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INTRODUCTION

Congenital muscular dystrophy (CMD) spans a broad category of childhood-onset genetic 
muscle diseases that typically manifest in varying degrees of progressive muscle weakness, 
floppiness, and delayed motor milestones with no definite cure. The reported prevalence rates of 
CMD population studies range from 0.017/100,000 to 2.5/100,000.[1-3] However, CMD subtypes 
express remarkable diversity regarding clinical presentation, causative genetic mutations, muscle 
immunostaining, brain MRI findings,[4-6] muscle MRI findings,[7] especially whole-body muscle 
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MRI,[8,9] associated cardiomyopathy,[10] and abnormalities in 
serum creatine kinase levels.[11] The classification of CMD 
is evolving due to the expanding and complex genotype-
phenotype correlations. Congenital muscular dystrophies 
can be classified according to the type of structural muscle 
protein deficiency, causative gene mutation, and resultant 
phenotype/clinical profile. Broadly, the CMD classification 
includes (A) Laminin alpha-2 (LAMA2) or early-onset LAMA2-
related CMD. Since LAMA2 isoform consists of chains α2, β1, 
and γ1, it is also labeled (laminin-211). Pathogenic mutations 
in the LAMA2 gene cause early-onset LAMA2-related CMD. 
It was formerly known as merosin-deficient CMD type  1A 
and (B) alpha dystroglycan (DG)-related dystrophies. 
Pathogenic mutations in an array of genes – individually 
or in combination – cause Walker–Warburg syndrome, 
Fukuyama CMD, and muscle-eye-brain disease, among others 
and (C)  Collagen VI-related dystrophies/CMD. Pathogenic 
mutations in COL6A1, COL6A2, and COL6A3 genes cause 
severe Ullrich, intermediate, and Bethlem CMD subtypes.[11-13] 
Miscellaneous subtypes of CMD include rigid spine syndrome 
or SEPN1-related myopathy caused by pathogenic mutations 
in the SEPN1 gene (SELENON; 606210). Lamin A/C (LMNA) 
or LMNA-related CMD is caused by pathogenic mutations in 
the LMNA gene.[14-18] This subtype belongs to a broader group 
known as laminopathies, which includes Emery-Dreifuss 
muscular dystrophy[14,19] and limb-girdle muscular dystrophy 
type 1B.[14] Marked cardiopulmonary insufficiency can occur 
in CMD.[12,20]

The CMD children share clinical manifestations common 
to all CMD subtypes, namely, neonatal or infantile muscle 
weakness, hypotonia, decreased spontaneous movements, and 
developmental motor delay. Disease progression eventually 
results in generalized contractures of the extremities and 
spine and compromised quality of life.[12,13,20] Conversely, 
certain disease-specific features can help differentiate the 
CMD subtypes. For example, the universal presence of white 
matter changes on the T2 signal of brain MRI with or without 
associated neurological manifestations[4,6,21] and the recent 
introduction of a characteristic disease signature on whole-
body muscle MRI[8,9] can serve as valuable clues to the diagnosis 
of early-onset LAMA2-related CMD. However, overlapping 
and atypical clinical presentations of CMD subtypes[12,13,20] 
and other childhood-onset genetic muscle diseases such as 
congenital myopathies[20,22] can cause diagnostic challenges. 
For example, L-CMD and Emery-Dreifuss muscular 
dystrophy[15-18] should be strongly considered in the differential 
diagnosis of early-onset LAMA2-related CMD. In this respect, 
their presenting motor and orthopedic manifestations, disease 
severity, and prognosis bear a considerable resemblance to 
early-onset LAMA2-related CMD.[23,24]

Unlike Duchenne muscular dystrophy,[25-27] the orthopedic 
manifestations and outcomes of CMD subtypes have 

neither been widely researched nor precisely characterized 
in the literature.[23,28,29] Further, accurate characterization 
of orthopedic manifestations in CMD subtypes and their 
differential diagnosis may help resolve unexplained genotype-
phenotype correlations respecting overlapping clinical 
presentations, novel genes or multiple gene associations with 
disease, single gene association with multiple diseases, and 
clinically typical cases with negative genetic testing.[14,15,30,31] 
We assumed that delineating the pattern of orthopedic 
involvement in various CMD subtypes can improve 
diagnostic accuracy and provide treating physiatrists, physical 
therapists, and orthopedic surgeons with valuable clues as to 
what muscle groups one should prioritize in the treatment 
plan and what treatment endpoints should one aim at and 
so forth. This topic has not been addressed previously in the 
literature. This scoping review aimed to screen the current 
literature on CMD children and adolescents, respecting the 
extent and precision of reporting orthopedic manifestations 
and its appropriateness in informing clinical practice and 
research.

MATERIAL AND METHODS

Identifying research questions

This scoping review was carried out in accordance with the 
guidelines of the PRISMA extension for scoping reviews.[32,33] 
The goal of this scoping review was broken down into three 
research subquestions, namely;
1) How often are orthopedic manifestations reported in 

publications on CMD children and adolescents?
2) How precise is the reporting of the orthopedic 

manifestations, for example, completeness and accuracy?
3) How appropriate is it in informing clinical practice and 

research?

The above specifics of reporting orthopedic manifestations 
were weighed against the standard components of orthopedic 
examination whenever applicable. That is history-taking 
and orthopedic couch examination with special emphasis 
on deformity/contracture characteristics. Gait analysis 
and motor development were not directly targeted. For 
clarity, the terms orthopedic manifestations and orthopedic 
deformities/contractures will often be used synonymously 
across the manuscript.

Search strategy

We searched the publications in MEDLINE through PubMed 
advanced search builder https://pubmed.ncbi.nlm.nih.gov/
advanced/#. We performed the initial search in November 
2021, and an additional search was performed on April 23, 
2022 before manuscript submission to ensure the identified 
literature was up to date. The age filter was set to child: 
Birth-18 years and species set to humans. We did not include 
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additional search filters. Our search strategy comprised 
phrases, index words, and Medical Subject Headings 
pertinent to pathology, that is, CMD subtypes. We used the 
following words to indicate the three main CMD subtypes: 
CMD, Walker-Warburg syndrome, LAMA2, merosin, 
Bethlem, and Ullrich. We used other words in separate 
searches to indicate the miscellaneous and less common 
CMD subtypes, namely, rigid spine syndrome, SEPN1-related 
myopathy, LMNA-related CMD, and laminopathies. The 
search objective was mainly focused on recall. We screened 
the titles and abstracts of the initially identified articles. After 
making necessary omissions, we assessed the remaining 
articles for potential inclusion.

Moreover, we obtained the full text of the final included 
articles [Supplementary File S1]. A flowchart of the literature 
extraction process is shown [Figure  1]. We checked the 
reference lists of the relevant articles and reviews for additional 
eligible articles. We manually checked similar articles and 
cited by functions regarding these relevant articles.

Eligibility criteria

Articles were included if they represented original/primary 
research and addressed orthopedic manifestations in any 

subtype of CMD in a descriptive or intervention (surgical 
or non-surgical) setting. To be included, the article needed 
to focus clearly on reporting the clinical orthopedic 
examination/manifestations as one of the study objectives. 
This can occur solely or among other clinical manifestations. 
Simple/broad or binary referral to the presence or absence 
of orthopedic manifestations was not included in the 
analysis. This scoping review was primarily exploratory and 
descriptive regarding the evidence for reporting orthopedic 
manifestations. Thus, we considered all study designs, for 
example, (longitudinal vs. cross-sectional/prospective vs. 
retrospective) and all research types (case reports vs. case 
series) eligible for inclusion. Articles were also included if 
they investigated CMD exclusively or as a constituent of a 
larger cohort of genetic muscle diseases. We excluded non-
peer-reviewed material, experimental or preclinical articles, 
and those reporting exclusively on genetic muscle diseases 
other than CMD as congenital myopathies.

Data extraction and synthesis of results

We extracted elementary data elements, namely, study designs 
and research types, patient populations (CMD subtype), 
and authors’ disciplines of included articles. In this regard, 

Figure  1: Flowchart of the literature extraction process. An updated search was performed before 
manuscript submission to ensure the identified literature was current. Detailed description of 
excluded articles with reasons can be found in Supplementary File S1.
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we were particularly interested in identifying authors or co-
authors in the discipline of musculoskeletal/orthopedics, 
namely, rehabilitation physicians, physiotherapists, orthotists, 
and orthopedic surgeons. In addition, we extracted data 
pertaining to the research questions, namely, (1) frequency 
and nature of reporting, which included qualitative or 
categorical reporting or quantitative as goniometric 
joint measurements, etc., (2) precision, which included 
completeness and accuracy of reporting of orthopedic 
manifestations, and (3) appropriateness in informing 
clinical practice and research. The authors performed a 
pilot test on screening the titles and abstracts of the initially 
identified articles and another on data extraction/charting 
of the included full-text articles. Disagreements between 
authors were settled by joint meetings. The final review 
and charting of the above data items were performed by 
author TAE, whereas the rest of the authors verified the data 
extraction/charting. We did not critically appraise the sources 
of evidence – articles – included in this scoping review.

RESULTS

Characteristics of sources of evidence

The 100 final articles included peer-reviewed descriptive 
observational research, namely, case reports of one or two 
patients, 47 (47%) articles or case series of affected families or 
unrelated patients, and 53 (53%) articles. The diagnosis was 
verified with the aid of genetic analysis and/or muscle biopsy 
immunostaining supplemented by clinical presentation 
and brain MRI or neuromuscular electrophysiological 
investigations.

Results of individual sources of evidence

The initial search for the three main CMD subtypes and the 
two additional searches for LMNA-related CMD, a subtype 
of laminopathies and SEPN1-related myopathies/CMD or 
rigid spine syndrome identified 830 articles, and the titles 
and abstracts of which were screened for any irrelevant 
articles. Following the exclusion of 501 irrelevant articles, 
329 remaining ones were assessed for eligibility criteria. 
Additional articles were excluded with reasons (n = 255) either 
due to the clinical content, and consequently, the orthopedic 
was absent or near absent as a study objective, for example, 
focused on genetic analysis, muscle biopsy/immunostaining, 
or muscle/brain MRI features and so forth or because the 
articles were primarily focused on a specific non-orthopedic 
clinical parameter, for example, cardiac, anesthetic 
complications or because the article’s clinical orthopedic 
content was not reported as per eligibility criteria, either 
solely or as one of the constituents of clinical manifestations, 
among other reasons [Supplementary File S1and S2]. These 
latter exclusions necessitated retrieval and investigation 

of the full-text articles, six of which were irretrievable. 
Among the latter exclusions were five articles that reported 
negative/absent orthopedic manifestations. Although this 
was deemed adequate reporting, they did not technically 
allow for evaluation of the precision of reporting. Fifteen 
more articles were added through manual search, as they 
fit the inclusion criteria. Thus, the final number of included 
articles in the current review was 100.[14,23,28,34-130] Of the 
100 articles, two[95,96] were captured through an additional 
search performed on April 23, 2022, before manuscript 
submission to ensure the identified literature was up to date 
[Supplementary File S1]. Another nine articles[122-130] were 
captured through another pre-submission-focused search 
performed on May 19, 2022 [Supplementary File S1]. The 
latter complementary search was intended specifically to 
enhance the recall of articles on Walker-Warburg syndrome 
(alpha DG  -related CMD). The total number of patients 
enrolled in these articles was 1078, distributed as follows: 
LAMA2-related CMD 399  (37%) patients, collagen VI-
related CMD 132  (12%), alpha DG  -related CMD 75  (7%), 
SEPN1-related rigid spine CMD/syndrome 196  (18%), 
and LMNA-related CMD 276  (26%). A  flowchart of the 
literature extraction process is shown in Figure  1. Of the 
final included articles, 94  (94%) addressed clinical – non-
surgical – orthopedic aspects of CMD, and 6 (6%) addressed 
orthopedic surgical interventions.[35-37,73,84,110] Only 26  (26%) 
of articles included authors affiliated to musculoskeletal 
disciplines, medicine or surgery; orthopedic surgery 18 
articles,[28,35-37,39,40,42,48,53,73,84,87,104,105,110,117,119,125] rehabilitation 
medicine/therapy 7,[44,83,91,94,97,103,112] and kinetic therapy 1.[43]

Synthesis of results

Data items and extraction (charting) of included articles are 
shown in [Supplementary Tables S1-3] per CMD subtype. 
Overall, there seems to be a fairly consistent pattern of 
orthopedic manifestations for most of the CMD subtypes 
[Figure  2]. Most of the 329 articles retrieved for eligibility 
assessment were excluded 255  (77.5%) despite being 
pertinent to clinical research on CMD. The full text of the 
final included articles was searched for precision in reporting 
orthopedic manifestations (deformities or contractures) 
in CMD regarding anatomic localization of deformities, 
severity grading, symmetry, range of motion features, age 
at onset and course of deformity, and additional relevant 
information. The majority of included case series articles did 
not report orthopedic contractures in a correlative manner, 
namely, correlations between orthopedic contractures on 
the one side and patient’s genotype, distribution and onset 
of muscle weakness/wasting, general motor function, and so 
forth on the other side. There were notable exceptions.[14,87,94] 
Although many of the included articles reported the overall 
disease progression and anatomic distribution of muscle 
weakness, few reported the progression and distribution of 
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orthopedic contractures particularly. There were notable 
exceptions.[23,94] The overall orthopedic indicators of CMD 
subtypes are shown in Figure  2. A  proposed flowchart for 
comprehensive eporting of orthopedic deformities in CMD 
children is presented in Figure 3. We successfully contacted 
the authors of the included articles[111] to retrieve relevant 
supplementary files, which were inaccessible in the PDF 
versions. We unsuccessfully contacted the authors of an 
eligible yet excluded article[131] to retrieve supplementary files, 
which contained the clinical spectrum of alpha DG -related 
CMD in a large cohort of Chinese patients.

DISCUSSION

The fact that the vast majority of articles retrieved for eligibility 
assessment were excluded despite being pertinent to clinical 
research on CMD denotes that orthopedic manifestations in 
CMD are underreported both quantitatively and qualitatively. 
That is, these articles did not contain clinically meaningful 
or important orthopedic content to warrant investigation. 
The final articles included in our study (21.5%) yielded 
various qualities of reporting orthopedic manifestations. 
For example, articles on collagen VI CMD, Ullrich subtype 
reported a fairly consistent and characteristic pattern 
of orthopedic manifestations. A  notable example is the 
characteristic coexistence of large/proximal joint contractures 
and small/distal joint laxity in these patients.[38-40,42,45] A 
similarly characteristic pattern of orthopedic manifestations 

was reported in a large cohort of LAMA2-related CMD, 
which established in addition genotype/orthopedic-type 
correlations[87] among others.[28,94] Additional emerging 
characteristic orthopedic patterns were demonstrated in 
large cohorts of SEPN1-related subtypes of CMD or rigid 
spine syndrome[97] and LMNA-related CMD.[112,113] Such an 
orthopedic signature could serve as a valuable and handy 
clinical differential diagnostic aid, especially if established 
in other subtypes of CMD. Orthopedic manifestations, 
particularly the chronological order of appearance of joint 
contractures, symmetry/laterality and degree of rigidity, need 
accurate reporting. For example, early appearance of elbow 
contractures was found to be a potentially useful diagnostic 
sign in patients with Emery-Dreifuss muscular dystrophy, in 
contrast to LMNA-related CMD and limb-girdle muscular 
dystrophy type  1B where they appeared late in the disease 
course[114,115,117] and so forth. The favorable intermediate-term 
surgery outcomes for spinal deformities secondary to CMD 
may prove to be another valuable decision-making tool and 
an indicator of responsiveness to orthopedic surgery.[35-37,73,84]

Orthopedic manifestations of neuromuscular diseases

The motor and orthopedic manifestations of genetic 
neuromuscular diseases are valuable clinical tools 
allowing for refinement of differential diagnosis,[132,133] 
identification of age-  and disease-specific orthopedic 
and rehabilitation treatment endpoints,[29,134-137] informed 

Figure 2: Graphical abstract image: General orthopedic indicators of congenital muscular dystrophy 
(CMD) subtypes. Indicators are based on the best available evidence and are not necessarily 
all-inclusive or pathognomonic. Collagen VI-related CMD indicators are most applicable to the 
Ullrich subtype.
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surgical decision-making,[138] and assessment of efficacy of 
experimental therapeutics and improvement of clinical trial 
designs.[139] For example, emerging evidence suggests that 
familiarity with orthopedic manifestations can help in the 
differential diagnosis of Charcot-Marie-Tooth subtypes and 
related genetic polyneuropathies[132] and fascioscapulohumeral 
muscular dystrophy[133] and guide their orthopedic and 
rehabilitation management plans. Additional studies 
underscored the importance of orthopedic manifestations 
to the surgical decision-making in myotonic dystrophy[140] 
and to the monitoring of enzyme replacement therapy in 
early-onset Pompe disease.[137,141] The accurate description 
of the orthopedic manifestations of CMD subtypes[28,38-40] 
is particularly important to low-resource countries where 
diagnosis and subsequent referral to specialized centers 
depend highly on the physician’s clinical judgment.[142]

Although experimental research on CMD subtypes is 
promising,[143-147] early diagnosis can facilitate supportive 
and system-specific management per recommended disease 
standards of care.[12,148] Relatedly, neglected spine deformities can 
accentuate cardiac[21,149-151] and pulmonary[20,152] complications.

Strengths and limitations

The strength of our study is that it mapped an underreported 
yet central feature in CMD children, namely, orthopedic 
manifestations.[148,149,153-156] Accurate and systematic reporting 
can provide valuable insights into the mechanisms of disease 
causation of the wide mutation/variant spectrum CMD 

subtypes. It can also establish correlative relationships 
between gene variants and the diverse phenotype 
presentations of CMD subtypes and similar genetic muscle 
diseases with result improvement in the genetic/molecular 
diagnostic yield.[22,30,31,157] The elucidation of the orthopedic 
manifestations in future reports can expand the phenotype/
clinical profile of CMD subtypes, which can help clinicians 
diagnose CMD subtypes with more precision. Our study has 
limitations. We searched only one database. Given the ultra-
specialized nature of CMD, we assumed that most research 
on it would be published in reputable PubMed-indexed 
journals. Consequently, we believe that our search should 
have captured at least the main bulk of relevant articles.

Further, the recall and precision of a search strategy depend 
on multiple variables such as the operational specifics and 
degree of indexing inaccuracies or delays of the electronic 
database and the contribution of a health information 
librarian to the search design among others. However, we 
believe that the ample amount of literature recall regarding the 
included number of articles and patients in this analysis has 
provided fairly representative material to justify meaningful 
conclusions, at least as far as a scoping review is concerned.

CONCLUSION

The clinical and surgical orthopedic manifestations of 
CMD subtypes in children and adolescents are generally 
underreported and insufficiently detailed in the literature. 
However, there is reliable evidence that accurate reporting 

Figure 3: Proposed flowchart for comprehensive reporting of orthopedic deformities in congenital muscular dystrophy children.
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of orthopedic manifestations can be a valuable clinical 
supplement to the complex differential diagnosis process of 
children and adolescents with collagen VI-related, LAMA2-
related, LMNA-related, and SEPN1-related CMD (SELENON). 
For alpha DG -related CMD, there is insufficient information 
to delineate a subtype-specific pattern. There is emerging 
evidence that reporting spine surgery outcomes may facilitate 
orthopedic decision-making in CMD. Predictors of high 
clinical and research utility were articles with longitudinal, 
comprehensive, and correlative reporting of larger cohorts. 
Detailed reporting of the orthopedic phenotype of CMD in 
future research may further uncover its diagnostic potential.

What does this paper add?

•	 Orthopedic manifestations of congenital muscular 
dystrophy (CMD) in children/adolescents are generally 
underreported and insufficiently detailed.

•	 There is reliable evidence that accurate reporting of 
orthopedic manifestations can be a valuable clinical 
supplement to differential diagnosis in patients with 
collagen VI-related, LAMA2-related, LMNA-related, 
and SEPN1-related CMD (SELENON).

•	 For alpha dystroglycan-related CMD, there is insufficient 
information to delineate a subtype-specific pattern.

•	 There is emerging evidence that reporting spine surgery 
outcomes may assist in orthopedic decision-making.

•	 The greatest clinical/research utility was provided 
by articles with longitudinal, comprehensive, and 
correlative reporting of larger cohorts.

•	 Comprehensive reporting of orthopedic manifestations 
is recommended in future research.

DATA AVAILABILITY STATEMENT

All data generated or analyzed during this study are included in 
this published article and its supplementary information files.

AUTHORS’ CONTRIBUTIONS

TAE conceptualized and designed the study. TAE, HA, 
SM, and JA contributed to data acquisition, analysis and 
interpretation. TAE drafted the manuscript. All authors 
revised the manuscript critically for important intellectual 
content and approved the version to be published. All authors 
agree to be accountable for all aspects of the work in ensuring 
that questions related to the accuracy or integrity of any part 
of the work are appropriately investigated and resolved.

ETHICAL APPROVAL

The authors confirm that this review had been prepared in 
accordance with COPE roles and regulations. Given the 
nature of the review, the IRB review was not required.

DECLARATION OF PATIENT CONSENT

Patient’s consent was not required as there are no patients in 
this study.

USE OF ARTIFICIAL INTELLIGENCE (AI) 
ASSISTED TECHNOLOGY FOR MANUSCRIPT 
PREPARATION

The authors confirm that there was no use of artificial 
intelligence (AI)-assisted technology for assisting in the 
writing or editing of the manuscript and no images were 
manipulated using AI.

CONFLICTS OF INTEREST

There are no conflicting relationships or activities.

FINANCIAL SUPPORT AND SPONSORSHIP

This study did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

REFERENCES

1. Ge L, Zhang C, Wang Z, Chan SH, Zhu W, Han C, et al. 
Congenital muscular dystrophies in China. Clin Genet 
2019;96:207-15.

2. Graziano A, Bianco F, D’Amico A, Moroni I, Messina S, 
Bruno C, et al. Prevalence of congenital muscular dystrophy in 
Italy: A population study. Neurology 2015;84:904-11.

3. Darin N, Tulinius M. Neuromuscular disorders in childhood: 
A  descriptive epidemiological study from western Sweden. 
Neuromuscul Disord 2000;10:1-9.

4. Salvati A, Bonaventura E, Sesso G, Pasquariello R, Sicca F. 
Epilepsy in LAMA2-related muscular dystrophy: A systematic 
review of the literature. Seizure 2021;91:425-36.

5. Hirasawa-Inoue A, Sato N, Shigemoto Y, Kimura Y, 
Ishiyama A, Takeshita E, et al. New MRI findings in Fukuyama 
congenital muscular dystrophy: Brain stem and venous system 
anomalies. AJNR Am J Neuroradiol 2020;41:1094-8.

6. Natera-de Benito D, Muchart J, Itzep D, Ortez C, González-
Quereda L, Gallano P, et al. Epilepsy in LAMA2-related 
muscular dystrophy: An electro-clinico-radiological 
characterization. Epilepsia 2020;61:971-83.

7. Salim R, Dahlqvist JR, Khawajazada T, Kass K, Revsbech KL, 
de Stricker Borch J, et al. Characteristic muscle signatures 
assessed by quantitative MRI in patients with Bethlem 
myopathy. J Neurol 2020;267:2432-42.

8. Sakr HM, Fahmy N, Elsayed NS, Abdulhady H, El-Sobky TA, 
Saadawy AM, et al. Whole-body muscle MRI characteristics of 
LAMA2-related congenital muscular dystrophy children: An 
emerging pattern. Neuromuscul Disord 2021;31:814-23.

9. Quijano-Roy S, Haberlova J, Castiglioni C, Vissing J, Munell F, 
Rivier F, et al. Diagnostic interest of whole-body MRI in 
early-  and late-onset LAMA2 muscular dystrophies: A  large 
international cohort. J Neurol 2022;269:2414-29.



El-Sobky, et al.: Congenital muscular dystrophy deformities

Journal of Musculoskeletal Surgery and Research • Volume 8 • Issue 1 • January-March 2024 | 18 

10. Nguyen Q, Lim KR, Yokota T. Current understanding 
and treatment of cardiac and skeletal muscle pathology in 
laminin-α2 chain-deficient congenital muscular dystrophy. 
Appl Clin Genet 2019;12:113-30.

11. Falsaperla R, Praticò AD, Ruggieri M, Parano E, Rizzo R, 
Corsello G, et al. Congenital muscular dystrophy: From muscle 
to brain. Ital J Pediatr 2016;42:78.

12. Kang PB, Morrison L, Iannaccone ST, Graham RJ, Bönnemann CG, 
Rutkowski A, et al. Evidence-based guideline summary: 
Evaluation, diagnosis, and management of congenital muscular 
dystrophy: Report of the Guideline Development Subcommittee 
of the American Academy of Neurology and the Practice Issues 
Review Panel of the American Association of Neuromuscular and 
Electrodiagnostic Medicine. Neurology 2015;84:1369-78.

13. Saito K. Fukuyama congenital muscular dystrophy. In: Adam 
MP, Feldman J, Mirzaa GM, Pagon RA, Wallace SE, Bean LJ, et 
al. editors. GeneReviews®. Seattle WA: University of Washington; 
1993-2023; 2006. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK1206 [Last accessed on 2019 Jul 03].

14. Ben Yaou R, Yun P, Dabaj I, Norato G, Donkervoort S, 
Xiong  H, et al. International retrospective natural history 
study of LMNA-related congenital muscular dystrophy. Brain 
Commun 2021;3:fcab075.

15. Bertrand AT, Brull A, Azibani F, Benarroch L, Chikhaoui K, 
Stewart CL, et al. Lamin A/C assembly defects in LMNA-
congenital muscular dystrophy is responsible for the increased 
severity of the disease compared with Emery-Dreifuss 
muscular dystrophy. Cells 2020;9:844.

16. Tekin H, Yılmaz S, Tekgül H, Gökben S, Aktan G. Dropped 
head related lamin A/C associated congenital muscular 
dystrophy case; previously defined as emerydreifuss muscular 
dystrophy. Turk J Pediatr 2020;62:130-5.

17. Ishiyama A, Iida A, Hayashi S, Komaki H, Sasaki M, Nonaka I, 
et al. A novel LMNA mutation identified in a Japanese patient 
with LMNA-associated congenital muscular dystrophy. Hum 
Genome Var 2018;5:19.

18. Owens DJ, Messéant J, Moog S, Viggars M, Ferry A, 
Mamchaoui K, et al. Lamin-Related congenital muscular 
dystrophy alters mechanical signaling and skeletal muscle 
growth. Int J Mol Sci 2020;22:306.

19. Heller SA, Shih R, Kalra R, Kang PB. Emery-Dreifuss muscular 
dystrophy. Muscle Nerve 2020;61:436-48.

20. Oliveira J, Parente Freixo J, Santos M, Coelho T. LAMA2 
muscular dystrophy. In: Adam MP, Feldman J, Mirzaa GM, 
Pagon RA, Wallace SE, Bean LJ, et al. editors. GeneReviews®. 
Seattle, WA: University of Washington; 1993-2023; 2012. 
Available from: https://www.ncbi.nlm.nih.gov/sites/books/
NBK97333 [Last accessed on 2020 Sep 17].

21. Marques J, Duarte ST, Costa S, Jacinto S, Oliveira J, 
Oliveira  ME, et al. Atypical phenotype in two patients with 
LAMA2 mutations. Neuromuscul Disord 2014;24:419-24.

22. Zaganas I, Mastorodemos V, Spilioti M, Mathioudakis  L, 
Latsoudis H, Michaelidou K, et al. Genetic cause of 
heterogeneous inherited myopathies in a cohort of Greek 
patients. Mol Genet Metab Rep 2020;25:100682.

23. Zambon AA, Ridout D, Main M, Mein R, Phadke R, Muntoni F, 
et al. LAMA2-related muscular dystrophy: Natural history of a 
large pediatric cohort. Ann Clin Transl Neurol 2020;7:1870-82. 

Erratum in: Ann Clin Transl Neurol 2021;8:1571.
24. Oliveira J, Gruber A, Cardoso M, Taipa R, Fineza I, 

Gonçalves A, et al. LAMA2 gene mutation update: Toward a 
more comprehensive picture of the laminin-α2 variome and its 
related phenotypes. Hum Mutat 2018;39:1314-37.

25. Case LE, Apkon SD, Eagle M, Gulyas A, Juel L, Matthews D, 
et al. Rehabilitation management of the patient with Duchenne 
muscular dystrophy. Pediatrics 2018;142(Suppl 2):S17-33.

26. Apkon SD, Alman B, Birnkrant DJ, Fitch R, Lark R, 
Mackenzie W, et al. Orthopedic and surgical management of 
the patient with Duchenne muscular dystrophy. Pediatrics 
2018;142(Suppl 2):S82-9.

27. Abdulhady H, Sakr HM, Elsayed NS, El-Sobky TA, Fahmy  N, 
Saadawy AM, et al. Ambulatory Duchenne muscular dystrophy 
children: Cross-sectional correlation between function, 
quantitative muscle ultrasound and MRI. Acta Myol 2022;10:1-14.

28. Fahmy N, EL-Sobky T, Elsayed N, Sakr HM, Saadawy  A. 
Whole-body muscle magnetic resonance imaging 
characteristics of children with merosin-deficient congenital 
muscular dystrophy. Dev Med Child Neurol 2018;60:94-5.

29. Lombardo ME, Carraro E, Sancricca C, Armando M, Catteruccia 
M, Mazzone E, et al. Management of motor rehabilitation in 
individuals with muscular dystrophies. 1st Consensus Conference 
report from UILDM  -  Italian Muscular Dystrophy Association 
(Rome, January 25-26, 2019). Acta Myol 2021;40:72-87.

30. Chakravorty S, Nallamilli BR, Khadilkar SV, Singla MB, 
Bhutada A, Dastur R, et al. Clinical and genomic evaluation 
of 207 genetic myopathies in the Indian subcontinent. Front 
Neurol 2020;11:559327.

31. Reddy HM, Cho KA, Lek M, Estrella E, Valkanas E, Jones MD, 
et al. The sensitivity of exome sequencing in identifying 
pathogenic mutations for LGMD in the United States. J Hum 
Genet 2017;62:243-52.

32. Tricco AC, Lillie E, Zarin W, O’Brien KK, Colquhoun H, 
Levac D, et al. PRISMA Extension for Scoping Reviews 
(PRISMA-ScR): Checklist and explanation. Ann Intern Med 
2018;169:467-73.

33. Peters MD, Marnie C, Tricco AC, Pollock D, Munn Z, 
Alexander L, et al. Updated methodological guidance for the 
conduct of scoping reviews. JBI Evid Synth 2020;18:2119-26.

34. Reed UC, Ferreira LG, Liu EC, Resende MB, Carvalho MS, 
Marie SK, et al. Ullrich congenital muscular dystrophy and 
Bethlem myopathy: Clinical and genetic heterogeneity. Arq 
Neuropsiquiatr 2005;63:785-90.

35. Saito W, Namba T, Inoue G, Imura T, Miyagi M, Nakazawa T, 
et al. Spinal correction in patients with Fukuyama congenital 
muscular dystrophy. J Orthop Sci 2017;22:658-64.

36. Takaso M, Nakazawa T, Imura T, Okada T, Ueno M, Saito W, 
et al. Surgical correction of spinal deformity in patients with 
congenital muscular dystrophy. J Orthop Sci 2010;15:493-501.

37. Hino K, Fukuda M, Morino T, Ogata T, Ito M, Ishii E. Spinal 
fusion in a patient with Fukuyama congenital muscular 
dystrophy. Brain Dev 2017;39:613-6.

38. Nalini A, Gayathri N, Santosh V. Ullrich congenital muscular 
dystrophy: Report of nine cases from India. Neurol India 
2009;57:41-5.

39. Giusti B, Lucarini L, Pietroni V, Lucioli S, Bandinelli B, Sabatelli P, 
et al. Dominant and recessive COL6A1 mutations in Ullrich 



El-Sobky, et al.: Congenital muscular dystrophy deformities

Journal of Musculoskeletal Surgery and Research • Volume 8 • Issue 1 • January-March 2024 | 19 

scleroatonic muscular dystrophy. Ann Neurol 2005;58:400-10.
40. Vanegas OC, Bertini E, Zhang RZ, Petrini S, Minosse C, 

Sabatelli P, et al. Ullrich scleroatonic muscular dystrophy is 
caused by recessive mutations in collagen type  VI. Proc Natl 
Acad Sci U S A 2001;98:7516-21.

41. Talim B, Kale G, Topaloglu H, Akçören Z, Caglar M, Gögüş S, 
et al. Clinical and histopathological study of merosin-deficient 
and merosin-positive congenital muscular dystrophy. Pediatr 
Dev Pathol 2000;3:168-76.

42. Mercuri E, Yuva Y, Brown SC, Brockington M, Kinali M, 
Jungbluth H, et al. Collagen VI involvement in Ullrich 
syndrome: A  clinical, genetic, and immunohistochemical 
study. Neurology 2002;58:1354-9.

43. Buteică E, Roşulescu E, Burada F, Stănoiu B, Zăvăleanu M. 
Merosin-deficient congenital muscular dystrophy type  1A. 
Rom J Morphol Embryol 2008;49:229-33.

44. Flanigan KM, Kerr L, Bromberg MB, Leonard C, Tsuruda J, 
Zhang P, et al. Congenital muscular dystrophy with rigid spine 
syndrome: A  clinical, pathological, radiological, and genetic 
study. Ann Neurol 2000;47:152-61.

45. Zhang YZ, Zhao DH, Yang HP, Liu AJ, Chang XZ, Hong DJ, 
et  al. Novel collagen VI mutations identified in Chinese 
patients with Ullrich congenital muscular dystrophy. World J 
Pediatr 2014;10:126-32.

46. Herrmann R, Straub V, Meyer K, Kahn T, Wagner M, 
Voit  T. Congenital muscular dystrophy with laminin alpha 
2 chain deficiency: Identification of a new intermediate 
phenotype and correlation of clinical findings to muscle 
immunohistochemistry. Eur J Pediatr 1996;155:968-76.

47. Reed UC, Tsanaclis AM, Vainzof M, Marie SK, Carvalho MS, 
Roizenblatt J, et al. Merosin-positive congenital muscular 
dystrophy in two siblings with cataract and slight mental 
retardation. Brain Dev 1999;21:274-8.

48. Demir E, Ferreiro A, Sabatelli P, Allamand V, Makri S, 
Echenne  B, et al. Collagen VI status and clinical severity in 
Ullrich congenital muscular dystrophy: Phenotype analysis 
of 11 families linked to the COL6 loci. Neuropediatrics 
2004;35:103-12.

49. Borisovna KO, Yurievna KA, Yurievich TK, Igorevna KO, 
Olegovich KD, Igorevna DA, et al. Compound heterozygous 
POMGNT1 mutations leading to muscular dystrophy-
dystroglycanopathy type  A3: A  case report. BMC Pediatr 
2019;19:98.

50. De Paillette L, Aicardi J, Goutières F. Ullrich’s congenital 
atonic sclerotic muscular dystrophy. A  case report. J  Neurol 
1989;236:108-10.

51. Foley AR, Hu Y, Zou Y, Yang M, Medne L, Leach M, et al. 
Large genomic deletions: A novel cause of Ullrich congenital 
muscular dystrophy. Ann Neurol 2011;69:206-11.

52. Koppolu AA, Madej-Pilarczyk A, Rydzanicz M, Kosińska  J, 
Gasperowicz P, Dorszewska J, et al. A novel de novo COL6A1 
mutation emphasizes the role of intron 14 donor splice site 
defects as a cause of moderate-progressive form of ColVI 
myopathy  -  a case report and review of the genotype-
phenotype correlation. Folia Neuropathol 2017;55:214-20.

53. Demir E, Sabatelli P, Allamand V, Ferreiro A, Moghadaszadeh B, 
Makrelouf M, et al. Mutations in COL6A3 cause severe and 
mild phenotypes of Ullrich congenital muscular dystrophy. 

Am J Hum Genet 2002;70:1446-58.
54. Sirisena ND, Samaranayake UM, Neto OL, Foley AR, 

Pathirana BA, Neththikumara N, et al. A novel variant in the 
COL6A1 gene causing Ullrich congenital muscular dystrophy 
in a consanguineous family: A  case report. BMC Neurol 
2021;21:105.

55. Sunada Y, Edgar TS, Lotz BP, Rust RS, Campbell KP. Merosin-
negative congenital muscular dystrophy associated with 
extensive brain abnormalities. Neurology 1995;45:2084-9.

56. Pan TC, Zhang RZ, Sudano DG, Marie SK, Bönnemann CG, 
Chu ML. New molecular mechanism for Ullrich congenital 
muscular dystrophy: A heterozygous in-frame deletion in the 
COL6A1 gene causes a severe phenotype. Am J Hum Genet 
2003;73:355-69.

57. Yuan J, Takashima H, Higuchi I, Arimura K, Li N, Zhao Z, 
et al. Genetically confirmed patients with merosin-deficient 
congenital muscular dystrophy in China. Neuropediatrics 
2008;39:264-7.

58. Di Blasi C, van Alfen N, Colleoni F, Ter Laak H, Mora M. 
Severe congenital muscular dystrophy in a LAMA2-mutated 
case. Pediatr Neurol 2007;37:212-4.

59. Triki C, Louhichi N, Méziou M, Choyakh F, Kéchaou MS, 
Jlidi R, et al. Merosin-deficient congenital muscular dystrophy 
with mental retardation and cerebellar cysts, unlinked to the 
LAMA2, FCMD, MEB and CMD1B loci, in three Tunisian 
patients. Neuromuscul Disord 2003;13:4-12.

60. Incecik F, Herguner OM, Ceylaner S, Altunbasak S. Merosin-
negative congenital muscular dystrophy: Report of five cases. 
J Pediatr Neurosci 2015;10:346-9.

61. Moghadaszadeh B, Desguerre I, Topaloglu H, Muntoni F, 
Pavek S, Sewry C, et al. Identification of a new locus for a 
peculiar form of congenital muscular dystrophy with early 
rigidity of the spine, on chromosome 1p35-36. Am J Hum 
Genet 1998;62:1439-45.

62. Naom I, D’alessandro M, Sewry CA, Jardine P, Ferlini A, 
Moss T, et al. Mutations in the laminin alpha2-chain gene 
in two children with early-onset muscular dystrophy. Brain 
2000;123:31-41.

63. Nissinen M, Helbling-Leclerc A, Zhang X, Evangelista T, 
Topaloglu H, Cruaud C, et al. Substitution of a conserved 
cysteine-996 in a cysteine-rich motif of the laminin alpha2-
chain in congenital muscular dystrophy with partial deficiency 
of the protein. Am J Hum Genet 1996;58:1177-84.

64. Furukawa T, Toyokura Y. Congenital, hypotonic-sclerotic 
muscular dystrophy. J Med Genet 1977;14:426-9.

65. Nonaka I, Une Y, Ishihara T, Miyoshino S, Nakashima  T, 
Sugita H. A  clinical and histological study of Ullrich’s 
disease (congenital atonic-sclerotic muscular dystrophy). 
Neuropediatrics 1981;12:197-208.

66. Raducu M, Cotarelo RP, Simón R, Camacho A, Rubio-
Fernández M, Hernández-Laín A, et al. Clinical features and 
molecular characterization of a patient with muscle-eye-brain 
disease: A  novel mutation in the POMGNT1 gene. J  Child 
Neurol 2014;29:289-94.

67. Ricci E, Bertini E, Boldrini R, Sabatelli M, Servidei S, 
Mazziotta MR, et al. Late onset scleroatonic familial myopathy 
(Ullrich disease): A  study of two sibs. Am J Med Genet 
1988;31:933-42.



El-Sobky, et al.: Congenital muscular dystrophy deformities

Journal of Musculoskeletal Surgery and Research • Volume 8 • Issue 1 • January-March 2024 | 20 

68. Kükner S, Gürer Y, Saatçi I, Akçören Z, Topaloğlu H. Laminin-
alpha 2 chain (merosin M) is preserved in the Walker-Warburg 
syndrome. Neuropediatrics 1996;27:279-80.

69. Prandini P, Berardinelli A, Fanin M, Morello F, Zardini E, 
Pichiecchio A, et al. LAMA2 loss-of-function mutation in 
a girl with a mild congenital muscular dystrophy. Neurology 
2004;63:1118-21.

70. Tezak Z, Prandini P, Boscaro M, Marin A, Devaney J, 
Marino  M, et al. Clinical and molecular study in congenital 
muscular dystrophy with partial laminin alpha 2 (LAMA2) 
deficiency. Hum Mutat 2003;21:103-11.

71. Hui CM, Kwong L, Lam SY, Loo KT. Merosin-deficient 
congenital muscular dystrophy in two siblings. Hong Kong 
Med J 2004;10:423-6.

72. Trevisan CP, Martinello F, Ferruzza E, Angelini C. Divergence 
of central nervous system involvement in 2 Italian sisters 
with congenital muscular dystrophy: A  clinical and 
neuroradiological follow-up. Eur Neurol 1995;35:230-5.

73. Saito W, Imura T, Miyagi M, Nakazawa T, Takaso M, Inoue G. 
Cervical hyperextension treated by posterior spinal correction 
and fusion in a patient with Ullrich congenital muscular 
dystrophy: A case report. JBJS Case Connect 2020;10:e0392.

74. Yoshioka M, Kuroki S, Sasaki H, Baba K, Toda T. A variant of 
congenital muscular dystrophy. Brain Dev 2002;24:24-9.

75. Nihei K, Kamoshita S, Atsumi T. A  case of Ullrich’s disease 
(Kongenitale, Atonisch-Sklerotische Muskeldystrophie). Brain 
Dev 1979;1:61-7.

76. Mora M, Moroni I, Uziel G, di Blasi C, Barresi R, Farina L, 
et al. Mild clinical phenotype in a 12-year-old boy with partial 
merosin deficiency and central and peripheral nervous system 
abnormalities. Neuromuscul Disord 1996;6:377-81.

77. Bolocan A, Quijano-Roy S, Seferian AM, Baumann C, 
Allamand V, Richard P, et al. Congenital muscular dystrophy 
phenotype with neuromuscular spindles excess in a 5-year-
old girl caused by HRAS mutation. Neuromuscul Disord 
2014;24:993-8.

78. Voit T, Sewry CA, Meyer K, Hermann R, Straub V, Muntoni F, 
et al. Preserved merosin M-chain (or laminin-alpha 2) 
expression in skeletal muscle distinguishes Walker-Warburg 
syndrome from Fukuyama muscular dystrophy and merosin-
deficient congenital muscular dystrophy. Neuropediatrics 
1995;26:148-55.

79. Nielsen JF, Jakobsen J. A  Danish family with limb-girdle 
muscular dystrophy with autosomal dominant inheritance. 
Neuromuscul Disord 1994;4:139-42.

80. Zanoteli E, Rocha JC, Narumia LK, Fireman MA, Moura LS, 
Oliveira AS, et al. Fukuyama-type congenital muscular 
dystrophy: A case report in the Japanese population living in 
Brazil. Acta Neurol Scand 2002;106:117-21.

81. Siala O, Louhichi N, Triki C, Morinière M, Fakhfakh F, 
Baklouti  F. LAMA2 mRNA processing alterations generate 
a complete deficiency of laminin-alpha2 protein and a 
severe congenital muscular dystrophy. Neuromuscul Disord 
2008;18:137-45.

82. Lucarini L, Giusti B, Zhang RZ, Pan TC, Jimenez-Mallebrera C, 
Mercuri E, et al. A  homozygous COL6A2 intron mutation 
causes in-frame triple-helical deletion and nonsense-mediated 
mRNA decay in a patient with Ullrich congenital muscular 

dystrophy. Hum Genet 2005;117:460-6.
83. Ishikawa H, Sugie K, Murayama K, Ito M, Minami N, Nishino I, 

et al. Ullrich disease: Collagen VI deficiency: EM suggests a 
new basis for muscular weakness. Neurology 2002;59:920-3.

84. Angelliaume A, Harper L, Lalioui A, Delgove A, Lefèvre  Y. 
Tailor-made management of thoracic scoliosis with 
cervical hyperextension in muscular dystrophy. Eur Spine J 
2018;27:264-9.

85. Ruggieri V, Lubieniecki F, Meli F, Diaz D, Ferragut E, Saito K, 
et al. Merosin-positive congenital muscular dystrophy with 
mental retardation, microcephaly and central nervous system 
abnormalities unlinked to the Fukuyama muscular dystrophy 
and muscular-eye-brain loci: Report of three siblings. 
Neuromuscul Disord 2001;11:570-8.

86. Xiong H, Wang S, Kobayashi K, Jiang Y, Wang J, Chang X, 
et al. Fukutin gene retrotransposal insertion in a non-Japanese 
Fukuyama congenital muscular dystrophy (FCMD) patient. 
Am J Med Genet A 2009;149A:2403-8.

87. Tan D, Ge L, Fan Y, Chang X, Wang S, Wei C, et al. Natural 
history and genetic study of LAMA2-related muscular dystrophy 
in a large Chinese cohort. Orphanet J Rare Dis 2021;16:319.

88. Lin HT, Liu X, Zhang W, Liu J, Zuo YH, Xiao JX, et al. Muscle 
magnetic resonance imaging in patients with various clinical 
subtypes of LMNA-related muscular dystrophy. Chin Med J 
(Engl) 2018;131:1472-9.

89. Di Blasi C, Bellafiore E, Salih MA, Manzini MC, Moore  SA, 
Seidahmed MZ, et al. Variable disease severity in Saudi 
Arabian and Sudanese families with c.3924 + 2 T > C mutation 
of LAMA2. BMC Res Notes 2011;4:534.

90. Saredi S, Gibertini S, Matalonga L, Farina L, Ardissone  A, 
Moroni I, et al. Exome sequencing detects compound 
heterozygous nonsense LAMA2 mutations in two siblings 
with atypical phenotype and nearly normal brain MRI. 
Neuromuscul Disord 2019;29:376-80.

91. Oliveira J, Santos R, Soares-Silva I, Jorge P, Vieira E, 
Oliveira  ME, et al. LAMA2 gene analysis in a cohort of 
26 congenital muscular dystrophy patients. Clin Genet 
2008;74:502-12.

92. Nelson I, Stojkovic T, Allamand V, Leturcq F, Bécane HM, 
Babuty D, et al. Laminin α2 deficiency-related muscular 
dystrophy mimicking Emery-Dreifuss and collagen vi related 
diseases. J Neuromuscul Dis 2015;2:229-40.

93. Harris E, McEntagart M, Topf A, Lochmüller H, Bushby K, 
Sewry C, et al. Clinical and neuroimaging findings in two 
brothers with limb girdle muscular dystrophy due to LAMA2 
mutations. Neuromuscul Disord 2017;27:170-4.

94. Jain MS, Meilleur K, Kim E, Norato G, Waite M, Nelson L, 
et al. Longitudinal changes in clinical outcome measures in 
COL6-related dystrophies and LAMA2-related dystrophies. 
Neurology 2019;93:e1932-43.

95. Bardakov SN, Deev RV, Magomedova RM, Umakhanova ZR, 
Allamand V, Gartioux C, et al. Intrafamilial phenotypic 
variability of collagen vi-related myopathy due to a new 
mutation in the COL6A1 Gene. J  Neuromuscul Dis 
2021;8:273-85.

96. Simsek-Kiper PO, Oguz S, Ergen FB, Utine GE, Alikasifoglu M, 
Haliloglu G. A  Revisited diagnosis of collagen VI related 
muscular dystrophy in a patient with a novel COL6A2 variant 



El-Sobky, et al.: Congenital muscular dystrophy deformities

Journal of Musculoskeletal Surgery and Research • Volume 8 • Issue 1 • January-March 2024 | 21 

and 21q22.3 deletion. Neuropediatrics 2020;51:445-9.
97. Villar-Quiles RN, von der Hagen M, Métay C, Gonzalez V, 

Donkervoort S, Bertini E, et al. The clinical, histologic, and 
genotypic spectrum of SEPN1-related myopathy: A case series. 
Neurology 2020;95:e1512-27.

98. Saini AG, Padmanabha H, Kumar S, Sankhyan N, Singhi P. 
SEPN1-related rigid spine muscular dystrophy. Indian J Pediatr 
2018;85:1033-4.

99. Ardissone A, Bragato C, Blasevich F, Maccagnano E, 
Salerno F, Gandioli C, et al. SEPN1-related myopathy in three 
patients: Novel mutations and diagnostic clues. Eur J Pediatr 
2016;175:1113-8.

100. Koul R, Al-Yarubi S, Al-Kindy H, Al-Futaisi A, Al-Thihli  K, 
Chacko PA, et al. Rigid spinal muscular dystrophy and 
rigid spine syndrome: Report of 7 children. J  Child Neurol 
2014;29:1436-40.

101. Mercuri E, Talim B, Moghadaszadeh B, Petit N, Brockington M, 
Counsell S, et al. Clinical and imaging findings in six cases of 
congenital muscular dystrophy with rigid spine syndrome 
linked to chromosome 1p (RSMD1). Neuromuscul Disord 
2002;12:631-8.

102. Gajam S, Maganthi M, Mathew AA, Rath S. SEPN1-related 
myopathy: The importance of diagnosis and challenges to 
management of CMD in resource poor settings. Ann Indian 
Acad Neurol 2021;24:955-6.

103. Echenne B, Astruc J, Brunel D, Pages M, Baldet P, 
Martinazzo G. Congenital muscular dystrophy and rigid spine 
syndrome. Neuropediatrics 1983;14:97-101.

104. Moghadaszadeh B, Topaloglu H, Merlini L, Muntoni F, 
Estournet B, Sewry C, et al. Genetic heterogeneity of congenital 
muscular dystrophy with rigid spine syndrome. Neuromuscul 
Disord 1999;9:376-82.

105. Scoto M, Cirak S, Mein R, Feng L, Manzur AY, Robb S, et al. 
SEPN1-related myopathies: Clinical course in a large cohort of 
patients. Neurology 2011;76:2073-8.

106. Allamand V, Richard P, Lescure A, Ledeuil C, Desjardin  D, 
Petit N, et al. A  single homozygous point mutation in a 
3’untranslated region motif of selenoprotein N mRNA causes 
SEPN1-related myopathy. EMBO Rep 2006;7:450-4.

107. Tajsharghi H, Darin N, Tulinius M, Oldfors A. Early onset 
myopathy with a novel mutation in the Selenoprotein N gene 
(SEPN1). Neuromuscul Disord 2005;15:299-302.

108. Mohamadian M, Naseri M, Ghandil P, Bahrami A, Momen AA. 
The first report of two homozygous sequence variants in FKRP 
and SELENON genes associated with syndromic congenital 
muscular dystrophy in Iran: Further expansion of the clinical 
phenotypes. J Gene Med 2020;22:e3265.

109. Schara U, Kress W, Bönnemann CG, Breitbach-Faller N, 
Korenke CG, Schreiber G, et al. The phenotype and long-term 
follow-up in 11 patients with juvenile selenoprotein N1-related 
myopathy. Eur J Paediatr Neurol 2008;12:224-30.

110. Arkader A, Hosalkar H, Dormans JP. Scoliosis correction in 
an adolescent with a rigid spine syndrome: Case report. Spine 
(Phila Pa 1976) 2005;30:E623-8.

111. Vill K, Blaschek A, Gläser D, Kuhn M, Haack T, Alhaddad B, 
et al. Early-onset myopathies: Clinical findings, prevalence of 
subgroups and diagnostic approach in a single neuromuscular 
referral center in Germany. J Neuromuscul Dis 2017;4:315-25.

112. Jędrzejowska M, Potulska-Chromik A, Gos M, Gambin  T, 
Dębek E, Rosiak E, et al. Floppy infant syndrome as a 
first manifestation of LMNA-related congenital muscular 
dystrophy. Eur J Paediatr Neurol 2021;32:115-21.

113. Fan Y, Tan D, Song D, Zhang X, Chang X, Wang Z, et al. 
Clinical spectrum and genetic variations of LMNA-related 
muscular dystrophies in a large cohort of Chinese patients. 
J Med Genet 2021;58:326-33.

114. Menezes MP, Waddell LB, Evesson FJ, Cooper S, Webster R, 
Jones K, et al. Importance and challenge of making an early 
diagnosis in LMNA-related muscular dystrophy. Neurology 
2012;78:1258-63.

115. Tan D, Yang H, Yuan Y, Bonnemann C, Chang X, Wang S, 
et  al. Phenotype-Genotype analysis of Chinese patients with 
early-onset LMNA-related muscular dystrophy. PLoS One 
2015;10:e0129699.

116. Karaoglu P, Quizon N, Pergande M, Wang H, Polat AI, Ersen A, 
et al. Dropped head congenital muscular dystrophy caused by 
de novo mutations in LMNA. Brain Dev 2017;39:361-4.

117. Quijano-Roy S, Mbieleu B, Bönnemann CG, Jeannet PY, 
Colomer J, Clarke NF, et al. De novo LMNA mutations cause 
a new form of congenital muscular dystrophy. Ann Neurol 
2008;64:177-86.

118. Maggi L, D’Amico A, Pini A, Sivo S, Pane M, Ricci G, et al. 
LMNA-associated myopathies: The Italian experience in a 
large cohort of patients. Neurology 2014;83:1634-44.

119. Bonati U, Bechtel N, Heinimann K, Rutz E, Schneider  J, 
Frank  S, et al. Congenital muscular dystrophy with dropped 
head phenotype and cognitive impairment due to a 
novel mutation in the LMNA gene. Neuromuscul Disord 
2014;24:529-32.

120. Sewairi W, Assiri A, Patel N, Alhashem A, Alkuraya FS. Distal 
acroosteolysis, poikiloderma and joint stiffness: A  novel 
laminopathy? Eur J Hum Genet 2016;24:1220-2.

121. Chemla JC, Kanter RJ, Carboni MP, Smith EC. Two children 
with “dropped head” syndrome due to lamin A/C mutations. 
Muscle Nerve 2010;42:839-41.

122. Yanagisawa A, Bouchet C, Van den Bergh PY, Cuisset JM, 
Viollet L, Leturcq F, et al. New POMT2 mutations causing 
congenital muscular dystrophy: Identification of a founder 
mutation. Neurology 2007;69:1254-60.

123. Messina S, Mora M, Pegoraro E, Pini A, Mongini T, 
D’Amico A, et al. POMT1 and POMT2 mutations in CMD 
patients: A  multicentric Italian study. Neuromuscul Disord 
2008;18:565-71.

124. van Reeuwijk J, Maugenre S, van den Elzen C, Verrips A, 
Bertini E, Muntoni F, et al. The expanding phenotype of 
POMT1 mutations: From Walker-Warburg syndrome to 
congenital muscular dystrophy, microcephaly, and mental 
retardation. Hum Mutat 2006;27:453-9.

125. Longman C, Brockington M, Torelli S, Jimenez-Mallebrera C, 
Kennedy C, Khalil N, et al. Mutations in the human LARGE 
gene cause MDC1D, a novel form of congenital muscular 
dystrophy with severe mental retardation and abnormal 
glycosylation of alpha-dystroglycan. Hum Mol Genet 
2003;12:2853-61.

126. Ismail S, Schaffer AE, Rosti RO, Gleeson JG, Zaki MS. Novel 
mutation in the fukutin gene in an Egyptian family with 



El-Sobky, et al.: Congenital muscular dystrophy deformities

Journal of Musculoskeletal Surgery and Research • Volume 8 • Issue 1 • January-March 2024 | 22 

Fukuyama congenital muscular dystrophy and microcephaly. 
Gene 2014;539:279-82.

127. Wallace SE, Conta JH, Winder TL, Willer T, Eskuri JM, Haas R, 
et al. A  novel missense mutation in POMT1 modulates the 
severe congenital muscular dystrophy phenotype associated 
with POMT1 nonsense mutations. Neuromuscul Disord 
2014;24:312-20.

128. Vuillaumier-Barrot S, Quijano-Roy S, Bouchet-Seraphin  C, 
Maugenre S, Peudenier S, Van den Bergh P, et al. Four 
Caucasian patients with mutations in the fukutin gene 
and variable clinical phenotype. Neuromuscul Disord 
2009;19:182-8.

129. Costa C, Oliveira J, Gonçalves A, Santos R, Bronze-da-Rocha E, 
Rebelo O, et al. A  Portuguese case of Fukuyama congenital 
muscular dystrophy caused by a multi-exonic duplication in 
the fukutin gene. Neuromuscul Disord 2013;23:557-61.

130. Yoshioka M, Kuroki S, Nigami H, Kawai T, Nakamura H. 
Clinical variation within sibships in Fukuyama-type congenital 
muscular dystrophy. Brain Dev 1992;14:334-7.

131. Song D, Dai Y, Chen X, Fu X, Chang X, Wang N, et al. Genetic 
variations and clinical spectrum of dystroglycanopathy in a 
large cohort of Chinese patients. Clin Genet 2021;99:384-95.

132. Laurá M, Singh D, Ramdharry G, Morrow J, Skorupinska M, 
Pareyson D, et al. Prevalence and orthopedic management of 
foot and ankle deformities in Charcot-Marie-Tooth disease. 
Muscle Nerve 2018;57:255-9.

133. Papadopoulos C, Zouvelou V, Papadimas GK. Facio-scapulo-
humeral muscular dystrophy with early joint contractures and 
rigid spine. Acta Myol 2019;38:25-8.

134. Quigg KH, Berggren KN, McIntyre M, Bates K, Salmin  F, 
Casiraghi JL, et al. 12-Month progression of motor and 
functional outcomes in congenital myotonic dystrophy. Muscle 
Nerve 2021;63:384-91.

135. Sato T, Adachi M, Matsuo A, Zushi M, Goto K, Hirose M, et al. 
A short form of gross motor function measure for Fukuyama 
congenital muscular dystrophy. Brain Dev 2020;42:383-8.

136. Bendixen RM, Butrum J, Jain MS, Parks R, Hodsdon B, 
Nichols  C, et al. Upper extremity outcome measures for 
collagen VI-related myopathy and LAMA2-related muscular 
dystrophy. Neuromuscul Disord 2017;27:278-85.

137. Case LE, Beckemeyer AA, Kishnani PS. Infantile Pompe disease 
on ERT: Update on clinical presentation, musculoskeletal 
management, and exercise considerations. Am J Med Genet C 
Semin Med Genet 2012;160C:69-79.

138. Pfeffer GB, Gonzalez T, Brodsky J, Campbell J, Coetzee  C, 
Conti  S, et al. A  consensus statement on the surgical 
treatment of Charcot-Marie-Tooth disease. Foot Ankle Int 
2020;41:870-80.

139. Mendell JR, Khan N, Sha N, Eliopoulos H, McDonald CM, 
Goemans N, et al. Comparison of long-term ambulatory 
function in patients with Duchenne muscular dystrophy 
treated with eteplirsen and matched natural history controls. 
J Neuromuscul Dis 2021;8:469-79.

140. Schilling L, Forst R, Forst J, Fujak A. Orthopaedic disorders 
in myotonic dystrophy type 1: Descriptive clinical study of 21 
patients. BMC Musculoskelet Disord 2013;14:338.

141. Haaker G, Forst J, Forst R, Fujak A. Orthopedic management 
of patients with Pompe disease: A retrospective case series of 8 

patients. ScientificWorldJournal 2014;2014:963861.
142. Ekabe CJ, Kehbila J, Sama CB, Kadia BM, Abanda MH, 

Monekosso GL. Occurrence of Emery-Dreifuss muscular 
dystrophy in a rural setting of Cameroon: A  case report and 
review of the literature. BMC Res Notes 2017;10:36.

143. Yurchenco PD, McKee KK. Linker protein repair of LAMA2 
dystrophic neuromuscular basement membranes. Front Mol 
Neurosci 2019;12:305.

144. Fabian L, Dowling JJ. Zebrafish models of LAMA2-related 
congenital muscular dystrophy (MDC1A). Front Mol Neurosci 
2020;13:122.

145. Kemaladewi DU, Maino E, Hyatt E, Hou H, Ding M, 
Place KM, et al. Correction of a splicing defect in a mouse 
model of congenital muscular dystrophy type  1A using a 
homology-directed-repair-independent mechanism. Nat Med 
2017;23:984-9.

146. Aoki Y, Nagata T, Yokota T, Nakamura A, Wood MJ, 
Partridge T, et al. Highly efficient in vivo delivery of PMO 
into regenerating myotubes and rescue in laminin-α2 chain-
null congenital muscular dystrophy mice. Hum Mol Genet 
2013;22:4914-28.

147. Kölbel H, Hathazi D, Jennings M, Horvath R, Roos A, Schara U. 
Identification of candidate protein markers in skeletal muscle 
of laminin-211-deficient CMD type 1A-patients. Front Neurol 
2019;10:470.

148. Ge L, Liu A, Gao K, Du R, Ding J, Mao B, et al. Deletion of 
exon 4 in LAMA2 is the most frequent mutation in Chinese 
patients with laminin α2-related muscular dystrophy. Sci Rep 
2018;8:14989.

149. Abdel Aleem A, Elsaid MF, Chalhoub N, Chakroun A, 
Mohamed KAS, AlShami R, et al. Clinical and genomic 
characteristics of LAMA2 related congenital muscular 
dystrophy in a patients’ cohort from Qatar. A  population 
specific founder variant. Neuromuscul Disord 2020;30:457-71.

150. Wang S, Peng D. Cardiac involvement in Emery-Dreifuss 
muscular dystrophy and related management strategies. Int 
Heart J 2019;60:12-8.

151. Carboni N, Marrosu G, Porcu M, Mateddu A, Solla E, Cocco E, 
et al. Dilated cardiomyopathy with conduction defects in a 
patient with partial merosin deficiency due to mutations in 
the laminin-α2-chain gene: A  chance association or a novel 
phenotype? Muscle Nerve 2011;44:826-8.

152. Rao F, Garuti G, Vitacca M, Banfi P, Racca F, Cutrera R, et al. 
Management of respiratory complications and rehabilitation 
in individuals with muscular dystrophies: 1st  Consensus 
Conference report from UILDM - Italian Muscular Dystrophy 
Association (Milan, January 25-26, 2019). Acta Myol 
2021;40:8-42.

153. Amin M, Bakhit Y, Koko M, Ibrahim MO, Salih MA, 
Ibrahim  M, et al. Rare variant in LAMA2 gene causing 
congenital muscular dystrophy in a Sudanese family. A  case 
report. Acta Myol 2019;38:21-4.

154. Xiong H, Tan D, Wang S, Song S, Yang H, Gao K, et al. Genotype/
phenotype analysis in Chinese laminin-α2 deficient congenital 
muscular dystrophy patients. Clin Genet 2015;87:233-43.

155. Bouman K, Groothuis JT, Doorduin J, van Alfen N, Udink Ten 
Cate FE, van den Heuvel FM, et al. Natural history, outcome 
measures and trial readiness in LAMA2-related muscular 



El-Sobky, et al.: Congenital muscular dystrophy deformities

Journal of Musculoskeletal Surgery and Research • Volume 8 • Issue 1 • January-March 2024 | 23 

dystrophy and SELENON-related myopathy in children and 
adults: Protocol of the LAST STRONG study. BMC Neurol 
2021;21:313.

156. Eymard B, Ferreiro A, Ben Yaou R, Stojkovic T. Muscle 
diseases with prominent joint contractures: Main entities and 

diagnostic strategy. Rev Neurol (Paris) 2013;169:546-63.
157. Ishigaki K, Ihara C, Nakamura H, Mori-Yoshimura M, 

Maruo  K, Taniguchi-Ikeda M, et al. National registry of 
patients with Fukuyama congenital muscular dystrophy in 
Japan. Neuromuscul Disord 2018;28:885-93.


