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Abstract: Objectives: To investigate the clinical and pathological characteristics of central core disease (CCD) in 
China. Methods: A retrospective analysis was performed on the clinical data of 40 patients with CCD who presented 
at our department or other hospitals from 1986 to 2013. Muscle histochemical staining was used to study the 
muscular pathological characteristics of patients with CCD. Results: This study included a total of 18 reported cases 
and 22 cases in our department, among which 15 were sporadic cases and 25 were familial (from 6 families). There 
were 20 men and 20 women. 38 patients had experienced the onset of CCD during childhood or even earlier; how-
ever, only 2 patients had adult-onset CCD. All patients manifested symptoms of muscle weakness, majority of them 
starting with a weakness of the lower extremities. In addition to limb muscles, CCD also affected their necks, faces, 
and extraocular muscles to varying degrees. CCD was often accompanied by delayed motor development, bone 
and joint deformities, reduced fetal movement during pregnancy, or hypotonia. Except 2 patients with significantly 
elevated creatine kinase (CK) levels (up to 1419 U/L and 2259 U/L), the remaining patients had normal or slightly 
elevated CK levels. Electromyography (EMG) showed myogenic damage or no abnormalities. In the muscle pathol-
ogy of all patients, NADH staining clearly showed an oxidase-deficient area, or the core region, with a clear boundary 
at the center of almost every muscle fiber. Besides, the core phenomenon can also be observed via a good hema-
toxylin and eosin (HE), modified Gomori trichrome (MGT), non-specific esterase (NSE), periodic acid shift (PAS), and 
oil Red “O” (ORO) staining. ATPase staining showed that the majority of fibers with cores were type I fibers. Necrotic 
muscle fibers, phagocytosis, and inflammatory cell infiltration were not observed, except in 3 patients with necrotic 
muscle fibers. Conclusions: The clinical manifestation and pathological characteristics of Chinese CCD patients are 
similar with that of previous reports, except with late onset age, less facial muscle involvement and eccentric cores. 
And the diagnosis mainly relies on the characteristic core structure revealed by muscle histochemical staining.
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Introduction

Central core disease (CCD) is a rare congenital 
myopathy, its main pathological characteristic 
being the characteristic core structure revealed 
by muscle histochemical staining. The main 
clinical manifestation of CCD was first reported 
by Shy and Magee [1] in 1956 as a slowly pro-
gressive or non-progressive proximal limb 
weakness. CCD, the first known congenital 
myopathy, is a genetically related allelic dis-
ease of malignant hyperthermia caused by a 
mutated RYR1 gene on Chromosome 19 [2]. 
There have been several studies on the clinical 
and pathological features of CCD; however, 

there have been only about 18 reports in China, 
among which the majority were case studies 
[3-12]. To date, it is difficult to conclude wheth-
er CCD has specific characteristics in the 
Chinese population. Since our department 
launched the diagnostic technique of muscle 
biopsy in 1986, we have diagnosed a total of 22 
patients with CCD, which is the highest number 
of cases in China. Hence, we aimed at conduct-
ing a comprehensive and systematic study on 
these cases in combination with other cases of 
CCD in China identified via a literature search, 
and to perform an integrated analysis to inves-
tigate the clinical and pathological characteris-
tics of CCD in the Chinese population.

http://www.ijcep.com
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Table 1. Clinical data of patients with central core disease (CCD) reported by other hospitals in China

No. Gender
Age  

(years  
old)

Onset  
stage

Course of  
disease

Family  
history Primary symptom Affected area Accompanying  

symptom
Muscle  
enzyme EMG Others

1 Male 7 Childhood 3 years No Weakness in all four extremities Upper extremities,  
Lower extremities

DMM, Lo Normal Neuropathic damage Gower’s sign (+)  
Muscle atrophy

2 Male 4 At birth 4 years No Weakness in bilateral lower extremities Lower extremities,  
Extraocular muscles

FI, JC, Lo, PA Normal Myogenic damage Gower’s sign (+)  
Muscle atrophy

3 Male 15 Childhood 11 years No Weakness in bilateral lower extremities,  
exercise intolerance

Lower extremities DMM Normal Neuropathic damage No

4 Male 34 Adult 3 years Yes Weakness in bilateral lower extremities,  
exercise intolerance

Lower extremities No Normal ND No

5 Male 1 Infant 9 months No Weakness in all four extremities,  
limited physical activity

Upper extremities, Lower 
extremities, Neck muscles

DMM Significant  
elevation

Myogenic damage No

6 Female 13 Childhood 10 years No Weakness in bilateral lower extremities Lower extremities No Normal Myogenic damage No

7 Male 9 Childhood 4 years No Weakness in all four extremities,  
unable to bear weight

Upper extremities,  
Lower extremities

No Slightly high Myogenic damage Muscle atrophy

8 Male 29 Adult 5 years No Weakness in bilateral lower extremities Lower extremities No Normal Neuropathic-Myogenic  
damage

No

9 Female 13 Childhood 10 years No Weakness in all four extremities Upper extremities,  
Lower extremities

DMM, Sc Normal Myogenic damage Waddling gait;  
Muscle atrophy

10 Male 27 Childhood 24 years Yes Weakness in all four extremities,  
exercise intolerance

Upper extremities,  
Lower extremities

No Normal No significant  
abnormalities

Gower’s sign (+)

11 Male 6 After birth 6 years No Weakness in all four extremities Upper extremities,  
Lower extremities

PFM, DMM Normal Myogenic damage Gower’s sign (+)  
Muscle atrophy

12 Female 17 Infants 15 years No Weakness in all four extremities,  
difficult to squat

Upper extremities,  
Lower extremities

PFM, FI, DMM Normal No abnormalities Muscle atrophy

13 Female 21 After birth 21 years Yes Weakness in all four extremities Upper extremities, Lower 
extremities, facial muscles,  

Neck muscles

PFM, FI, DMM,  
JD, JC

Normal Myogenic damage Muscle atrophy

14 Female 46 Childhood 43 years Yes Weakness in all four extremities Upper extremities, Lower 
extremities, facial muscles,  

Neck muscles

FI, DMM ND ND Muscle atrophy

15 Female 16 After birth 16 years Yes Weakness in all four extremities Upper extremities, Lower 
extremities, facial muscles, 

Neck muscles

PFM, FI,  
DMM, JD

ND ND Muscle atrophy

16 Male 9 Infants 7 years No Weakness in bilateral lower extremities,  
fall down easily

Lower extremities DMM, Lo, Jc Mild elevation No abnormalities Gower’s sign (+)

17 Male 5 Infants 3 years No Weakness in all four extremities Upper extremities,  
Lower extremities

PFM, DMM Normal No abnormalities No

18 Male 14 Childhood 10 years No Weakness in bilateral lower extremities,  
fall down easily

Lower extremities DMM, PA, Lo Significant  
elevation

No abnormalities Muscle atrophy
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Table 2. The clinical data of patients with central core disease (CCD) diagnosed in our hospital

No. Gender  Age  
(years old)

Onset  
stage

Course of  
disease

Family  
history Primary symptoms Affected area Accompan- 

ying symptom
Muscle  
enzyme EMG Others

1 Male 8 Childhood 5 years No Weakness in bilateral lower extremities Lower extremities,  
Neck muscles

No Mild elevation No characteristic change Gower’s sign (+)

2 Female 12 Childhood 9 years No Weakness in bilateral lower extremities Lower extremities JD Normal Myogenic damage No

AIII2 Male 6 Infants 4 years Yes Weakness in all four extremities Upper extremities,  
Lower extremities,  

facial muscles,  
Neck muscles

DMM Mild elevation Myogenic damage Gower’s sign (+)

AIII1 Female 7 Childhood 4 years Yes Weakness in all four extremities Upper extremities,  
Lower extremities

Sc ND ND ND

BIII3 Female 27 Childhood 20 years Yes Weakness in bilateral lower extremities Lower extremities No Normal Myogenic damage No

BI2 Female 75, deceased Childhood 70 years Yes Weakness in bilateral lower extremities Lower extremities ND ND ND ND

BII2 Female 60 Childhood 55 years Yes Weakness in bilateral lower extremities Lower extremities ND ND ND ND

BII3 Female 55 Childhood 50 years Yes Weakness in bilateral lower extremities Lower extremities ND ND ND ND

BIII2 Female 29 Childhood 26 years Yes Weakness in bilateral lower extremities Lower extremities No ND ND ND

BIII4 Male 25 Childhood 21 years Yes Weakness in bilateral lower extremities Lower extremities No ND ND ND

BIV1 Female 8 Childhood 5 years Yes Weakness in bilateral lower extremities Lower extremities No ND ND ND

CIII5 Male 32 Childhood 29 years Yes Weakness in bilateral lower extremities Lower extremities Sc Normal Myogenic damage No

CI1 Male 80, deceased Childhood 72 years Yes Weakness in bilateral lower extremities Lower extremities ND ND ND ND

CII1 Female 60 Childhood 55 years Yes Weakness in bilateral lower extremities Lower extremities ND ND ND ND

CII5 Male 52 Childhood 52 years Yes Weakness in bilateral lower extremities Lower extremities ND ND ND ND

CII8 Male 50 Childhood 52 years Yes Weakness in bilateral lower extremities Lower extremities ND ND ND ND

CIII1 Female 38 Childhood 35 years Yes Weakness in bilateral lower extremities Lower extremities No ND ND ND

CIII3 Female 36 Childhood 33 years Yes Weakness in bilateral lower extremities Lower extremities No ND ND ND

CIII6 Female 30 Childhood 25 years Yes Weakness in bilateral lower extremities Lower extremities No ND ND ND

CIII12 Male 24 Infants 22 years Yes Weakness in bilateral lower extremities Lower extremities No ND ND ND

CIV1 Female 13 Childhood 9 years Yes Weakness in bilateral lower extremities Lower extremities PFM ND ND ND

CIV2 Female 12 Infants 10 years Yes Weakness in bilateral lower extremities Lower extremities JD, PA ND ND ND
PFM=Reduced Fetal Movement during Pregnancy; FI=Floppy Infant; JC=Joint Contractures; JD=Joint Dislocation; Sc=Scoliosis; Lo=Lordosis; PA=Arched Feet; DMM=Delayed Motor Development; ND=No relevant examination performed; Patient 
No. 13, 14, and 15 in Table 1 belong to the same family.
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Materials and methods

Patients

A total of 40 patients were included in this 
study. These patients were divided into two 
groups. Firstly, data of 18 patients with CCD in 
China was gathered from literature published 
from 1989 to 2013. The search for relevant 
Chinese literature was performed by using 
“central core disease” as the search term in the 
China National Knowledge Internet Database 
(CNKI), the Chinese Biomedical Disk Database, 
(CBM disc), Chinese Science and Technology 
Periodicals Database/VIP Full-text Database, 
and Wanfang Database. Clinical data such as 
clinical manifestations, course of disease, fam-
ily history, laboratory examinations, electromy-
ography (EMG) findings, and muscle pathologi-
cal changes was recorded in detail. Additionally, 
we gathered data on a total of 22 patients with 
CCD, either diagnosed clinically or confirmed by 
muscle biopsy, in our department from 1986 to 
2013. Consent to analyze the muscle biopsies 
and EMG was obtained in the out-patient clinic 
or during hospital admission for diagnostic 
investigation. This study was approved by the 
Chinese PLA General Hospital’s Institutional 
Review Board.

Clinical information and laboratory examina-
tion

Data collected from each patient included: 1) 
detailed personal history (age at onset, initial 
symptoms or signs, motor milestone delay, clin-
ical course and family history), 2) clinical pre-
sentations (distribution of muscle weakness 
and atrophy, progression pattern, cardiac or 
respiratory involvement, dysphagia, and men-
tal retardation), 3) dysmorphic features (pseu-
dohypertrophy, high arched palate and foot, 
elongated face, and spinal deformity), 4) labo-
ratory data (serum creatine kinase levels, EMG 
data, and nerve conduction velocity), and 5) 
muscle power (manual muscle testing).

Muscle biopsy and histochemical staining

After obtaining informed consent, patients from 
our department were subjected to muscle biop-
sies of the quadriceps, gastrocnemius, and 
biceps under local anesthesia. Muscle samples 
were frozen in isopentane cooled with liquid 
nitrogen immediately after removal and stored 

at -80°C. Transverseserial 5-μm frozen muscle 
sections were stained with standard histo-
chemical stains, which included hematoxylin 
and eosin (HE), modified Gomori trichrome 
(MGT), nicotinamide dehydrogenase tetrazoli-
um reductase (NADH-TR), non-specific ester-
ase (NSE), periodic acid shift (PAS) and Oil Red 
“O” (ORO), succinate dehydrogenase (SDH) and 
adenosine triphosphatase (ATPase, PH 4.3, 4.5 
and 10.8). Morphometric evaluation of the 
muscle specimens was performed under a light 
microscope (BX51; Olympus, Tokyo, Japan).

Electromyography

EMG and nerve conduction velocity tests were 
performed simultaneously using the EMG 
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 neu-
rologist observed and recorded the electrical 
activity while inserting the electrode. The bilat-
eral deltoid muscle, biceps brachii muscle, 
quadriceps femoris muscle, and anterior tibial 
muscle were assessed. Spontaneous signals 
from a muscle at rest were measured. Then, 
the patients were asked to contract muscle 
slightly. The shape, magnitude, and frequency 
of the motor-unit action potentials were record-
ed. In addition, the recruitment was recorded 
when the patients were asked to contract vigor-
ously. In the nerve conduction velocity test, 
small electric shocks were delivered to a nerve 
at fixed locations. Electric leads attached else-
where on the body picked up the electric signal, 
and the motor nerve velocity and sensory nerve 
velocity were recorded.

Results

Patient information

A total of 40 patients were included in this 
study, among which, 18 cases were reported in 
12 studies by 10 medical institutions in China. 
The main clinical data for these cases are 
shown in Table 1. Among these 18 patients, 13 
had sporadic CCD and 5 had familial CCD (from 
3 families, including the family members of 2 
patients without a muscle biopsy but with clear 
symptoms). There were a total of 22 cases from 
the Department of Neurology at the Chinese 
PLA General Hospital; the main clinical data are 
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shown in Table 2. Among these 22 patients, 2 
had sporadic CCD and 20 had familial (from 3 
families; the probands from each family were 
subjected to muscle biopsy and the rest of the 
family members with clear symptoms were 
included in this study, the pedigree is shown in 
Figure 1). There were a total of 20 men and 20 
women (male: female=1:1). There were 4 cases 
(10.26%) of onset at birth, 6 cases (15.38%) of 
infant-onset CCD, 27 (69.23%) of childhood-
onset CCD, and 2 cases (5.13%) of adult-onset 
CCD. The mean course of the disease was 
20.98±19.66 years.

Clinical characteristics

All patients had chronic, insidious CCD with a 
slow progression and a course ranging from 3 

months to 72 years. All patients, except 4 with 
congenital hip dislocation, were capable of 
walking independently. All patients experienced 
muscle weakness; among them, 27 patients 
(67.5%) experienced lower extremity weakness, 
13 (32.5%) experienced weakness in all four 
extremities, and none had weakness of only 
the upper extremities. All patients had symmet-
rical muscle weakness. In addition to weak-
ness of the extremities, there was 1 patient 
with affected extraocular muscles manifesting 
as mild eyelid ptosis; 4 patients with affected 
facial muscles manifesting as closed eyes and 
weak drum gills; and 6 patients with affected 
neck muscles, especially the neck flexors. 
There was no patient with affected bulbar mus-
cles. Among the 32 patients with complete per-
sonal history data, there were 13 patients 

Figure 1. The pedigree of 3 patients diagnosed with CCD at our hospital.
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(40.62%) with delayed motor development, 11 
patients (34.38%) with bone and joint deformi-
ties, 5 patients (15.63%) with reduced fetal 
movement during pregnancy, and 5 patients 
(15.63%) were born as floppy infants; there was 
no patient with respiratory insufficiency or men-
tal abnormalities. Among the 11 patients with 
bone and joint deformities, 3 had joint contrac-
tures, 4 had joint dislocation, 3 had scoliosis, 4 
had lordosis, 4 had foot deformities that mainly 
manifested as arched feet, and 1 had patellar 
instability. Besides, there was 1 patient with 
simultaneous occurrence of several types of 

bone and joint deformities. Among the 23 
patients with complete information on physical 
examinations, 10 (43.48%) had muscle atrophy 
that mainly involved the muscles of the limb-
girdle, proximal muscles, and thenar muscles, 
7 (30.43%) showed Gower’s sign, and 1 patient 
(4.35%) had a waddling gait. Except 2 patients 
with significantly elevated CK levels (up to 1419 
U/L and 2259 U/L), the remaining all had nor-
mal or mildly elevated CK levels. EMG findings 
mostly indicated no abnormalities or myogenic 
damage, in which 2 patients had nerve damage 
and 1 had mixed damages.

Figure 2. The pathological manifestations of central core disease (CCD) in China (A). A uniform eosinophilic mate-
rial can be mildly observed at the center of muscle fibers by hematoxylin and eosin (HE) staining (× 200). (B) An 
enlarged version of (A), uniform eosinophilic material can be clearly observed at the center of muscle fibers by HE 
staining (× 400). (C) An oxidase-deficient area, or core region with a very clear boundary can be observed in every 
muscle fiber by NADH staining (× 200). (D) The central oxidase-deficient area can be clearly observed in the muscle 
fibers by high-magnification microscopy (× 400). (E) NADH staining reveals the appearance of 3-core phenomenon 
in some of the muscle fibers (× 400). (F) A uniform structural area can be observed in detail at the center of muscle 
fibers by MGT staining (× 200). (G) The core region can also be observed in muscle fibers by Oil Red “O” (ORO) 
staining (× 200). (H) Periodic acid shift (PAS) staining shows that the core region at the center of muscle fibers is 
glycogen-deficient area (× 200). (I) Non-specific esterase (NSE) staining shows the staining status of core region at 
the center of muscle fibers (× 200).
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Muscle pathological changes

As shown in Figure 2, there were a total of 21 
patients with CCD (5 patients at our depart-
ment and 16 domestically reported patients) 
subjected to muscle biopsies for histochemical 
staining. The formation of uniform eosinophilic 
materials could be faintly observed at the cen-
ter of the muscle fibers on HE staining (Figure 
2A and 2B). NADH staining also clearly showed 
an oxidase-deficient, or core region with a clear 
boundary at the center of almost every muscle 
fiber (Figure 2C). The vast majority of the mus-
cle fibers had a single core (Figure 2D), but 
there were 3 patients showing muscle fibers 
with multiple cores (Figure 2E) while 2 patients 
manifested eccentric cores. Darker structural 
regions could be observed at the center of 
muscle fibers by MGT staining (Figure 2F). In 
addition, core regions could also be observed 
at the center of muscle fibers via ORO staining 
(Figure 2G). PAS staining showed that the core 
regions at the center of muscle fibers were gly-
cogen-deficient areas (Figure 2H). NSE staining 
showed deeply stained core regions at the cen-
ter of muscle fibers (Figure 2I). ATPase staining 
also showed that fibers with cores were mainly 
type I muscle fibers, but there were a total of 5 
patients with type II muscle fibers also involved. 
The number of muscle fibers with cores greatly 
varied; the fibers might be partially or fully 
affected. Eight out of 9 known patients had a 
predominance of type I muscle fibers while only 
1 patient had a predominance of type II muscle 
fibers. Except 3 patients with necrosis of mus-
cle fibers, there was no other patient with mus-
cle fiber necrosis and inflammatory cell infiltra-
tion, especially the 5 patients with CCD at our 
department who had no degeneration, necro-
sis, or phagocytosis of muscle fibers in the 
muscle tissue, and only had minor muscle fiber 
atrophy. Among the reported cases, a total of 7 
patients showed proliferation of connective tis-
sue between the muscles (myointimal) and the 
perimysium, or simultaneous proliferation in 
both tissues. However, a similar phenomenon 
was not observed in the patients at our 
department.

Discussion

Central core disease is a rare congenital myop-
athy that mainly associated with the mutation 
of RYR1 gene on chromosome 19. The diagno-
sis of CCD mainly relies on muscle biopsies, 

where it can be diagnosed based on a charac-
teristic core structure on muscle histochemical 
staining. In 2009 [13], a regional study by 
Norwood et al. in North England showed that 
the prevalence of CCD was 1:250,000. How- 
ever, epidemiological data on CCD in China are 
still unavailable. A total of 4666 patients under-
went muscle biopsy at our department from 
January 1986 to April 2013. Among them, 
patients with CCD accounted for 0.11% (5/ 
4666) of patients suspected with myopathy, an 
evidence of the rarity of the disease. However, 
discovery and identification of some asymp-
tomatic cases of CCD has indicated that the 
actual incidence of CCD might be higher than 
expected.

The current studies have confirmed that the 
clinical manifestations of CCD vary greatly, 
from clinically asymptomatic to inability to walk 
independently, and even fetal or infant deaths 
[14].

Onset of CCD mostly occurs during infancy 
without a gender preference. The classical clini-
cal manifestation of CCD is slowly progressive 
or non-progressive proximal limb weakness 
that always affects the hip muscles. Besides, 
CCD might mildly affect the facial and neck 
muscles, wherein lagophthalmos can some-
times be the only clinical manifestation. How- 
ever, the extraocular and bulbar muscles are 
often unaffected. In a study by Quinlivan et al. 
[14], 9 out of 11 patients with CCD had affect-
ed facial muscles. In another study by Jungbluth 
H et al. [15], 11 patients from 8 families had 
affected facial muscles. Furthermore, 21 pa- 
tients with CCD mentioned in the 89th Inter- 
national Symposium on CCD organized by the 
European Neuromuscular Disease Center had 
affected facial muscles. A study by Wu et al. on 
27 patients with CCD in Japan found only 3 
patients with affected facial muscles [2]. The 
first case of CCD reported in Korea had no 
involvement of facial muscles. In this study, 
there were only 4 patients (10%) with affected 
facial muscles, suggesting that Asians might 
have similar genetic characteristics.

Currently, it is controversial whether CCD is 
accompanied by affected extraocular muscles. 
Middleton et al. [16] believed that affected 
extraocular muscles should be an exclusion cri-
terion for CCD, but Romero et al. [17, 18] have 
reported patients with CCD having affected 
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extraocular muscles. At present, most reports 
suggest that the presence of affected extraoc-
ular muscles in patients with congenital myopa-
thy is more suggestive of multiminicore disease 
(MmD) [19-21]. In recent years, it has been 
found that the clinical manifestations of MmD 
and CCD caused by a mutated RYR1 gene are 
similar and share the same disease-causing 
gene, which has complicated the clinical diag-
nosis. Hence, the differential diagnosis of CCD 
and MmD should be the focus of future 
studies.

In this study, there were 13 patients (40.62%) 
with delayed motor development, 5 patients 
(15.63%) with reduced fetal movement during 
pregnancy, and 5 patients (15.63%) born as flo- 
ppy infants. It can be seen that CCD as a con-
genital myopathy is often accompanied by 
manifestations such as reduced fetal move-
ment during pregnancy, delayed motor develop-
ment, and low muscle tone at birth. No patient 
in this study had mental abnormalities.

Bone and joint deformities are common among 
patients with CCD [22], and sometimes, they 
are the only manifestation. The deformities 
mainly include congenital hip dislocation [23], 
spinal deformities, clubfoot, and flatfoot [24]; 
some patients also have serious ligamentous 
laxity with occasional patellar instability. Besi- 
des, several types of bone and joint deformities 
might occur simultaneously in one patient, sug-
gesting that in patients with familial muscle 
weakness and joint abnormalities the possibili-
ty of CCD should be considered.

Dubowitz et al. [25] believed that patients with 
CCD have no obvious muscle atrophy; however, 
in this study, 10 out of 23 patients (43.48%) 
with complete data of physical examinations 
had muscle atrophy, which mainly affected the 
limb-girdle muscles, proximal muscles, and 
thenar muscles. In addition to muscle atrophy, 
7 patients (30.43%) showed Gower’s sign and 
1 patient (4.35%) had a waddling gait. It can be 
seen that muscle atrophy and Gower’s sign are 
common signs of CCD.

Taken together, the clinical manifestations of 
CCD vary greatly with age of onset. Hence, the 
possibility of CCD should be considered in 
patients with spinal deformity, muscle weak-
ness with unknown reason, and multiple joint 
abnormalities [26].

The serum levels of muscle enzymes in patients 
with CCD are usually normal or mildly elevated, 
and occasionally elevated by 6- to 14-fold [27]. 
EMG findings are either normal or show myo-
genic damage with specific manifestations of 
nerve damage or mixed damages.

The classical core manifestations of CCD are 
the appearance of a single round- or oval-
shaped unstained area at the center of muscle 
fibers by oxidase staining [nicotinamide ade-
nine dinucleotide (NADH), succinate dehydroge-
nase (SDH), and cytochrome C oxidase (COX)]. 
A higher oxidation activity can also be occa-
sionally observed at the edge of the core, form-
ing the “edge” structure; the core penetrates 
throughout the muscle fibers vertically. The 
phenomenon of multiple cores and eccentric 
cores can also be observed in addition to the 
classical core structure. The enhancement of 
these non-classical cores might be associated 
with malignant hyperthermia in patients with-
out clear clinical symptoms. In our study, 
although a few patients with CCD showed mul-
tiple cores, they accounted for only 20%; most 
patients had a single core. It has been reported 
that the early pathological manifestation of 
CCD is the multiminicore alteration that later 
develops into the classical central core struc-
ture [28]. The overlapping clinical and patho-
logical manifestations, and shared disease-
causing gene have led to difficulties in the 
differential diagnosis of CCD and MmD.

In addition to oxidase staining, the core phe-
nomenon can also be observed via a good HE, 
MGT, NSE, PAS, or ORO staining. Other patho-
logical manifestations of CCD are irregular 
sizes of muscle fibers without necrosis or 
hyperplasia of muscle fibers, infiltration of 
inflammatory cells, and mild to moderate endo-
mysial fibrosis that might be associated with 
proliferation of adipose tissue and connective 
tissue, as well as occasional central nucleation. 
These pathological features are consistent with 
those reported in literature.

To date, the pathogenesis of CCD is still not 
very clear. Studies have shown that a mutation 
in the RYR1 gene alters the RYR1 protein struc-
ture, leading to uneven distribution of calcium 
ions in muscle fibers during muscle contrac-
tion, thereby resulting in the irreversible stretch 
and tear of muscle fibers [29, 30]. This can 
gradually develop into minicores and cores over 
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a long period of time, and lead to the progres-
sive degradation of contraction components in 
the muscles.

In conclusion, the clinical manifestations of 
CCD are non-specific and its diagnosis mainly 
relies on muscle histochemical staining, where 
the disease can be confirmed by the appear-
ance of round-and oval-shaped unstained 
areas with a clear boundary at the center of 
muscle fibers observed via oxidase staining. 
Meanwhile, genetic analysis will be necessary 
in the further study.
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