraocular muscle samples that were
acquired post-mortem from autopsy cases.
These cases were all individuals who had
passed away as the result of accidents and
who had no recorded systemic or eye dis-
eases in their medical history.

All tissue used in the present study was
obtained at around the same time, and all
samples underwent identical staining, fixa-
tion, and embedding procedures to main-
tain consistency. The assembled material
for this research was collected under the
stewardship of the Institute of Anatomy
and Anthropology at R�ıga Stradiņ�s
University.
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All biopsy samples were fixed with 2%

formaldehyde and 0.2% picric acid in 0.1M

phosphate buffer (pH 7.2) for 24 hours.

After fixation, the samples were rinsed in

Tyrode’s buffer for 12 hours before being

embedded in paraffin. Subsequently, 4-mm
sections were cut and stained with hematox-

ylin and eosin for routine morphological

structure evaluation.

Immunohistochemical analysis

The biotin–streptavidin biochemical method

was used for the detection of myosin

(ab7784, diluted 1:150; Abcam, Cambridge,

UK), dystrophin (ab15277, diluted 1:100;

Abcam), and collagen IV (520369A, diluted

1:30; Invitrogen Corp., Carlsbad, CA,

USA). Immunoreactive structures were eval-

uated in skeletal striated muscle tissue in 10

random visual fields at 400� (ocular 10�,

objective 40�). Each evaluation was con-

ducted by two researchers to avoid subjec-

tivity. Median values were used for further

data analysis. The stained slides were exam-

ined under a light microscope (Leica

DC300F; Leica Biosystems, Richmond,

VA, USA). For image processing, visual

illustration, and analysis, Image-Pro Plus

software (Media Cybernetics, Inc.,

Rockville, MD, USA) was used.

Quantification of immunoreactive cells

A semiquantitative grading method was

used to evaluate the appearance and distri-

bution of the immunoreactive structures of

myosin, dystrophin, and collagen IV. The

semiquantitative grading method used the

following labels: 0, negative staining (0%);

0/þ, occasional positive structures (12.5%);

þ, few positive structures (25%); þ/þþ,

few to moderate number of positive struc-

tures (37.5%); þþ, moderate number of

positive structures (50%); þþ/þþþ, mod-

erate to numerous positive structures

(62.5%); þþþ, numerous positive

structures (75%); þþþ/þþþþ, numerous
to abundant positive structures (87.5%);
and þþþþ, an abundance of positive
structures (up to 100%) in the visual field.22

Statistical analysis

IBM SPSS Statistics for Windows, version
27.0 (IBM Corp., Armonk, NY, USA) was
used to perform all statistical analyses of
the data. The results from the semiquantita-
tive grading method were transformed into
SPSS as follows: negative staining, 0; occa-
sional stained structures, 0.5; few stained
structures, 1.0; few to moderate number of
stained structures, 1.5; moderate number of
stained structures, 2.0; moderate to numer-
ous stained structures, 2.5; numerous stained
structures, 3.0; numerous to abundant
stained structures, 3.5; and abundant stained
structures, 4.0.

Nonparametric statistical methods were
used to statistically analyze the data. The
Mann–Whitney U test was applied to deter-
mine significant differences between the
patient and control groups.23 To detect cor-
relations between different factors in the
patient group, Spearman’s rank correlation
coefficient rs (Spearman’s rho) was calcu-
lated.24 The correlation coefficient (rs) was
interpreted as follows: 0.80 to 1.00, very
high; 0.60 to 0.79, high; 0.40 to 0.59, mod-
erate; 0.20 to 0.39, low; and <0.2, very low
correlation. For all tests, p� 0.05 was con-
sidered significant.

Results

The patient group comprised extraocular
muscle samples from 10 concomitant stra-
bismus patients (six male and four female)
ranging in age from 7 to 60 years. Of these
samples, seven were procured from the
rectus medialis muscle and three from the
rectus lateralis muscle. The control group
comprised extraocular muscle samples
from five autopsy cases (two men and

4 Journal of International Medical Research



three women) aged between 30 and 57 years.

Two samples were from the rectus medialis

muscle and three were from the rectus later-

alis muscle.
The morphological analysis of the

strabismus-affected extraocular muscles dem-

onstrated different-sized skeletal striated

muscle fibers with various diameters. Newly

formed (i.e., immature) skeletal striated

muscle fibers and an increased amount of con-

nective tissue were also noted (Figure 1a, b).
Structures immunoreactive for myosin,

dystrophin, and collagen IV were observed

in all tissue samples. On closer examination,

differences between the patient and control

groups were revealed. The median values of

myosin, dystrophin, and collagen IV all

showed a higher number of positive struc-

tures in controls than in patients.

Furthermore, relatively small fluctuations

were observed between myosin-, dystro-

phin-, and collagen IV-immunoreactive

structures in both the patient and control

groups (Table 1).
There was a moderate number of

myosin-positive skeletal striated muscle

fibers in the patient group. However, some

samples presented a few to a moderate

number of myosin-immunoreactive struc-

tures. In the control group, there were

more myosin-positive muscle fibers than in

the patient group; these had a very stable

appearance, with moderate to numerous

positive muscle fibers (Table 1, Figure 2a, b).
There was a few to a moderate number

of dystrophin-immunoreactive structures in

the muscle fibers of the patient group.

However, four patient samples had a mod-

erate number of dystrophin-positive skele-

tal striated muscle fibers. In the control

group, the median value for dystrophin

was similar to the median value for

myosin (Table 1, Figure 2c, d).
Collagen IV-immunoreactive structures

were almost absent in strabismus-affected

extraocular muscles; they were occasionally

noted in the sarcolemma of skeletal striated

muscle fibers. In one patient sample only, a

few collagen IV-positive structures were

detected. By contrast, the control group

had a stable expression of a moderate

number of myosin-positive structures

(Table 1, Figure 2e, f).
The Mann–Whitney U test revealed sig-

nificant differences between the patient and

control groups in the following proteins:

Figure 1. Hematoxylin and eosin staining of control and strabismus-affected muscle tissue (250� magni-
fication). (a) Unaltered skeletal striated muscle fibers were observed in the control group and (b) There
were skeletal striated muscle fibers of variable diameter and increased amounts of connective tissue in
strabismus-affected extraocular muscle tissue.
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myosin (Mann–Whitney U¼ 7.0; Z-score¼
�2.510; p¼ 0.028), dystrophin (Mann–

Whitney U¼ 4.0; Z-score¼�2.761;

p¼ 0.008), and collagen IV (Mann–Whitney

U¼ 0; Z-score¼�3.494; p¼ 0.001).

Moreover, in the patient group, two high pos-

itive correlations were detected: between

myosin and collagen IV (rs¼ 0.640;

p¼ 0.010) and between dystrophin and colla-

gen IV (rs¼ 0.748; p¼ 0.001).

Discussion

In the present study, we observed altera-

tions in the extraocular muscles as well

as changes in the expression of myosin,

dystrophin, and collagen IV that were con-

sistent across all patients. To assess the

potential roles of myosin, dystrophin, and

collagen IV in the development of strabis-

mus, comparisons were then drawn between

the patient and control groups in terms of

immunoreactive structures. All investigated

markers were significantly lower in the

patient group than in the control group

(p< 0.05), indicating the presence of a

greater number of positive structures in

the control group.
We postulate that the presence of abun-

dant connective tissue, differing diameters

of skeletal striated muscle fibers, and

newly formed muscle fibers are nonspecific

changes in extraocular muscle tissues affect-

ed by strabismus; they potentially result

from typical muscle alterations caused by

irritation, a common muscular response to

various stimuli.25 In the patient group,

we observed strong positive correlations

between myosin and collagen IV, and

between dystrophin and collagen IV. These

findings, along with the reduced quality and

number of structures positive for myosin,

dystrophin, and collagen IV within skeletal

striated muscle fibers in strabismus-affected

extraocular muscles, hint at serious tissue

damage associated with the disease. The

observed changes were not dependent on

age or the specific extraocular muscle affect-

ed by strabismus.
Contraction speed and fatigue resistance

are crucial to the functional characteristics

of muscle tissue, and other studies have

linked these properties to muscle fiber

structure.26,27 Myosin influences muscle

fiber contraction speed and is crucial for

muscle tissue contraction functions, its

role within the sarcomere, and its interac-

tion with other filaments.28,29 The diverse

cellular activities of myosin thus underscore

its importance beyond contraction, to the

physiological functionality and sustainabil-

ity of skeletal striated muscle tissue.14,30

Table 1. Median values of the semiquantitative
evaluation of myosin-, dystrophin-, and collagen
IV-positive structures in the patient and control
groups.

Participant

Code Myosin Dystrophin Collagen IV

P1 þ/þþ þ/þþ 0/þ
P2 þþ þ/þþ 0/þ
P3 þþ þþ 0/þ
P4 þþ þ/þþ 0/þ
P5 þþ þþ 0/þ
P6 þþ þ/þþ 0/þ
P7 þþ þþ þ
P8 þþ þ/þþ 0/þ
P9 þ/þþ þ/þþ 0/þ
P10 þ/þþ þþ 0/þ
Median (P) þþ þ/þþ 0/þ
C1 þþ/þþþ þþ/þþþ þ/þþ
C2 þþ/þþþ þþ þþ
C3 þþ þþ/þþþ þþ
C4 þþ þþ/þþþ þþ
C5 þþ/þþþ þþ þþ
Median (C) þþ/þþþ þþ/þþþ þþ
C1–C5, median value in each control sample; Median (C),

median value in the control group sample; Median (P),

median value in the patient group sample; P1–P10, median

value in each patient sample; 0/þ, occasional positive

structures; þ, a few positive structures; þ/þþ, a few to a

moderate number of positive structures; þþ, a moderate

number of positive structures; þþ/þþþ, a moderate

number to numerous positive structures.
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Figure 2. Immunoreactive structures in control and strabismus-affected muscle tissue (250� magnifica-
tion). (a) There was a moderate number (þþ) of myosin-positive skeletal striated muscle fibers in the
control group. (b) There was a moderate number (þþ) of myosin-positive skeletal striated muscle fibers in
strabismus-affected extraocular muscle. (c) There was a moderate to numerous number (þþ/þþþ) of
dystrophin-positive skeletal striated muscle fibers in the control group. (d) There were a few to a moderate
number (þ/þþ) of dystrophin-positive skeletal striated muscle fibers in strabismus-affected extraocular
muscle. (e) There was a moderate number (þþ) of collagen IV-positive sarcolemma in skeletal striated
muscle fibers of the control group and (f) There were only occasional (0/þ) collagen IV-positive sarcolemma
(arrow) in skeletal striated muscle fibers of strabismus-affected extraocular muscle tissue.
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Dystrophin is another critical compo-
nent of muscle fiber functionality; it is
linked to the subsarcolemmal cytoskeleton
and various extracellular matrix proteins.
Dystrophin is a major component of the
dystrophin protein complex, interacting
with various signaling proteins. This com-
plex is vital for stabilizing the plasma mem-
brane in skeletal striated muscle tissue.31

Although the functions of dystrophin are
not yet fully defined, studies have suggested
that its absence can lead to membrane
damage and the disruption of skeletal stri-
ated muscle signaling cascades.15,16,32 These
findings are supported by the strong corre-
lations that we noted in the patient group
between myosin and collagen IV, and
between dystrophin and collagen IV.

An important finding in the present
study was the significant decrease in dystro-
phin expression in strabismus-affected
extraocular muscle tissue compared with
that of healthy controls. This reduction
was not dependent on the age of the
patients nor the side of the extraocular
muscle affected by strabismus, thus
highlighting the role of dystrophin deficien-
cy as a potential causative or contributory
factor in the development of strabismus.
Also intriguing was the observation of a
strong correlation between the expression
of dystrophin and collagen IV, which is
another vital protein for muscle tissue
maintenance. This finding indicates a
potential interconnected dysfunction or
dysregulation in the expression of these
proteins in strabismus-affected tissues.
However, our findings also suggest that,
although dystrophin has an essential role
in maintaining muscle integrity, its exact
function—and the ramifications of its
decreased expression in strabismus—are
not yet fully understood. Further research
is needed to better understand the complex-
ities of the function of dystrophin and its
role in strabismus pathogenesis. It should
also be noted that our results were based

on the examination of the C-terminus
domain of dystrophin only; the conclusions
may therefore not present a complete picture
of the role of dystrophin in the pathogenesis
of strabismus. A more comprehensive under-
standing may be achieved by also examining
the N-terminus and rod-domain of dystro-
phin. Nonetheless, our study suggests a
potential role of dystrophin expression
changes in strabismus, although the com-
plexity of dystrophin’s function and its inter-
action with other proteins necessitates more
detailed studies to fully elucidate its involve-
ment in this common eye disorder.

Although the theory that strabismus
results from primary extraocular muscle
abnormalities is not yet universally accepted,
our data indicate a significant decrease in
myosin and dystrophin within strabismus-
affected extraocular muscle tissue. We also
observed altered muscle tissue morphology
in the patient group during routine histolog-
ical analyses. Combined with the decreased
myosin- and dystrophin-immunoreactive
structures within patient tissue, these find-
ings suggest that muscular dystrophy is char-
acteristic of persistent strabismus.

Collagen IV is a major basement mem-
brane component that is essential for main-
taining the plasma membrane integrity of
skeletal striated muscle tissue. Collagen IV
enhances the stability of the basement mem-
brane and maintains its structural integri-
ty.33,34 Notably, among all of the markers
that we examined, collagen IV had the
fewest immunoreactive structures in tissue
from patients. This finding suggests that a
decrease in collagen IV-positive sarcolem-
ma in the patient group indicates damage
to skeletal striated muscle fibers. This con-
clusion is also supported by the strong cor-
relations in the patient group between
myosin and collagen IV, and between dys-
trophin and collagen IV.

The present study is not without limita-
tions. The investigation of skeletal striated
muscle fiber quality-related proteins and
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the main components of sarcolemma

in strabismus-affected extraocular muscle

tissue remains a relatively unexplored

area. Future studies should use additional

methods, such as in situ hybridization and

enzyme-linked immunosorbent assays, to

assess strabismus pathogenesis from multi-

ple perspectives, including gene/gene–

protein involvement and the quantification

of tissue factor concentration changes. An

expansion of the research cohort, to include

both children and adults affected by strabis-

mus, is also planned. Future research

should also explore tissue remodeling and

angiogenetic factors in strabismus-affected

skeletal striated muscle fibers using

immunocytochemistry.
In conclusion, the presence of newly

formed skeletal striated muscle fibers, an

increased amount of connective tissue, and

variable diameters of skeletal striated

muscle fibers in the present study indicate

the decreased quality of strabismus-affected

extraocular muscles. The diminished

myosin and dystrophin in strabismus-

affected skeletal striated muscle fibers, and

the near absence of collagen IV, character-

ize the muscular dystrophy that occurs in

strabismus. Our findings also demonstrated

strong correlations between skeletal striated

muscle fiber quality-related proteins and

the main component of sarcolemma (i.e.,

collagen IV). The present detection of

morphological changes in the muscles of

the eyeball—the function of which is

weakened in patients with strabismus—

indicates that adjuvant therapy aimed at

normalizing the metabolism of these

muscles may be appropriate in combination

with conjugate strabismus treatment in the

future.
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