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Abstract: As a kind of congenital myopathy (CM), central core disease (CCD) is mainly characterized by low muscle tension, 

slow progressive or static proximal limb weakness. CM can be characterized by no symptoms to be unable to walk independently 

in the clinic, pathological changes can be manifested as only significant type 1 muscle fiber dominant type to typical central axial 

space structure, and there are also many genetic ways. Duchenne muscular dystrophy (DMD) is a common congenital myopathy, 

which is mainly manifested in the typical pathological changes of early progressive myasthenia and muscular dystrophy. Both 

CCD and DMD show similar clinical symptoms and their serum creatine kinase can be increased, which is often difficult to 

distinguish them through clinical characterization and laboratory examination. In this study, we report the clinical and genetic 

characteristics of two patients with progressive muscle weakness with elevated creatine kinase. They are the product of a 

first-cousin marriage and seek medical treatment due to asymptotic walking difficulties, muscle atrophy, joint contracture, 

scoliosis, and elevated creatine kinase levels. It was previously suspected as Duchenne muscular dystrophy. After that, the 

patient's DNA was sequenced by whole-exome sequencing (WES), and all coding regions were investigated. It was found that a 

new heterozygous missense mutation c.5092g > A in the RYR1 gene. Similar mutations have not been reported in the literature 

before. Bioinformatics software predicts that they have the possibility of pathogenesis, which is highly correlated with CCD. The 

purpose of this case is to report a new heterozygous mutation of the RYR1 gene, summarize the similarities and differences of 

clinical manifestations, genetic characteristics, and pathological changes of CCD and DMD, and provide a new idea for its 

differential diagnosis. 
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1. Introduction 

Congenital myopathy (CM) is a group of genetic 

hereditary myopathy, the clinical manifestations are varying 

degrees of muscle weakness and or hypotonia, and specific 

muscle fiber structure abnormalities are the pathological 

characteristics. The diagnosis of congenital myopathy is 

mainly based on characteristic clinical manifestations and 

pathological changes. 

Central core disease (CCD) is a kind of congenital 

myopathy (CM), which is mainly characterized by low 

muscle tension and slow or non-progressive proximal limb 

weakness [1-2]. CCD can be divided into three types (light, 

severe and classic) according to the severity of clinical 

manifestations. The onset period of each type is often different. 

Mild patients often come on after adulthood, with no obvious 

symptoms, or even no found symptoms, and only the hollow 

structure of the muscle fiber axis appears in muscle biopsy. In 

severe cases, symptoms often appear during the fetal period, 

fetal movement weakens during pregnancy, and even fetal 

death. After birth, the fetus is difficult to feed and has poor 

physical quality, which can be manifested as poor sucking, 

incomplete respiratory function, and backward motor 

development compared with children of the same age. Classic 

patients can show low muscle tone in infancy, that is, soft 

infants. In early childhood, it can be characterized by slow 

motor development, muscle weakness, late walking, poor 

running and jumping ability compared with peers, easy to fall, 

laborious climbing and descending stairs, etc. [3] 

The serum creatine kinase (CK) activity of CCD is usually 
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normal, but in some cases, it can be increased to 6 to 14 

times the normal value [4]. Due to the lack of mitochondria, 

in mitochondrial oxidase staining, the biopsy of CCD 

patients often shows the axial space structure with central or 

eccentric muscle fibers, single or multiple, and clear 

peripheral boundary [5].  

According to previous literature reports, more than 93% of 

CCDs are caused by type 1 ryanodine receptor (RYR1) gene 

mutation [6]. RYR1 is a ligand-gated release channel of 

calcium ions stored in the terminal pool and plays a key role 

in excitation contraction (e-c) coupling by regulating the 

level of intracellular calcium ions. The genotype-phenotype 

correlation associated with RYR1 gene mutation is complex. 

The CCD phenotype is closely related to the C-terminal 

(MHS / CCD region 3, amino acids 4550 – 4940) mutation of 

dominant RYR1 [4]. 

Duchenne muscular dystrophy (DMD) is a common 

congenital myopathy in the clinic, mainly characterized by 

early progressive myasthenia [7]. Serum creatine kinase (CK) 

in patients with DMD increased significantly in the early 

stage of the disease, often tens to hundreds of times higher 

than the normal value. In the last stage of the disease, 

because a large number of muscle fibers have been necrotic, 

the increase of muscle enzyme is not as significant as that in 

the early stage [8-9]. DMD is caused by the mutation of the 

dystrophin gene (DMD, site Xp21.2) on the X chromosome 

[10], and its characteristic pathological changes are mainly 

the pathological changes of muscular dystrophy and the 

deletion of dystrophin on the muscle fiber membrane [11]. 

Patients with CCD or DMD show a progressive walking 

difficulty, muscle weakness, and elevated creatine kinase, 

which makes the differential diagnosis of these two diseases 

more challenging. In this study, we reported the clinical and 

genetic characteristics of two patients with progressive 

muscle weakness with elevated creatine kinase, and 

summarized the similarities and differences of clinical 

manifestations, genetic characteristics, and pathological 

changes of CCD and DMD, to provide a new idea for their 

differential diagnosis. 

 
Figure 1. Family pedigree and gene screening results of patients. 

PRX: a heterozygous nonsense mutation c.2035c > t in PRX gene 

(nm_181882.2). It is considered that the patient's father and his second 

sister are carriers of PRX gene c.2035c > T and have no disease, so it is 

not considered that they are the pathogenic genes of patients 1 and 2. 

RYR1: heterozygous missense mutation c.5092g > A in RYR1 gene 

(nm_000540.2). Combined with the fact that two uncles (dead) of the 

patient had similar symptoms, their mother is the carrier of the missense 

mutation. It is considered that this mutation was the pathogenic gene of 

patients 1 and 2. 

Table 1. Clinical data. 

 physical examination Supplementary Examination 
Personal and family 

history 

Patient 1 

Both upper limbs muscles with MMT of grade 4; 

Both lower limbs muscles with MMT of grade3 -; 

Berg Balance Scale: 7 points; 

Holden Walking Ability Evaluation: grade 0; 

VAS score: 3 points; 

The modified Barthel Index: 20 points; 

Dysmetria on heel-to-shin testing; 

Romberg Sign: difficult to complete; 

Muscle tension, joint activity, and limb sensation were normal. 

Cranial nerve examination showed no abnormality, and 

pathological signs were not drawn out. 

2012 (10 years old): 

aspartate aminotransferase: 243u / L; 

lactate dehydrogenase: 996u / L; 

creatine kinase: 1707u / L, creatine kinase 

isoenzyme: 441u / L; 

There was no abnormality in cardiac color 

Doppler ultrasound, ECG and Chest X-ray; 

No deletion mutation or repeat mutation of the 

DMD gene exon was detected in the MLPA 

gene of Pseudohypertrophic muscular 

dystrophy (DMD / BMD). 

1. The motor 

development before 

onset was the same as 

that of normal 

children; 

2. Parents are cousins 

to each other; 

3. Two uncles (dead) 

had similar symptoms 

(Figure 1). 

Patient 2 

both upper limbs muscles with MMT of grade 4; 

the proximal end of both lower limbs muscles with MMT of 

grade3 +, and the distal muscles with MMT of grade3; 

Berg Balance Scale: 46 points; 

Holden Walking Ability Evaluation: grade V; 

VAS score: 0; 

The modified Barthel Index: 80 points; 

Dysmetria on heel-to-shin testing; 

Romberg Sign: difficult to complete; 

Muscle tension, joint activity, and limb sensation were normal. 

Cranial nerve examination showed no abnormality, and 

pathological signs were not drawn out. 

Biochemical results in 2016 (11 years old): 

Aspartate aminotransferase: 180u / L; 

Lactate dehydrogenase: 634u / L; 

Creatine kinase: 5359 U / L; Creatine kinase 

isozyme: 194 U / L;, 

α- Hydroxybutyrate dehydrogenase: 520u / L. 

Note: MMT: Manual Muscle Testing; VAS: Visual Analogue Scale/Score. 
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2. Case Presentation 

Patient 1, a 13-year-old male, went to the rehabilitation 

physiotherapy department for the first time in 2016 because 

of "progressive walking difficulty and poor sitting and 

standing position transfer for 3 years". His motor symptoms 

began at the age of 10, ranging from slight gait abnormalities 

to lower limb weakness, frequent falls, and he was unable to 

complete the transfer between bed and wheelchair, between 

wheelchair and toilet, and between sitting and standing 

positions alone. The results of the external examination 

showed that the serum creatine kinase was elevated, and the 

possibility of Duchenne muscular dystrophy (DMD) was 

considered. Patient 2 (younger brother), 11 years old, male, 

was treated with patient 1 because of "progressive walking 

difficulty for more than 1 year". The onset time and disease 

progression were the same as patient 1. The clinical 

manifestation of patient 2 was mild at the time of treatment. 

The transfer between bed and wheelchair, between 

wheelchair and toilet, and between sitting position and 

standing position can be completed independently at the time 

of treatment. Table 1 also shows other data. For prenatal 

consultation, the second sister of patient 1 went to the 

rehabilitation physiotherapy department in 2019. After 

signing the informed consent, 3ml of peripheral blood of 

patients 1 and 2 and their families (two sisters and their 

parents) were collected for whole exon trio family samples. 

RYR1 gene (nm_000540.2) was detected in patients 1 and 2 

and their mothers, Heterozygous missense mutation c.5092g > 

A was detected (Figure 1), and no similar mutation was 

reported in the literature. Bioinformatics software predicted 

that it had the possibility of pathogenesis, which was highly 

correlated with CCD. 

3. Discussion 

3.1. Clinical Manifestation 

Both CCD and DMD exhibit muscle weakness, leading to 

symptoms such as scoliosis, abnormal gait, and joint 

contractures. CCD shows static or slow muscle weakness, 

mainly involving the proximal limbs. The symptoms of the 

lower limbs are more serious than those of the upper limbs, 

mainly involving the pelvic belt muscles and trunk muscles 

[3]. Most patients can walk independently, and the overall 

prognosis is good. CCD patients are often complicated with 

orthopedic complications, such as congenital dislocation of 

the hip joint, posterior process of the spine, joint contracture, 

and arcuate foot [12]. Some patients are accompanied by 

facial muscle weakness, and a few will have focal weight 

loss [13], but there are few cardiac and intellectual 

involvement [4]. The serum creatine kinase (CK) activity of 

CCD is usually normal, but in rare cases, it can be increased 

to 6 to 14 times the normal value [4]. Serum creatine kinase 

(an important indicator of DMD) is often significantly higher 

than normal by tens to hundreds of times. The two patients in 

this report started at about 10 years old, manifested as 

weakness of both lower limbs and abnormal gait, and finally 

developed into the inability to walk independently, muscle 

atrophy, scoliosis, etc. Combined with the increase of serum 

creatine kinase and creatine kinase isozyme, they were 

suspected to be Duchenne muscular dystrophy (DMD). 

However, DMD patients are more than 3-5 years old, show 

progressive muscle weakness, lose walking ability more than 

12 years old, and respiratory, orthopedic, and cardiac 

complications will also occur at the same time or later [10]. 

Neurocognitive impairment is also common [6, 14]. In this 

case, two patients had a late-onset and slow progress of 

muscle weakness. Both of them had no symptoms of the 

respiratory system and cardiac system, and their 

neurocognitive function was intact, which was not 

completely consistent with the performance of DMD. 

3.2. Genetic Inheritance 

CCD is caused by the mutation of the ryanodine receptor 

(RYR1) gene on chromosome 19. Most of them are 

autosomal dominant inheritance, but there are also a few 

reports of sex chromosome and autosomal recessive 

inheritance [4]. RYR1 encodes a calcium ligand-gated release 

channel in the terminal pool. Mutation-induced 

conformational changes of RYR1 protein are considered to 

change the excitability of muscle cells [15]. DMD is caused 

by a mutation in the dystrophin gene located on the X 

chromosome. Nearly 80% of DMD patients have a deletion 

(about 60% - 65%) or duplication (5% - 15%) of dystrophin 

gene exon due to large gene rearrangement, and 

approximately 20% of patients have point mutations caused 

by single base changes or small mutations caused by the 

insertion or deletion of one or more nucleotides. These 

mutations lead to the lack of sub osteoprotegerin crucial to 

the stability of muscle structure, resulting in progressive 

muscle degeneration [10]. RYR1 gene exists in two patients 

and their mothers in this report (nm_000540.2) heterozygous 

missense mutation c.5092g > A, no DMD gene mutation was 

detected, which was inconsistent with the diagnosis of DMD 

and CCD. 

3.3. Pathological Features 

The typical change of muscle biopsy in CCD patients is 

that there is a single axial space structure in the central area 

of muscle fibers under histochemical staining, or multiple 

central axial spaces or eccentric axial spaces. Occasionally, 

it can only show significant dominant or uniform type 1 

muscle fibers and poor maintenance of type 1 muscle fibers 

[4]. Muscle biopsy in patients with DMD mainly showed 

the typical pathological changes of muscular dystrophies, 

such as different muscle fiber sizes, active muscle fiber 

necrosis and regeneration, connective tissue hyperplasia, 

and so on. In addition, if the muscle anti-dystrophin-n, - R, - 

C monoclonal antibody immunohistochemical staining 

indicates that the anti dystrophin is completely absent in the 

muscle fiber membrane, DMD can be diagnosed [7, 11]. It 
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should be noted that the degree of histopathological changes 

may vary with sampling site, patient age, and course of the 

disease. In 2017, Minting Lin reported that a CCD patient 

underwent muscle biopsy at the age of 16 without typical 

central axial space structure and was diagnosed as "facial 

shoulder brachial muscular dystrophy (FSHD)". However, 

when the muscle biopsy was performed again at the age of 

31, there was a typical central axial space structure on type 

I muscle fibers, suggesting that the pathological changes of 

CCD muscle may change with the progress of the disease 

[16]. In addition, the typical pathological changes of CCD 

and the central axial space structure can also be observed in 

other clinical environments such as tenotomy, denervation 

("target fiber") [17], or malignant high fever susceptible 

individuals without other congenital myopathy 

characteristics [18]. Therefore, the muscle biopsy results of 

suspected CCD patients should be treated dialectically in 

combination with the course of the disease and clinical 

manifestations. 

4. Conclusions and Expectations 

Patients with CCD and DMD can have similar clinical 

symptoms and elevated serum creatine kinase, which is 

difficult to be distinguished by clinical characterization and 

laboratory examination. However, CCD, as a benign 

congenital disease, progresses slowly, and there are few 

diseases of the respiratory system, cardiovascular system, 

and neurocognition. In addition, the pathological changes and 

pathogenic genes of CCD and DMD are also different. It 

should be noted that the pathological changes of CCD may 

vary according to the sampling site, patient age, course of the 

disease, and sampling technology. In addition, the 

characteristic pathological changes do not correspond to 

CCD one by one. Therefore, in clinical work, it is necessary 

to strengthen the understanding of CCD and a series of 

congenital myopathy, and comprehensively analyze the 

clinical manifestations, serum related muscle enzyme 

examination indexes, second-generation sequencing results, 

and pathological examination, to avoid relying too much on a 

certain result and leading to misdiagnosis. 

Because some individuals with suggestive clinical features 

and the same genetic background do not necessarily show 

characteristic histopathological features, the differential 

diagnosis between CM is more difficult. It may be an 

important direction for the diagnosis and differential 

diagnosis of CM in the future to routinely sequence the 

whole exon genes of the whole family, establish a complete 

gene and disease phenotype corresponding library, and 

explore the relationship between protein structure 

abnormalities and function caused by a gene mutation. 

Funding 

This work was partly supported by the Key Realm R&D 

Program of Guangdong Province (2018B030332001). The 

funding agency has no role in the design of the study and 

collection, analysis, and interpretation of data. 

 

References 

[1] Dubowitz, V., & Roy, S. (1970). Central core disease of muscle: 
clinical, histochemical and electron microscopic studies of an 
affected mother and child. Brain: a journal of neurology, 93 (1), 
133–146. https://doi.org/10.1093/brain/93.1.133 

[2] Merlini, L., Mattutini, P., Bonfiglioli, S., & Granata, C. (1987). 
Non-progressive central core disease with severe congenital 
scoliosis: a case report. Developmental medicine and child 
neurology, 29 (1), 106–109. 
https://doi.org/10.1111/j.1469-8749.1987.tb02114.x 

[3] Liu Jie, Liu Li, He Yingzhong & Wang Jiwen. (2018). The 
diagnostic value of second-generation sequencing for central 
axis disease: a report of 1 case. Journal of Clinical Pediatrics 
(07), 541-544. doi: CNKI: SUN: LCAK.0.2018-07-021. 

[4] Jungbluth H. (2007). Central core disease. Orphanet journal of 
rare diseases, 2, 25. https://doi.org/10.1186/1750-1172-2-25 

[5] Quinlivan, R. M., Muller, C. R., Davis, M., Laing, N. G., 
Evans, G. A., Dwyer, J., Dove, J., Roberts, A. P., & Sewry, C. 
A. (2003). Central core disease: clinical, pathological, and 
genetic features. Archives of disease in childhood, 88 (12), 
1051–1055. https://doi.org/10.1136/adc.88.12.1051 

[6] Maggi, L., Scoto, M., Cirak, S., Robb, S. A., Klein, A., Lillis, 
S., Cullup, T., Feng, L., Manzur, A. Y., Sewry, C. A., Abbs, S., 
Jungbluth, H., & Muntoni, F. (2013). Congenital 
myopathies--clinical features and frequency of individual 
subtypes diagnosed over a 5-year period in the United 
Kingdom. Neuromuscular disorders: NMD, 23 (3), 195–205. 
https://doi.org/10.1016/j.nmd.2013.01.004 

[7] Suneja, B., Suneja, E. S., Adlakha, V. K., & Chandna, P. 
(2015). A Rare Case Report of Neurodegenerative Disease: 
Duchenne Muscular Dystrophy in Two Male Siblings. 
International journal of clinical pediatric dentistry, 8 (2), 163–
165. https://doi.org/10.5005/jp-journals-10005-1306 

[8] Ana Camacho Salas. (2014). Distrofia muscular de Duchenne. 
Anales de pediatria continuada (2), doi: 
10.1016/S1696-2818(14)70168-4. 

[9] Bushby, K., Finkel, R., Birnkrant, D. J., Case, L. E., Clemens, 
P. R., Cripe, L., Kaul, A., Kinnett, K., McDonald, C., Pandya, 
S., Poysky, J., Shapiro, F., Tomezsko, J., Constantin, C., & 
DMD Care Considerations Working Group (2010). Diagnosis 
and management of Duchenne muscular dystrophy, part 1: 
diagnosis, and pharmacological and psychosocial management. 
The Lancet. Neurology, 9 (1), 77–93. 
https://doi.org/10.1016/S1474-4422(09)70271-6 

[10] Nascimento Osorio, A., Medina Cantillo, J., Camacho Salas, 
A., Madruga Garrido, M., & Vilchez Padilla, J. J. (2019). 
Consensus on the diagnosis, treatment and follow-up of 
patients with Duchenne muscular dystrophy. Consenso para el 
diagnóstico, tratamiento y seguimiento del paciente con 
distrofia muscular de Duchenne. Neurologia (Barcelona, 
Spain), 34 (7), 469–481. 
https://doi.org/10.1016/j.nrl.2018.01.001 

[11] Chen Yinhong, Wang Xiaojing, Shen Hongrui & Hu Jing. 
(2013). Duchenne Muscular Dystrophy and Genetic 
Counseling. Clinical Collection (05), 590-592. doi: 
CNKI:SUN:LCFC.0.2013-05-042. 



242 Wanting Li et al.:  Central Core Disease - A Disease That Is Easily Misdiagnosed as Duchenne Muscular Dystrophy  

 

[12] Lawal Tokunbor A, Todd Joshua J & Meilleur Katherine 
G.(2018). Ryanodine Receptor 1-Related Myopathies: 
Diagnostic and Therapeutic Approaches. Neurotherapeutics: 
the journal of the American Society for Experimental Neuro 
Therapeutics (4), doi: 10.1007/s13311-018-00677-1. 

[13] Dubowitz, V., & Platts, M. (1965). Central core disease of 
muscle with focal wasting. Journal of neurology, neurosurgery, 
and psychiatry, 28 (5), 432–437. 
https://doi.org/10.1136/jnnp.28.5.432 

[14] Cotton, S., Voudouris, N. J., & Greenwood, K. M. (2001). 
Intelligence and Duchenne muscular dystrophy: full-scale, 
verbal, and performance intelligence quotients. 
Developmental medicine and child neurology, 43 (7), 497–501. 
https://doi.org/10.1017/s0012162201000913 

[15] Lanner, J. T., Georgiou, D. K., Joshi, A. D., & Hamilton, S. L. 
(2010). Ryanodine receptors: structure, expression, molecular 
details, and function in calcium release. Cold Spring Harbor 
perspectives in biology, 2 (11), a003996. 
https://doi.org/10.1101/cshperspect.a003996 

[16] Lin Minting, Chen Haizhu, Lin Xiaodan, He Junjie, Xu 
Guorong, Wang Ning & Wang Zhiqiang. (2017). Clinical, 
pathological, imaging, and genetic analysis of 2 cases of 
central axis disease with different inheritance. Chinese Journal 
of Nervous and Mental Diseases (09), 513- 519. doi: 
CNKI:SUN:ZSJJ.0.2017-09-001. 

[17] ENGEL W. K. (1961). Muscle target fibres, a newly 
recognized sign of denervation. Nature, 191, 389–390. 
https://doi.org/10.1038/191389a0 

[18] Barone, V., Massa, O., Intravaia, E., Bracco, A., Di Martino, A., 
Tegazzin, V., Cozzolino, S., & Sorrentino, V. (1999). Mutation 
screening of the RYR1 gene and identification of two novel 
mutations in Italian malignant hyperthermia families. Journal 
of medical genetics, 36 (2), 115–118. 

 
 

 


