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A B S T R A C T

Background: When investigating patients with a suspected neuromuscular disorder, a muscle biopsy is con-
sidered an instrumental tool to reach a definitive diagnosis. There is a paucity of publications that assess the
diagnostic utilization and yield of muscle biopsies. We intend to present our experience in this regard over an
extended period of more than three decades.
Methods: This is an observational retrospective cohort study in which we collected pathology reports for muscle
biopsies diagnosed at our reference lab between 1986 and 2017.
Results: We identified a total of 461 cases of muscle biopsy performed, which fulfilled the inclusion criteria.
Pediatric cases defined as≤14 years of age constituted a significant proportion of cases (n = 275, 60%). Normal
biopsies were reported in 27% of cases (n = 124), and in 4%, the biopsies were non-diagnostic. The most
common pathologies reported were non-specific myopathy (n = 72, 16%), dystrophy (n = 71, 15%), and
neurogenic disorders (n = 60, 13%).
Conclusion: In conclusion, the muscle biopsy will continue to play a crucial role, as a gold standard or as a
complementary investigation, in the diagnosis of certain neuromuscular disorders. Increasing the yield and
accuracy of muscle pathology should be the main concern and priority to neuropathologists reporting muscle
biopsies. In addition, utilizing next-generation sequencing and other molecular techniques have changed the
location of muscle biopsy in the algorithm of the diagnosis of neuromuscular disorders. This paper is an urgent
call to establish the Saudi Neuropathology Society and the muscle pathology and neuromuscular disorders
registry.

1. Introduction

The first muscle biopsy was taken by Duchenne in 1860 while in-
vestigating a patient with a suspected myopathy. It was not until a
century later when Victor Dubowitz in 1970 revolutionized the role of
muscle biopsy in the diagnosis of different muscle pathologies using
histochemical methods. This was followed a few years later by the in-
troduction of immunohistochemical methods for the diagnosis of var-
ious subtypes of dystrophies [1]. Over the past 20 years, spectacular
progress was made by the utilization of muscle biopsy with the use of
molecular methods. The number of muscle biopsies requested is rising
since the application of these new techniques. This goes in parallel with

the dramatic change in the treatment of neuromuscular disorders and
the discovery of promising genetic therapeutic approaches [2].

When investigating patients with a suspected neuromuscular dis-
order, a muscle biopsy is considered an instrumental tool to reach a
definitive diagnosis. This is especially correct if various morphological,
ultrastructural, and biochemical analyses were utilized [3]. Although
muscle biopsy is an invasive procedure, it is considered safe whether a
needle or open biopsy is used [4]. There is a paucity of publications that
assess the diagnostic utilization and yield of muscle biopsies. In addi-
tion, data from institutional studies focusing on biopsy-proven skeletal
muscular diseases from Arab countries is scarce. We intend to present
our experience in this regard over an extended period of more than
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three decades. This data may aid the diagnostic process in clinical
practice and prioritize therapeutics. In addition, we review the topic
and provide important practical information to the readers.

2. Methods

This is an observational retrospective cohort study in which we
collected pathology reports for muscle biopsies diagnosed at our re-
ference lab between 1986 and 2017. Our institution is a governmental
1501-bed tertiary care center with an advanced central laboratory
equipped with the necessary tools to process and analyze muscle
biopsies. In our institution, the open muscle technique is mostly used
under general anesthesia. A sample from the belly of the selected
moderately affected muscle is obtained and wrapped in a gauze that is
lightly moistened in saline. It is then delivered immediately in the fresh
state to the muscle lab to be handled by an experienced specially-
trained histotechnologist. Rapid freezing is performed to retain muscle
enzymatic activities for routine histochemical staining. After orienting
the muscle biopsy longitudinally, a cylindrical piece is cut out and
placed vertically in a hollowed-out space in Gum Tragacanth mounted
on a disposable cork pad. The specimen is plunged quickly and com-
pletely for 30 s into a small container of isopentane, which is placed in
another larger container of liquid nitrogen. The latter step allows the
temperature of the isopentane to drop to −160 °C that is necessary for
rapid freezing and avoiding freezing artifact. Then the biopsy is trans-
ferred to the cryostat for immediate transverse sectioning and pre-
paration of the unstained frozen section slides. Additionally, a tiny
fragment about one cubic millimeter is submitted in glutaraldehyde
fixative to be processed for electron microscopic examination. The re-
mainder of the muscle biopsy is routinely processed using formalin
fixation and paraffin embedding. The following panel of histochemical
stains is used: modified Gomori trichrome stain, Periodic Acid Schiff
(PAS), Oil red O, Congo red, non-specific esterase, NADH, SDH, COX,
myophosphorylase, and ATPases at pH 4.3, 4.6, and 9.4.

Non-probability consecutive sampling technique was used to collect
data from the archives of the anatomical pathology division. Essential
information from the full pathology reports was extracted to a data
collecting sheet including the following variables; age, gender, biopsy
site, diagnosis, and any relevant blood tests. The inclusion criteria were
Saudi patients, available full pathology reports, and in-house diagnosed
cases. Accordingly, cases of non-Saudi nationals or lacking detailed
pathology reports were excluded. In addition, muscle biopsies in which
the pathology is secondary to adjacent diseases or diagnosed outside
our institution were also excluded. This study is conducted under the
permission of the Institutional Review Board at King Abdullah
International Medical Research Center. The resultant data were ana-
lyzed using version 22 of the SPSS software. Descriptive statistics were
used for statistical analysis.

3. Results

We identified a total of 461 cases of muscle biopsy performed over a
period of 31 years (1986 to 2017), which fulfilled the inclusion criteria.
Male patients represented 52% of cases (n = 239) while female re-
presented 48% of cases (n = 222). Pediatric cases defined as≤14 years
of age constituted a significant proportion of cases (n = 275, 60%). The
most commonly biopsied site was thigh muscles (n = 309, 67%), and in
22% of cases, the site was unspecified (Table 1). Normal biopsies were
reported in 27% of cases (n = 124), and in 4%, the biopsies were non-
diagnostic (Fig. 1). The most common pathologies reported were non-
specific myopathy (n = 72, 16%), dystrophy (n = 71, 15%), and
neurogenic disorders (n = 60, 13%). The most common form of mus-
cular dystrophy reported was Duchene muscular dystrophy (n = 18,
25%) followed by limb-girdle muscular dystrophy, type 2B (dysferli-
nopathy) and merosin-deficient congenital muscular dystrophy both
equal in number (n = 7, 10%) (Table 2). In 39% (n = 28) of cases,

features were diagnostic of muscular dystrophy. However, no specific
subtype was given (muscular dystrophy not otherwise specified).
Among the neurogenic disorders category, denervation atrophy was the
most common pathology (n = 42) followed by spinal muscular atrophy
cases (n = 18). Inflammatory myopathy category comprised 7%
(n = 32) including 13 cases of inflammatory myopathy not otherwise
specified (n = 13), polymyositis (n = 12), dermatomyositis (n = 6),
and myositis secondary to systemic lupus erythematosus (n = 1)
(Table 3). Less common pathologies described in our patients' cohort
include cases with type l fibers predominance (n = 9), type II pre-
dominance (n = 8), and rare entities such as GNE myopathy (n = 1)
(Table 4). Congenital myopathy category included the following five
subcategories; centronuclear, congenital fiber-type disproportion, cen-
tral core, multi-mini core, and nemaline myopathies (Table 5). Meta-
bolic myopathy category included glycogen storage disease not other-
wise specified (n = 4), mitochondrial myopathy (n = 2), glycogen
storage disease type II (acid maltase deficiency) (n = 1) and lipid
storage myopathy (n = 1) (Table 6). Finally, the non-diagnostic in-
cluded 13 unsatisfactory muscle biopsies due to various pre-analytical
reasons and 6 end-stage muscle diseases defying further classification.
Histologic illustrations of some muscle pathologies are shown in Fig. 2.

4. Discussion

Skeletal muscular diseases can be a source of significant morbidity
and mortality with significant impairment of the quality of life and
sometimes may lead to death. The overall incidence is ranging from
0.07 to 26.5 per 100,000 per year. They are broadly classified as either
acquired (e.g. endocrine myopathies, inflammatory myopathies, drug-
induced myopathies, and toxic myopathies) or inherited (e.g. con-
genital myopathies, metabolic myopathies, muscular dystrophies, and
channelopathies). Myopathies can affect any part of the skeletal mus-
cles including the channel, structure, or metabolism of skeletal muscles.
They can be distinguished from other neuromuscular disorders by
characteristic clinical and laboratory features. In certain myopathies,
the role of muscle biopsy on the diagnosis remains irreplaceable. This is
especially true if there is an agreement between clinical data, bio-
chemical data, neurophysiology, and muscle biopsy [5]. Ahlstrom et al.
[6] found that the combined prevalence rate for myotonic disorders,
muscular dystrophies, and myositis is 50 per 100,000 population even
though in their study, they included only patients below the age of
19 years. In a regional study by El-tallawy et al. [7], they identified a
76.6 per 100,000 point prevalence of primary muscular diseases in
Assiut city of Egypt. Among the different categories of primary muscle
diseases, Deenen et al. [8] identified dystrophies as the most common
one with myotonic dystrophy, limb-girdle muscular dystrophy, and
facioscapulohumeral dystrophy being the top three, respectively. In the
same study, inclusion body myositis ranked the first within the

Table 1
Frequency of muscle biopsies based on site.

Biopsy sites Frequency Percent

Unspecified site 101 22
Thigh muscle (not otherwise specified) 309 67
Gastrocnemius muscle 14 3
Deltoid muscle 20 4
Gluteus muscle 1 0.2
Neck muscle (not otherwise specified) 1 0.2
Triceps muscle 6 1
Hip muscle (not otherwise specified) 2 0.4
Back muscle (not otherwise specified) 1 0.2
Biceps muscle 2 0.4
Cheek muscle (not otherwise specified) 1 0.2
Upper limb (not otherwise specified) 1 0.2
Thoracic muscle 1 0.2
Gastrocnemius muscle and thigh muscle 1 0.2

A.H. Alassiri, et al. Annals of Diagnostic Pathology 47 (2020) 151532

2



inflammatory category. In a local study by Salih et al. [9], they found
that 48% of their cases belonged to different forms of muscular dys-
trophies and hence considered the most common category in their co-
hort of pediatric neuromuscular patients.

Neuromuscular diseases are considered infrequent with a pre-
valence ranging between 1 and 10 cases per 100,000 of the population
[10]. Although this descriptive study does not allow for recognition of
incidence and prevalence of the spectrum of neuromuscular patholo-
gies, it serves as a tool for raising awareness and helping the specialist
to recognize the yield of muscle biopsies in neuromuscular disorders.
The spectrum of neuromuscular diseases may vary from one country to

Fig. 1. Pie chart showing the frequency of different categories of muscle biopsy findings.

Table 2
Subcategories of muscle dystrophies.

Dystrophy type Frequency Percent

Limb-girdle muscular dystrophy, type 2B (dysferlinopathy) 7 10
Congenital muscular dystrophy, not otherwise specified 2 3
Congenital muscular dystrophy (Walker Warburg

syndrome)
1 1

Duchenne muscular dystrophy 18 25
Limb-girdle muscular dystrophy type 2C (gamma

sarcoglycanopathy)
1 1

Limb-girdle muscular dystrophy, type 2D (alpha
sarcoglycanopathy)

3 4

Merosin-deficient congenital muscular dystrophy 7 10
Merosin-positive congenital muscular dystrophy 4 6
Muscular dystrophy, not otherwise specified 28 39

Table 3
Inflammatory myopathy subcategories.

Muscle pathology (inflammatory myopathy subcategories) Frequency Percent

Dermatomyositis 6 19
Inflammatory myopathy, not otherwise specified 13 41
Myositis secondary to SLE 1 3
Polymyositis 12 37

Table 4
Other uncommon muscle pathology findings.

Muscle pathology (others' subcategories) Frequency Percent

Changes related to steroid treatment 2 5
Congenital myopathy, not otherwise specified 1 3
Destructive myopathy 1 3
Fatty infiltration and atrophic changes 1 3
Lymphocytic vasculitis associated with myopathic changes 1 3
Minimal myopathic changes with focal collection of

macrophages
1 3

Necrotizing myopathy 2 5
Type I fibers predominance 9 23
Brucellosis-related myositis 1 3
Hereditary inclusion body myopathy (GNE myopathy) 1 3
Vacuolar myopathy 1 3
Type II fibers predominance 8 20
Amyloid myopathy 1 3
Atrophic changes 1 3
Critical care myopathy 2 5
Marked muscular atrophy 1 3
Mitochondrial myopathy 1 3
Glycosylation type 2L 1 3
Myopathy with abnormal mitochondria 1 3
Non-specific changes 1 3
Pre-pathological spinal muscular atrophy 1 3

Table 5
Congenital myopathies.

Muscle pathology (congenital subcategories) Frequency Percent

Central core myopathy 2 17
Centronuclear myopathy 6 50
Congenital fiber type disproportion 2 17
Multi-minicore myopathy 1 8
Nemaline myopathy 1 8
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another and from one time to another in the same country. This dif-
ference can be explained by the availability of specialized tertiary care
hospitals, different methods and sources to obtain data, and the pre-
sence of different genetic neuromuscular diseases in certain regions. In
addition, differences between the results of studies done in the same
area on different time setting may reflect an improvement of diagnosing
possibilities and increased accuracy of diagnosis. In our study, 20% of
pathologies were related to hereditary conditions. There is evidence
from the literature that consanguinity is associated with higher rates of
neuromuscular diseases. Although this study was not meant to de-
termine the exact prevalence of consanguinity, it is likely to be a major
risk factor. In a study done by Warsy et al. [11], the rate of con-
sanguinity in Saudi Arabia is high ranging from 25 to 65%.

Muscle biopsy is a minimally invasive procedure that is well-toler-
ated. Although it is part of the paraclinical workup for patients with
neuromuscular diseases, it is considered the last investigation to be
utilized after detailed clinical examination, laboratory testing, neuro-
physiological assessment, and molecular studies. Due to recent ad-
vances in molecular techniques and serological markers over the past
two decades, the utilization of muscle biopsy for the diagnosis of neu-
romuscular disorders has decreased. In addition, the diagnostic strategy
of the management of several neuromuscular disorders has been mod-
ified, and the applicability of muscle biopsy in the diagnostic algorithm
has been changed [12]. When performing muscle biopsy, the clinician
can determine if the muscle is abnormal with specific histopathological
features, abnormal with non-specific histopathological features, and
completely normal muscle tissues [3]. Unfortunately, a normal biopsy
does not exclude the presence of a neuromuscular disorder. In our
study, 47% of the muscle biopsies were inconclusive (27% of normal
biopsies, 16% of non-specific myopathy, and 4% of non-diagnostic
because of either the muscle biopsies were unsatisfactory or because of
end-stage muscle disease). Detailed clinical examination and per-
forming multiple paraclinical non-invasive investigations such as

electromyography and nerve conduction studies prior to the muscle
biopsy help identify the most affected group of muscles and, therefore,
the best site for muscle biopsy [4]. Also, performing multiple simulta-
neous biopsies was recommended in one study where it increased the
chance of accurate diagnosis from 78% to 95% [13].

In an epidemiological study about in the Netherlands in 2016, data
were collected over approximately eight years through the nationwide
Computer Registry of All Myopathies and Polyneuropathies (CRAMP).
About 25,000 individuals with neuromuscular disorders have been re-
gistered. Around 14,159 were males, while 11,233 were females. The
most prevalent disorder was amyotrophic lateral sclerosis (2057 cases)
and the least prevalent was Emery-Dreifuss muscular dystrophy (9
cases) [8]. In Saudi Arabia, no registry is available for either clinical or
histopathological documentation of different neuromuscular disorders.
In addition, there is no society for neuropathologists to exchange their
experience, collect their data, and build up the registry.

In another middle-eastern study, based upon a screening ques-
tionnaire distributed, 448 cases were positive and referred to Qena
University Hospital to undergo further investigations and confirm the
diagnosis. Out of the 448 individuals, 426 cases were proven to have a
neuromuscular disorder (408 neuropathies and 18 muscle diseases)
[14]. In our center, a muscle biopsy is not part of the workup for
neuropathies. When comparing our results with this study conducted in
Egypt, congenital myopathies, muscular dystrophies, and inflammatory
myopathies were higher in our center.

Limitations in our study are several including paucity of research
about muscle pathology and neuromuscular disorders originating from
Saudi Arabia with only one study in the literature including a small
sample size. Another limitation is the difficulty in comparing the results
to other studies due to the differences in the methodology and non-
standardized investigation tools. In addition, our sample size was small
in comparison to most studies published in the literature supported by
registries. Finally, the age range of our patients is large including pe-
diatric and adult patients, while most of the publications were focusing
on a special age group.

5. Conclusion

In conclusion, the muscle biopsy will continue to play a crucial role,
as a gold standard or as a complementary investigation, in the diagnosis
of certain neuromuscular disorders. In a standard muscle pathology
laboratory, the results can be available within 48 h with a reliable di-
agnosis for the clinician to start the treatment of treatable

Table 6
Metabolic myopathies.

Muscle pathology (metabolic subcategories) Frequency Percent

Glycogen storage disease type II (acid maltase deficiency
myopathy)

1 12

Glycogen storage disease, not otherwise specified 4 50
Lipid storage myopathy 1 12
Mitochondrial myopathy 2 25

Fig. 2. Histologic illustrations of some muscle pathologies showing: (A) homogeneous amphophilic deposits within the vascular walls in a case of amyloid myopathy.
(B) Positive Congo red staining of the deposits in (A). (C) Under polarized light, the apple-green birefringence of the Congo red-stained deposits in (B) is depicted. (D)
Target fibers are shown by NADH stain from a case of neurogenic atrophy. (E) The T lymphocytic marker CD3 highlights infiltration of the myofibers and en-
domysium in a case of inflammatory myopathy. (F) Electron micrograph depicts the dense nemaline rods from a case of nemaline myopathy. (G) Abnormal
mitochondrion with crystalline inclusion was identified in the same case in (F). (H) Vacuolar change from a case of glycogen storage disease (Pompe disease). (I)
Rimmed vacuoles in a case of myopathy with rimmed vacuoles. (J) Perifascicular atrophy in a case of dermatomyositis. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.)
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neuromuscular disorders. Increasing the yield and accuracy of muscle
pathology should be the main concern and priority to neuropathologists
reporting muscle biopsies. In addition, utilizing next-generation se-
quencing and other molecular techniques have changed the location of
muscle biopsy in the algorithm of the diagnosis of neuromuscular dis-
orders. This paper is an urgent call to establish the Saudi
Neuropathology Society and the muscle pathology and neuromuscular
disorders registry.
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