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Abstract. Nemaline myopathy (NM) is a rare congenital 
myopathy of great heterogeneity, characterized by the pres-
ence of rods in the cytoplasm of muscle fibers. This study 
aimed to summarize and analyze retrospectively the clini-
copathological features of 28 patients with NM. Among the 
28 patients, 15 were classified as of the typical congenital 
type, manifested as lower- or four-limb weakness as the first 
symptom and slowly progressive course. Six patients were 
classified as of childhood onset type, with lower-limb weak-
ness and progressive course. Seven patients were classified 
as of the adult onset type, with rapidly progressive course 
and obvious muscle atrophy. Patient's 1, 16 and 23 had 
rapid clinical progression. On follow up, the three patients 
showed respiratory failure. Limb weakness in all patients 
was proximal‑dominant. Hypotonia was observed in most 
patients. High arched feet were also observed as dysmorfic 
features. In all patients, the creatine kinase (CK) level was 
normal or mildly elevated, and electromyography revealed 
myogenic changes. Nemaline bodies were observed under a 
light microscope in more than half of the patients' muscle 
fibers, and especially in type I fibers. All patients showed 
fiber type I predominance and atrophy. Modified Gömöri 
trichrome staining showed characteristic purple‑colored 
rods. Muscle electron microscopy revealed the presence of 
high electron‑dense nemaline bodies around the nucleus, and 
of a disorganized myofibrillar apparatus, with broken myofil-
aments and irregular myofibrils and Z lines. The 28 patients 
with NM shared a number of clinical features, such as 
proximal limb weakness, reduced deep tendon reflex and 
dysmorfic features. Differences were also observed between 
the three types of patients, with regards to course progres-
sion, disease severity and respiratory failure. In conclusion, 
patients with NM showed great clinical heterogeneity. The 
diagnosis of NM was mainly based on the muscle biopsy.

Introduction

Nemaline myopathy (NM) is a rare congenital muscle disease 
with an incidence of 0.02 per 1,000 live births (1), which is 
characterized by the presence of rod‑like structures in skel-
etal muscle fibers. In 1963, Conen et al (2) and Shy et al (3) 
were the first to describe NM. The common clinical mani-
festation of NM is its onset, characterized by hypotonia or 
general weakness predominantly affecting facial, axial and 
proximal limb muscles. An important clinical feature of 
NM is that weakness is more predominant in the respira-
tory muscles compared to other muscle groups, and this is 
the main cause of mortality of NM patients. According to 
the degree of muscle weakness, its severity and the age at 
onset, six types have been clinically defined by the European 
Neuromuscular Center (ENMC) International Consortium 
on NM  (4): severe congenital, intermediate congenital, 
typical congenital, mild childhood, adult onset and other 
unusual types. Cases are often sporadic, but other cases with 
family history exhibit either autosomal recessive or dominant 
patterns of inheritance; mutations associated with the disease 
have been discovered in seven genes to date (5): TPM3, NEB, 
ACTA1, TPM2, TNNT1, CFL2 and KBTBD13. Although NM 
is a disease of high clinical and genetic heterogeneity, its 
diagnosis is based on standard criteria, namely, the presence 
of characteristic purple subsarcolemmal or cytoplasmic rods, 
visualized with the modified Gömöri trichrome dye and 
observed under a light microscope, or the presence of high 
electron‑dense nemaline bodies of Z‑line origin, observed by 
electron microscopy.

Since the first NM case reported by Cao et al (6) from 
the Beijing Friendship Hospital (Beijing, China), a total of 
16 cases have been reported in China (7‑16), but no study 
has systematically focused on the clinical and pathological 
features of NM. In our study, we present clinical and patho-
logical data from a total of 28 NM patients from China, which 
we used to investigate the clinical diversity and pathological 
features of NM.

Patients and methods

Patients and ethics. A total of 28 patients were included 
in this study. These patients were divided in two groups. 
Clinical and pathological data from a total of 28 NM 
patients from China is presented and the clinical diversity 
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and pathological features of Chinese patients with NM were 
investigated. Their enrollment was based on the references 
of these studies, available from the China Academic Journal 
Electronic Publishing House (http://www.cnki.net) and 
from the Medline database. This group comprised a total 
of 16 patients from 11 studies. The second group comprised 
12 patients, admitted in the Department of Neurology at the 
Chinese People's Liberation Army General Hospital from 
1986 until 2011. The 12 patients underwent muscle biopsy 
and were diagnosed on the presence of rods in the muscle 
fibers. Consent to analyze the muscle biopsies was obtained 
in the out‑patient clinic or during hospital admission for 
diagnostic investigation. This study was approved by the 
hospital's Institutional Review Board.

Clinical information and laboratory examination. Study 
protocol data collected from each patient included: i) detailed 
personal history (age at onset, initial symptom or sign, 
motor milestone delay, clinical course and family history); 
ii) clinical features (distribution of muscle weakness and 
atrophy, progression pattern, cardiac or respiratory issues, 
dysphagia and mental retardation); iii) dysmorphic features 
(pseudohypertrophy, high arched palate and foot, elongated 
face and spinal deformity); iv)  laboratory data [level of 
serum creatine kinase (CK), results from electromyography 
and nerve conduction velocity]; and v) muscle power (from 
manual muscle testing).

Electromyography. Electromyography and nerve conduction 
velocity tests were performed at the same time with the elec-
tromyography equipment (keypoint 2000; Dantec Dynamics, 
Skovlunde, Denmark). After informed consent was signed by 
the patients, a needle containing two fine-wire electrodes was 
inserted through the skin into the muscle tissue. A trained 
neurologist observed and recorded the electrical activity 
while inserting the electrode. The bilateral deltoid muscle, 
biceps brachii muscle, quadriceps femoris muscle and ante-
rior tibial muscle were assessed. Spontaneous signals from 
a muscle at rest were measured. Then, the patients were 
asked to contract slightly. The shape, size and frequency of 
the motor-unit action potentials were recorded. In addition, 
the recruitment was recorded when the patients were asked 
to contract vigorously. In the nerve conduction velocity test, 
small electrical shocks were delivered to a nerve at set loca-
tions. Electrical leads attached elsewhere on the body picked 
up the electrical signal, and the motor nerve velocity and 
sensory nerve velocity were recorded.

Muscle biopsy. Open muscle biopsy was performed on the 
biceps brachii or the quadriceps femoris under local anes-
thesia. Following removal, muscle samples were immediately 
frozen in isopentane cooled with liquid nitrogen and were 
stored at ‑80˚C. Transversal serial 5‑µm frozen muscle 
sections were stained with hematoxylin and eosin, modi-
fied Gömöri trichrome stain, nicotinamide dehydrogenase 
tetrazolium reductase (NADH‑TR) and adenosine triphos-
phatase (ATPase) after incubation at pH 4.3, 4.5 and 10.6. 
Morphometric evaluation of the muscle specimens was 
performed under a light microscope (BX51; Olympus, Tokyo, 
Japan). A 0.5x0.5x1.0 cm-size muscle sample was stored in 

glutaraldehyde and observed under an electron microscope 
(JEM1230; JEOL, Ltd., Tokyo, Japan). All reagents were 
purchased from Sinopharm Chemical Reagent Co., Ltd. 
(Beijing, China).

Results

Patient information. From April 1986 to December 2011, 
4,127 muscle biopsies were performed on suspected myop-
athy cases in our hospital. The proportion of NM cases in 
this group was 0.29% (12/4,127). In the 28 patients evaluated 
in this study, there were 18 male (M) and 10  female (F), 
with a ratio M:F=1.8:1. The patients' age ranged from 4 to 
74 years, with a mean age 22.5±16.7  years. The disease 
course ranged from 1 month to 35 years, with a mean disease 
course of 107.9±107.2 months. A total of 26 patients with 
no family history were considered as sporadic cases, with 
14 of these patients recruited from other studies and 12 from 
the Neurology Department in our hospital. The remaining 
2 patients belong to a family with positive family history and 
were considered as family cases.

Clinical information. Details on each patient are shown in 
Table I. Among the 28 patients, 15 presented mild hypotonia 
and chronic limb weakness during the neonatal period, with 
delayed motor milestone in a few cases. Symptoms such 
as lower limb weakness, dyspnea and myalgia developed 
rapidly in 7 cases during adulthood. Three of these patients 
displayed rapid clinical progression and acute respiratory 
insufficiency, while their prognosis was poor. Lower limb 
weakness at childhood or adolescence was the most common 
initial symptom observed in the remaining 6 patients. Each 
of these patients leaded an independent life with mild muscle 
weakness. According to the age at onset, severity of muscle 
weakness, development of clinical progression and respira-
tory involvement, we classified the three groups of patients 
as typical congenital, adult onset and childhood onset on 
the basis of NM classification criteria defined by the ENMC 
International Consortium.

Most patients walked slowly or easily lost balance due to 
the lower limb muscle weakness, especially in the proximal 
parts. However, two patients (nos.  7 and  24) showed a 
different muscle weakness distribution, with higher severity 
of weakness observed in the distal rather than the proximal 
parts. Muscle weakness would then develop in the upper limb 
muscle, neck flexor and facial muscle groups, but cardiomy-
opathy and ophthalmoplegia were not detected in our study. 
Respiratory muscle involvement, causing respiratory insuf-
ficiency and associated with poor prognosis, was only found 
in adult onset type patients (42.9%, 3/7).

Similar to the muscle weakness distribution, the muscle 
atrophy mostly occurred in the four limbs and markedly 
affected the proximal parts. Three out of the 7 adult onset 
type patients showed trunk muscle atrophy, and 9 out of the 
15 typical congenital type patients showed no muscle atrophy. 
In 15 typical congenital NM cases, 7 showed high arched 
palates, 2 showed elongated faces and no dysmorphic features 
in other cases were identified. All patients exhibited reduced 
to absent tendon reflexes. Needle electromyography revealed 
normal nerve conduction and a combination of small, brief, 
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motor-unit action potentials with reduced recruitment in all 
patients; these are myopathic electromyography presenta-
tions. The serum CK level ranged from 28 to 261 IU/l (normal 
range 2‑200 IU/l) with a mean value 111.7±60.1 IU/l. The CK 
level was within the normal range for 89.3% of the patients 
(25/28), while it was mildly to moderately elevated in 10.7% of 
the patients (3/28).

Pathological information. Histological analysis of the muscles 
biopsies was performed in all cases, and similar abnormali-
ties were found among the samples. Hematoxylin and eosin 
staining revealed variations in the fiber size, with areas of small 
groups of atrophic muscle fibers. A frequency of red-stained 
rods >90% was found in the cytoplasm and the subsarco-
lemmal region of muscle fibers in 19 patients (67.9%) (Fig. 1), 
while a frequency of 70% was found in 7 (25%) and of 50% 
in 2 (7.1%) patients. Some of the rods were detectable with 

hematoxylin and eosin, but most of them became evident upon 
modified Gömöri trichrome staining (Fig. 2). Characteristic 
purple‑colored rods were observed in the cytoplasmic and 
subsarcolemmal region of muscle fibers stained with modi-
fied Gömöri trichrome, which were more prominent in type I 
fibers. ATPase stain showed the predominance of type  I 
fibers in all patients (Fig. 3) and the type I fiber atrophy in 
12 patients. Nemaline rods were confined in type I fibers in 
18 patients, while rods were never observed to be confined in 
type II fibers. A histochemical reaction for NADH‑TR showed 
that the darker, type I fibers are smaller in diameter than the 
pale, type II fibers, and revealed the presence of core‑like 
areas devoid of enzyme activity in some larger fibers (Fig. 4). 
Electron microscopy allowed detection of nemaline rods as 
high electron‑dense rod‑shaped or ovoid structures; these 
structures located in the middle of the muscle fibers or were 
accompanied by a disorganized myofibrillar apparatus, with 

Figure 1. Haematoxylin and eosin staining (magnification, x400) shows fiber 
size variation, with areas of small groups of atrophic muscle fibers. A few 
subsarcolemmal rods are detected.

Figure 2. Modified Gömöri trichrome staining (magnification, x400) shows 
characteristic purple rods.

Figure 4. Adenosine triphosphatase staining at pH 4.5 (magnification, x400) 
shows type I fiber predominance. Rods are confined in type I fibers.

Figure 3. Nicotinamide dehydrogenase tetrazolium reductase staining (mag-
nification, x400) shows type I fiber atrophy and core‑like areas devoid of 
enzyme activity in some larger fibers.
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broken myofilaments, and irregular myofibrils and Z lines 
(Fig. 5).

Discussion

NM is a clinically heterogeneous congenital myopathy, 
characterized by the presence of rod‑like structures in the 
cytoplasm of muscle fibers. The rods, or nemaline bodies, are 
stained purple with the modified Gömöri trichrome staining 
method or can be visualized by electron microscopy as high 
electron‑dense bodies similar to Z bands. Similar to other 
congenital myopathies, NM was named after the Greek word 
‘nema’ for the thread observed in muscle biopsies. Although a 
relatively rare disease, NM is the most common non‑dystrophic 
congenital myopathy, with an estimated incidence of 0.02 per 
1,000 live births worldwide. In China, only a few NM cases 
were reported, and related epidemiological data have not yet 
become available. In our study, we screened, using muscle 
biopsy, a total of 4,127 patients all over China from 1986 to 
2011, and identified 12 patients with histopathological signs of 
NM. The proportion of NM in this pool of suspected myopathy 
cases is ~0.29%.

The clinical features of NM patients are highly variable, 
ranging from neonatal death to mild limb weakness. The 
onset age also ranges from neonates to several decade-old 
individuals. In 2000, according to the age of patients at onset, 
severity of muscle weakness, development of clinical progres-
sion and respiratory involvement, the ENMC International 
Consortium classified NM into six types  (4). The severe 
congenital type is the most severe type of NM. The first symp-
toms manifest at birth, with hypotonia and profound muscle 
weakness, particularly affecting the diaphragm and intercostal 
muscles, and eventually leading to severe respiratory insuffi-
ciency. Patients can perform few spontaneous movements and 
have difficulties in swallowing and sucking. Most cases die 
within one year. Patients of the intermediate congenital type 

can perform spontaneous movements or respiration at birth, 
but as the disease develops, most cases become unable to 
achieve ambulation or respiratory independence at early child-
hood. Characteristic of patients of this type is that walking 
is performed with the help of a wheelchair before the age of 
11 years. Most NM cases belong to the typical congenital type. 
Although muscle weakness and hypotonia occur during the 
neonatal period, these patients often improve strength with age 
and lead an independent life. The clinical features of patients 
of the mild childhood type are similar to those of patients of 
the typical congenital type, except for the onset age. The NM 
adult onset type comprises a heterogeneous group of patients, 
with the disease onset reported between the third and the 
sixth decade of life. Respiratory muscle involvement along 
the rapidly progressive disease course is characteristic of this 
type, and often causes respiratory dysfunction, while its is also 
associated with poor prognosis. The other unusual types of 
NM include rare features such as cardiomyopathy, ophthal-
moplegia and the detection of intranuclear nemaline bodies.

Three groups of patients were included in our study: 
typical congenital, adult onset and mild childhood, accounting 
for 53.6, 25 and 21.4% of the studied population, respectively, 
This distribution is similar to that reported by Ryan et al (17). 
Our study highlighted the clinical heterogeneity of NM. On 
the one hand, patients of the same type shared a number of 
clinical features: limb weakness and delayed motor milestone 
at birth in the typical congenital, proximal limb weakness at 
early childhood in the mild childhood and rapidly progressive 
disease course in the adult onset type. On the other hand, there 
were also slight differences among patients of the same type 
regarding aspects such as initial symptoms, muscle weakness 
distribution and clinical progression. One finding from the 
present study that is different from previous studies conducted 
on patients from other countries is the high proportion of adult 
onset type patients (17). The reason for missing severe and 
intermediate type patients may relate to the small number of 
patients enrolled in our study, and to a bias for exclusion of 
neonatal and infantile patients: Patients in neurological depart-
ments are often adolescents and adults, since NM children 
can seldom survive long. A future study will include a higher 
number of NM patients to confirm the validity of our findings.

Because of the great heterogeneity of NM patients, muscle 
biopsy analysis used for diagnosis of NM was mainly based 
on the presence of rod‑like structures or nemaline bodies in 
the muscle fibers. Haematoxylin and eosin-stained sections of 
skeletal muscle from patients with NM appeared normal, or 
exhibited a certain variation in fiber size, but staining of frozen 
sections with the modified Gömöri trichrome dye revealed the 
presence of rods, the hallmark of this disorder, which were 
stained purple in contrast to the pale blue‑green myofibrils. 
Our study also showed a tendency for rods to be confined in 
type I fibers, in clusters under the sarcolemmal membrane, 
or rarely in the nuclei, which is often associated with poor 
prognosis (18). Similar to a previous report (19), muscle type 
disproportion was common, and fiber type I predominance 
and muscle atrophy were frequently observed in NM patients. 
The distribution and number of rods was variable between 
different muscles or different patients, and sometimes a 
second biopsy was needed. There was no obvious correlation 
between the number of rods and the clinical severity of the 

Figure 5. Electron microscopy (magnification, x10,000) shows high 
electron‑dense rod‑shaped structures, accompanied by a disorganized myofi-
brillar apparatus, and areas without rods with normal sarcomere appearance.
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disease. A correlation between the severity of clinical features 
and alterations in the size and proportion of type I myofibers 
was previously reported (20).

When observed under an electron microscope, rods 
appeared as high electron‑dense ovoid structures that were 
often parallel to the long axis of the sarcomere or located 
near the Z disc, measuring 1‑7 µm in length and 0.3‑2 µm in 
width. The rods altered the normal structure of the sarcomere, 
while in the area without rods, the sarcomere was well orga-
nized. Although the exact source of rods is still unclear, these 
structures may derive from the Z disc. Luther and Squire (21) 
demonstrated with electron microscopy experiments that 
rods have a lattice structure similar to that of Z disks, while 
the major constituent of rods is α‑actinin, which is also the 
component of the Z disc.

Genetic studies have identified mutations in seven 
distinct genes that are associated with the onset of NM: 
slow‑muscle α-tropomyosin (TPM3) (22), nebulin (NEB) (23), 
α‑actin  (ACTA1)  (24), β‑tropomyosin (TPM2)  (25), 
troponin T1 (TNNT1) (26), cofilin‑2 (CFL2) and kelch repeat 
and BTB domain-containing 13 (KBTBD13) (27). Except for 
KBTBD13, the other six genes all encode protein compo-
nents of the muscle thin filaments  (28). Importantly, this 
molecular variability in NM-causing mutations extends to 
inheritance patterns, as mutations in at least a few of these 
genes have either autosomal dominant or autosomal recessive 
patterns of inheritance. The gene NEB was localized on the 
human chromosome 2q21.2‑q22 based on a linkage study by 
Wallgren-Pettersson et al (23); the gene encodes the protein 
nebulin, which is the main component of the axis of the 
thin filament. Mutations in NEB are only seen in autosomal 
recessive cases  (29) and are associated with 50% of NM 
cases related to gene mutation. Moreover, most clinical cases 
related to NEB mutations are of typical congenital type (30). 
Besides mutations in NEB, the second most common muta-
tion associated with NM patients was discovered in the 
ACTA1 gene, accounting for 10‑20% of NM cases caused by 
mutations (31). About half of the cases related to mutations 
in ACTA1 are associated with the severe congenital type and 
display autosomal recessive, as well as autosomal dominant 
inheritance patterns (32). A mutation in TNNT1 was identified 
in Old Order Amish families with NM history, inherited in 
an autosomal recessive pattern (26). A mutation in the CFL2 
gene, locating on 14q12, was reported in four cases displaying 
facial weakness and foot drop (33,34). TPM3 mutations have 
been discovered in rare dominant and recessive cases of NM, 
and rarely are TPM2 in autosomal dominant mode (25). It is 
notable that nemaline bodies are only present in type I fibers of 
patients with TPM3 mutations, in accordance with the fact that 
TPM3 encodes the slow‑muscle α-tropomyosin in type I fibers. 
Recently, mutations in KBTBD13 have been reported to cause 
dominantly inherited NM (26). In contrast to the other 5 genes 
mutations in which cause NM, KBTB13 encodes a protein with 
a kelch repeat and a BTB domain, which is not related to the 
thin filament of the myofiber; the function of this protein is 
still unclear.

In conclusion, NM is a rare myopathy in China, with only 
0.29% of cases detected among the screened myopathy cases 
in this study. The 28 Chinese patients with NM examined 
herein showed great heterogeneity in clinical features, and 

their types ranged from typical congenital and mildly affected 
at childhood to adult onset type with respiratory failure. The 
diagnosis of NM was mainly based on the presence of char-
acteristic rods in >50% of the muscle fibers. Genetic analyses 
are necessary to further investigate the pathophysiology of the 
observed clinical and pathological features of these patients.
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