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The role of magnetic resonance imaging
of muscles in the differential diagnosis
of certain forms and subtypes of limb-girdle muscular
dystrophy: case analysis
Abstract. Limb-girdle muscular dystrophy is a genetically heterogeneous group of disorders that are characterized by
slowly progressing muscle weakness and presents a diagnostic problem in the neurological practice. The combination
of clinical, radiological, and laboratory methods of examination plays an important role in referring the patient to
genetic counseling and making the correct diagnosis. Magnetic resonance imaging of muscles is increasingly used to
give clues in the primary muscle damage diagnosis, based on specific patterns of muscle lesion. The article provides
two clinical cases as an example of an integrated approach to the diagnosis of progressive muscular dystrophy using
genetic analysis and magnetic resonance imaging of muscles.
Keywords: magnetic resonance imaging of muscles; limb-girdle muscular dystrophy; genetics; specific patterns
of muscle damage

Background
Limb-girdle muscular dystrophy (LGMD) is an umbrella
term given to a diverse group of highly heterogeneous, rare, autosomal neuromuscular disorders with many subtypes categorized by disease genes and inheritance. It is caused by mutations
in more than 25 genes that encode numerous components of
the myofiber, contractile apparatus, nuclear lamina, sarcolemma, or the cytoplasm. LGMD usually manifests itself in the
proximal muscles around the hips and shoulders, causes weakness of the proximal muscles of the shoulder and pelvic girdle.
Currently, LGMD has more than 30 different subtypes,
associated with specific gene loci, which manifest themselves
by crossed and heterogeneous phenotypes [1, 2]. Considering the genetic and phenotypic heterogeneity of this pathology, LGMD should be considered in almost all patients who
complain of primary muscle weakness.
Typical clinical manifestations of limb-girdle muscular
dystrophy are gait disturbances (waddling gait, so-called ducklike gait). Waddling gait is an exaggerated alternation of lateral

trunk movements with an exaggerated elevation of the hip,
suggesting the gait of a duck. Affected individuals may have
not only an unusual gait, such as waddling or walking on the
balls of their feet, but may also have difficulty running, hyperlordosis in the lumbar spine, winged shoulders, a symptom of
flabby arms, muscular hypotonia with hypotrophy, and tendon
hyporeflexia that is equal to muscle weakness. LGMD patients
may need using their arms to press themselves up from a squatting position because of their weak thigh muscles. As the condition progresses, people with limb-girdle muscular dystrophy
may eventually require a wheelchair. Increased levels of creatine
phosphokinase (CK) are observed in blood plasma.
There are two major groups of LGMDs. The classification of LGMD into autosomal dominant forms — LGMDD (or LGMD1 according to the old classification) and autosomal recessive forms — LGMD-R (LGMD2 according
to the old classification) is supplemented by a classification
based on the involved proteins and major genetic defects [3].
Dominant forms are less common than recessive [4].
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The prevalence of LGMD is unknown, but estimates
range from one in 14,500 to one in 123,000 and depend on
its subtype and geography [5]. It is difficult to determine the
prevalence of LGMD because of the variety of its features
that is commonly overlapping with other muscle disorders.
LGMD is the fourth most common muscular dystrophy after
dystrophinopathies, myotonic dystrophy, and facioscapulohumeral dystrophy.
Various forms of LGMD may be inherited as autosomal
dominant or recessive traits. Тhere are currently recognized
eight subtypes of LGMD1 (A–H), and LGMD2 has 17 subtypes (A–Q). The major amount of LGMD is inherited by
autosomal recessive type, and only about 10 % are autosomal
dominant forms. Autosomal dominant and autosomal recessive forms of LGMD are equally found in men and women.
Most recessive cases of LGMD are caused by calpainopathy,
dysferlinopathy, and sarcoglycanopathy [6, 7].
The age at onset, severity, and progression of symptoms
of these subtypes may vary greatly from case to case, even
among individuals in the same family. The onset age also
varies among different mutations and ranges from 1 to 50
years. Signs and symptoms may first appear at any age and
generally worsen with time, although in some cases they remain mild. In some patients, LGMD may be asymptomatic.
LGMD varies among families and family members with the
same mutation. In general, patients with autosomal dominant LGMD have a later onset and slower course than those
with autosomal recessive type. The increase in creatine kinase is not as significant in autosomal dominant LGMD as
in autosomal recessive forms.
The differential diagnosis of LGMD includes facioscapulohumeral muscular dystrophy, Emery-Dreifuss muscular
dystrophy, congenital muscular dystrophy, polymyositis,
myotonic, myofibrillar, distal and metabolic myopathy, collagen VI-related disorders and dermatomyositis, endocrine
myopathies, storage diseases (in particular, Pompe disease),
progressive muscular dystrophy, Leyden-Möbius muscular
dystrophy, spinal muscular atrophy, and inflammatory myopathies (dermato-/polymyositis).
The purpose was to provide a detailed presentation of
two clinical cases of patients with limb-girdle muscular dystrophy as an example of an integrated approach to the diagnosis of progressive muscular dystrophy using comprehensive
clinical, genetic, and neuroimaging analysis.

Materials and methods
The materials and methods of this study were reported
previously in detail [8]. Briefly, all study participants were
admitted to the Department of Neurology of the Uzhhorod
National University, Regional Clinical Center of Neurosurgery and Neurology (Uzhhorod, Ukraine). Clinical history,
12-lead electrocardiogram, blood testing, muscle magnetic
resonance imaging (MRI) were obtained for all study participants. Limb-girdle muscular dystrophy was determined
according to criteria of the American Academy of Neurology and the American Association of Neuromuscular &
Electrodiagnostic Medicine, which were endorsed by the
American Academy of Physical Medicine and Rehabilitation, the Child Neurology Society, the Jain Foundation, and
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the Muscular Dystrophy Association [9], and 229th ENMC
international workshop: Limb girdle muscular dystrophies —
Nomenclature and reformed classification Naarden, the
Netherlands, 17–19 March 2017 [3], and was confirmed
by the genetic analysis and neuroimaging. For all identified
variants of LGMD, gene mapping was performed on a specific chromosome. For some variants of LGMD, the main
types of pathological mutations and protein expression products were identified. Parametric and non-parametric statistical methods were applied.

Results and discussion
The list of genes for LGMD screening is too large, and
it is more suitable to apply the targeted next-generation
sequencing (NGS) panels, which should include any gene
that so far has been associated with the clinical picture of
LGMD.
Along with the standard methods of diagnosing muscle
pathology that have been in the practice of neurologists for
a long time (electromyography, biopsy), the role of MRI is
critical. It is used to identify or assess the degree of dystrophic changes in the muscles, which were defined as a “replacement of skeletal muscles with the fat tissues, detected
on standard T1-weighted axial images”. In recent decades,
MRI has become crucial for the diagnosis of soft tissue diseases. Its value has been convincingly proven in hereditary
and inflammatory neuromuscular diseases. In addition to
neurological and neurophysiological researches, muscle
MRI is a valuable diagnostic tool that allows assessing the
degree and, more importantly, narrowing the diagnostic
search in the most difficult-to-treat cases, especially muscle
diseases [3, 10–12]. MRI of the lower extremity muscles is
a reliable non-invasive tool for diagnosing and assessing the
progression of neuromuscular diseases, showing specific patterns of muscle damage in many myopathies [14, 15].
MRI helps differentiate specific forms and subtypes of
LGMD, assess the severity and distribution of muscle involvement, and, therefore, determine the specific features
in many forms of the disease [16, 17]. The change in the
hyperintense signal is observed in the affected muscles when
performing T1-weighted (T1W) scanning. MRI studies have
shown damage to the certain muscle groups in the lower extremities, depending on the type and subtype of LGMD.
For example, patients with LGMD2A show marked involvement of the hip adductor, patellar tendon, and medial
head, while the function of the tailor’s muscle is preserved,
and imaging shows the involvement of the plantaris muscle, vastus medialis, and biceps femoris [18]. Patients with
LGMD2B may have a variable MRI pattern, mainly involving the adductor, quadriceps, and tibialis muscles, with
relative preservation of the tailor’s and gracilis muscles [19].
The calf muscle is predominantly affected in Miyoshi myopathy, lesions of the gluteal muscles, anterior and posterior
thigh muscles are more typical for patients with the LGMD
phenotype. Patients with sarcoglycanopathy do not show any
significant difference like muscle damage on MRI. The adductors and gluteal muscles are more likely to be affected at
the very early stage of the disease that commonly manifested
itself by damage to the vastus lateralis muscle. The long ad-
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ductor muscle may show some intact areas, with complete or
relatively intact tibialis posterior and flexor digitorum longus
muscles. Relative hypertrophy of the sartorius and the gracilis muscles may be detected [19]. Patients with LGMD2D
had more severe MRI changes in anterior vs posterior thigh
muscles. Muscle tissue in patients with LGMD2I who have
mutation in the fukutin-related protein gene is characterized
by a pattern of fatty infiltration and edema on the MRI of the
vastus intermedius and vastus medialis muscles [20].
In the article, we present two clinical cases in patients
who are receiving treatment at the Regional Clinical Center
of Neurosurgery and Neurology in Uzhhorod (hereinafter,
Center). Modern diagnostic methods, including muscle
MRI and genetic counseling, were used in both patients.

Clinical case 1
Patient 1, 31 years old. She has been under the supervision in the Center for 3 years with complaints about feeling of weakness and tightness in the legs (predominately
thighs), gait disturbances, difficulty getting up from a chair
and climbing stairs.
From the anamnesis morbi: considers herself ill for the last
12 years, when she began to feel weakness in legs. The weakness increased gradually. With time, the pain in the lower
extremities appeared, it became difficult to walk (last 5–7
years), get up from a chair. Difficulty climbing stairs, raising
arms (during combing) appeared and increased during the
last 3 years. Family history: no known hereditary pathology.
Neurological status. The speech is clear. The face is symmetrical, the tongue is medial. Swallowing is not affected.
The pharyngeal reflex is preserved. The mobility of the soft
palate during phonation is preserved. Tendon reflexes from
the hands are preserved, patellar tendon reflex is absent,
Achilles reflexes are with foot clonus. There is hypotonia of
the muscles of the lower extremities. Atrophy-hypotrophy
was not detected (the measurements of the shin: right and
left 33 cm, thighs: right and left 44 cm). Muscle strength in
the lower extremities was up to 3.0 points (proximal), 4.0
points distally, in the hands — up to 4.0 points (proximal).
Sensitivity is not impaired. Standing on the toes is not impaired while standing on the heels is difficult. A Gowers’ sign
is positive. The patient has waddling gait.
Laboratory and instrumental examination results. CK
929.0, ALT 52.0, AST 47.0. Chest X-ray, echocardiography,
spirometry, spirography, cardiological examination are with
no detected pathology. Genetic analysis of alpha-galactosidase is negative. MRI of the lumbar spine shows hyperlordosis and a perineural (Tarlov) cyst at S2 level. EMG: no
pathology detected in the motor and sensory fibers of the
upper and lower extremities; test of neuromuscular transmission— myasthenic block was not detected; EMG signs of
generalized, myopathic type, lesions with a predominance in
the lower extremities are more proximal. MRI of the pelvic
girdle muscles was performed using T1-, T2-weighting and
STIR-sequence, following muscles are intact on both sides:
m.rectus femoris, m.sartorius, m.gracilis, m.biceps femoris,
caput breve; bilateral subtotal adipose tissue replacement of
the anterior and posterior thigh muscle fibers was detected,
as well as atrophic changes with adipose tissue replacement
Òîì 16, N¹ 8, 2020
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Figure 1. MRI of the thighs. T1W. Bilateral
degenerative changes mainly of the anterior
and posterior muscle groups

Figure 2. MRI of the legs. T1W. Bilateral
degenerative changes of the calf muscle

of the posterior shin muscles bilaterally, stage 1–3 on the
Mercuri and Fischer scales (Fig. 1, 2).
The patient was examined by a rheumatologist, as a result, inflammatory myopathies — polymyositis and dermatomyositis — were excluded. During genetic counseling, NGS
was performed. A mutation in the calpain-3 (CAPN3) gene
was detected in a homozygous state. The CAPN3 gene is associated with the autosomal recessive LGMDR1 (LGMD2A
according to the old classification).

Clinical case 2
Patient 2, 23 years old. She visited outpatient clinic for a
year with complaints of weakness in the arms, more on the
right, inability to raise arms above the head, thinning of the
right arm, asymmetry of facial muscles, difficulty walking,
difficulty getting out of bed.
From the anamnesis: the patient has been ill since she was
about 10 years old when she began to notice the asymmetry
of the face on the left and tightening of the lips. In 2015, after
childbirth, she began to notice weakness and thinning of the
right arm (shoulder/forearm) that has progressed over several
months, the weakness in the left arm appeared. Over the past
year, the weakness in the upper extremities increased significantly, especially on the right, the patient noted difficulty
to get out of bed, inability to raise her arms above the chest.
Family history: without hereditary pathology.
Neurological status. The speech is clear. The face is asymmetrical, hypotrophy of facial muscles on the left, patient
cannot pucker her lips. Swallowing is not disturbed. The pha-
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SGCG gene is associated with the autosomal recessive
LGMDR5 (LGMD2C according to the old classification) — γ-sarcoglycanopathy.

Conclusions

Figure 3. MRI of the thighs. T1W. Bilateral
degenerative changes mainly of the medial and
posterior muscle groups

Figure 4. MRI of the legs. T1W. Bilateral (more right)
degenerative changes of the tibialis anterior muscle

ryngeal reflex is preserved. Tendon reflexes from the hands are
torpid, D = S, patellar and Achilles are restored. Hypotrophy
of the right shoulder girdle muscles, winged scapula. Hypotonia of the muscles of the upper extremities, more on the right.
Muscle strength in the extremities: in the hands proximally —
to 2.0 points, distally — to 3.0 points; in the extensors of the
right foot — up to 3 points. Standing on the toes is preserved,
on the heels is not possible. A Gowers’ sign is negative.
Laboratory and instrumental examination results. СK 834.0,
ALT — 32.3, AST — 30.4. Chest X-ray, echocardiography, spirometry and spirography, cardiological examination — without
pathology. Genetic analysis of alpha-galactosidase deficiency
is negative. Consulted by a cardiologist — sinus arrhythmia.
ENMG: signs of the reorganization of ABM on myopathic type
mainly in the upper extremities, more proximal departments,
with a slight asymmetry more on the right. Spontaneous activity is absent (fibrillation and fasciculation potentials were not
obtained). MRI of the pelvic, shoulder, and girdle muscles was
performed using T1-, T2-weighting, and STIR-sequence: atrophic changes of the upper shoulder girdle muscles, on the right:
m.trapezius, semispinalis capitis et cervicis, m.serratus anterior,
supraspinalis capitis et cervicis were found; atrophic changes
due to the replacement of adipose tissue fibers of the thigh
muscles, mainly the posterior and medial groups; the anterior
group of thigh muscles was almost intact. Atrophic changes in
the tibialis anterior muscle are noted; stage 2–3 on the Mercuri
and Fischer scales (Fig. 3, 4).
Patient underwent genetic counseling, the NGS panel
was used. The diagnostic search included the gene of facioscapulohumeral muscular dystrophy, taking into account the asymmetry of the lesion. The carrier of the
SGCG gene in the heterozygous state was detected. The
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Thus, given the clinical heterogeneity of progressive
muscular dystrophies, the diagnosis should be based on both
additional methods and, of course, the clinical picture of the
disease. Taking into account our experience, patients with
myopathy syndrome require a comprehensive clinical and
diagnostic approach, including the involvement of related
specialists. It is necessary to conduct a complete clinical
and biochemical examination, including determination of
the level of CK, ALT, AST. The results of laboratory tests
need to be carefully compared with the results of clinical
and instrumental examination, in particular with the data of
ENMG and MRI of muscles. Clinical use of muscle MRI
and ENMG helps in the early diagnosis of progressive forms
of muscular dystrophies that will allow for timely treatment
and rehabilitation measures in the future.
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1

Роль магнітно-резонансної томографії м’язів у диференційній діагностиці окремих форм та підтипів
кінцівково-поясної м’язової дистрофії: аналіз клінічних випадків
Резюме. Кінцівково-поясна м’язова дистрофія — це генетично щоб надати підказки в діагностиці первинного ураження м’язів,
гетерогенна група м’язових порушень, що характеризуються повільно прогресуючою м’язовою слабкістю. Ця рідкісна патологія
становить діагностичну проблему в практиці лікаря-невролога.
Комбінація клінічних, рентгенологічних i лабораторних методів
обстеження має велике значення при направленні хворого на генетичну діагностику та постановці правильного діагнозу. Магнітно-резонансна томографія м’язів все частіше використовується,

ґрунтуючись на специфічних патернах їх ураження. У статті наводиться приклад комплексного підходу до діагностики прогресуючих м’язових дистрофій із застосуванням генетичного аналізу
та магнітно-резонансної томографії м’язів.
Ключові слова: магнітно-резонансна томографія м’язів;
кінцівково-поясна м’язова дистрофія; генетика; специфічні
патерни ураження м’язів
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Роль магнитно-резонансной томографии мышц в дифференциальной диагностике отдельных форм
и подтипов конечностно-поясной мышечной дистрофии: анализ клинических случаев
Резюме. Конечностно-поясная мышечная дистрофия — используется, чтобы дать подсказки в диагностике первичноэто генетически гетерогенная группа нарушений, которые
характеризуются медленно прогрессирующей мышечной
слабостью. Эта редкая патология представляет диагностическую проблему в практике врача-невролога. Комбинация
клинических, рентгенологических и лабораторных методов
обследования играет большую роль при направлении больного на генетическую диагностику и постановке правильного
диагноза. Магнитно-резонансная томография мышц все чаще
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го поражения мышц, основываясь на специфических паттернах их поражения. В статье приводится пример комплексного
подхода к диагностике прогрессирующих мышечных дистрофий с применением генетического анализа и магнитно-резонансной томографии мышц.
Ключевые слова: магнитно-резонансная томография мышц;
конечностно-поясная мышечная дистрофия; генетика; специфические паттерны поражения мышц
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