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a b s t r a c t 

Schmid metaphyseal chondrodysplasia is a rare genetic cause of skeletal dysplasia. Patients 

usually present skeletal abnormalities but no major visceral malformations or intellectual 

disability. We report a case of a 2-year-old male patient with short stature, progressive genu 

varum, and waddling gait. Radiographic findings were essential to guide investigation and 

molecular confirmation, allowing proper treatment and genetic counseling. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
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Introduction 

Schmid metaphyseal chondrodysplasia (SMC) is a rare cause
of skeletal dysplasia [1] . It is a genetic disease and radiological
findings are essential to guide the investigation and diagnosis.
The disorder is characterized by short stature, genu varum, and
waddling gait that develop along the first years of life. Bone ab-
normalities are progressive and joint pain is common. Skeletal
manifestation can cause motor developmental delay and limit
physical activity. Intellectual disability, dysmorphic features,
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macrocephaly, and extraskeletal anomalies are absent. We
report a case of SMC caused by a novel pathogenic variant in
gene COL10A1 . Appropriate diagnosis of skeletal dysplasias is
essential for genetic counseling and treatment [2] . 

Case report 

A 2-year-old male patient was evaluated at the Medical Genet-
ics Center after referred by orthopedist due to bilateral genu
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Fig. 1 – Pelvis and lower limbs radiograph shows bowing 
femurs and tibiae, large capital epiphyses and short 
femoral necks. All growth plates of tubular bones are wide. 
Metaphysis present beak aspect mainly in the medial 
portions of the extremities. Metaphyseal ossification 

appears markedly disrupted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Upper limbs radiograph presents distal and 

proximal humeral metaphyseal ossification markedly 

disrupted. Tubular bones are short and enlarged. There are 
mild metaphyseal irregularities of the radius and ulna. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

varum . He was the only child of a nonconsanguineous cou-
ple. The familial and gestational history were unremarkable,
except for maternal hypothiryoidism, properly treated during
pregnancy. The findings of an obstetric ultrasound captured at
the 38th week gestational age displayed a short femur. He was
delivered by vaginal birth, at the 39th week gestational age,
with 9 and 10 Apgar score at 1’and 5’, respectively. His neona-
tal measurements were normal – weight 3150 g (25th–50th per-
centile), length 48 cm (10th-25th percentile), and head circum-
ference 34 cm (percentile 25th-50th percentile). Patient was
diagnosed with distal hypospadia at birth and no limb defor-
mities were evident. After 10 months parents noticed bowing
legs, that progressed during the following years. At 20 months
of age patient underwent surgical correction for hypospadia. 

On first physical exam patient presented 13 kg weight
(25th-50th percentile), 81cm height ( < 3rd percentile) and 49
cm head circumference (25th percentile). He also had mild
rectus abdominal diastasis and signs of corrected hypospadia,
without any dysmorphic features. The disproportionate short
stature was also evident due to rhizomelic shortening. Global
development was normal for his age. 

Patient initiated investigation with blood tests (complete
blood count, electrolytes, thyroid function, parathyroid func-
tion, 25-OH vitamin D, IGF-1, and IGFBP-3 serum levels), hand
and wrists radiographs in order to calculate bone age, kary-
otype, echocardiogram, abdominal ultrasound, and retinal
mapping. All of them showed normal results. A full skele-
tal radiography was also performed. Skull and thorax radio-
graphs showed no significant abnormalities. Spine and pelvis
radiographies presented mild accentuation of lumbar lordo-
sis, horizontalization of the sacrum, and coxa vara ( Fig. 1 ).
Limbs images demonstrated short limbs with rhizomelia, bi-
lateral femoral, and tibial bowing, generalized enlarged meta-
physes, enlarged humerus, short and broad middle falanges,
and generalized reduced bone density ( Fig. 2 ). 

Based on clinical and radiological presentation, the main
hypothesis was SMC. To elucidate the diagnosis patient
Sanger sequencing of gene COL10A1 was performed. This
molecular test identified a novel heterozygous frameshift
variant: NM_00493.4( COL10A1 ):c.1900del;p.(Asp634Ilefs ∗43).
According to the American College of Medical Genetics and
Genomics guidelines, this variant is classified as pathogenic
and establishes molecular confirmation of SMC. 

During follow-up, patient underwent bilateral tibial os-
teotomy at 4 years of age. Hormone growth therapy was con-
traindicated. Currently, patient maintains normal global de-
velopment and short stature. Diagnosis allowed appropriate
genetic counseling and surveillance, according to guidelines
and scientific literature information. 

Discussion 

SMC was first described by Stephens in 1943 [3] . Although the
author reported a large family with radiological features of
SMC, he wrongly attributed the diagnosis of achondroplasia
at that time. In 1967, Silverman and Brunner published an ar-
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ticle pointing mistakes in skeletal dysplasias diagnosis and
Stephens initial publication was highlighted as a case of SMC.
The original case outlining a novel condition was written in
1949 by Schmid. Later in 1993, Warman identified that muta-
tions in collagen X were the molecular basis for SMC [4–6] . 

During some years, spondylometaphyseal dysplasia
Japanese type (SDJT) was considered an entity apart from
SMC. Although both shared limb anomalies, spinal affection
was considered a particularity of SDJT. In 2000, Savarirayan
et al suggested that SDJT and SMC were the same condition.
Spinal alterations were less frequent and probably underes-
timated, but could be found also in SMC [7] . Currently, both
are considered the same pathology and spine changes are
considered part of SMC phenotype. 

SMC is a type of skeletal dysplasia caused by heterozygous
pathogenic variant on COL10A1 gene. It is a genetic disease in-
herited in an autosomal dominant manner. The prevalence is
estimated as 3-6:1.000.000. Penetrance is considered complete
and expressivity is variable [8] . 

According to Lachman et al, the most important imaging
findings are mild hypoplasia and/or acetabular roof irregular-
ity, coxa vara, femoral bowing, enlarged capital femoral epi-
physes, and abnormal proximal and distal femoral metaphy-
ses [9] . Less common are proximal tibial metaphyseal abnor-
malities and wrist metaphyseal changes. Tibial and fibular
bowing can also be observed. Currently, it is also known that
mild platyspondyly and endplate irregularity can occur. Signs
of osteoarthritis are absent. Hand abnormalities such as meta-
physeal cupping and short middle phalanges are less frequent
[8 ,9] . 

During skeleton formation, endochondral ossification is an
essential process, in which bone substitutes calcified cartilage.
During normal circumstances, chondrocytes undergo a prolif-
erative, a hypertrophic and a degenerative phase, sequentially.
At second stage, type X collagen (XC) is highly express. 

COL10A1 is the gene which encodes XC. It is located on
chromosome 6 (cytogenetic location: 6q22.1) and contains 3
exons. Each XC molecule has 2 terminal domains (NC1 and
NC2), the main triple helical domain and a signal peptide.
XC molecules are organized in triplets and secreted by hyper-
trophic chondrocytes of growth plate cartilage into extracel-
lular matrix [10] . 

Warman et al identified that pathogenic variants in type X
collagen (XC) were responsible for the development of SMC in
patients [6] . More recently, Bateman reported that XC haploin-
suficency is probably the main mechanism of pathogenicity.
The author suggests that specific-tissue nonsense-mediated
mRNA decay occurs. It causes complete mutant XC mRNA
degradation in cartilage and leads to loss of regular endochon-
dral ossification [11] . 

Follow-up of patients diagnosed with SMC must include a
multiprofessional healthcare team. At the moment, curative
treatment is not available. Surgical intervention (osteotomy)
might be considered with progressive and/or symptomatic de-
formity, in order to preserve function and avoid pain. Physio-
therapy and occupational therapy are also indicated to rec-
ommend joint-friendly exercises and adapted environment
for short stature. Patients also may benefit from psychologi-
cal support [2] . 

Genetic counseling is essential for family planning. Each
affected patient has 50% chance of having an affected child.
It is important to highlight that members of the same fam-
ily could have more subtle or exuberant phenotype, because
of variable expressivity. Due to this, patient’s parents must al-
ways be carefully evaluated [2] . 

Skeletal dysplasia is a large group of diseases and radiolog-
ical findings are essencial to guide proper investigation. Our
case highlights that clinical findings associated with a rapid
and low cost exam, such as full body radiography, guides con-
firmation of the molecular diagnosis and avoid unnecessary
exams and prolonged investigation. 

R E F E R E N C E S  

[1] Mortier GR , Cohn DH , Cormier-Daire V , Hall C , Krakow D ,
Mundlos S , et al. Nosology and classification of genetic 
skeletal disorders: 2019 revision. Am J Med Genet 
2019;179(12):2393–419 .

[2] Richmond CM, Savarirayan R Schmid Metaphyseal 
Chondrodysplasia GeneReviews® [Internet]. Adam MP, 
Ardinger HH, Pagon RA, Wallace SE, Bean LJH, Stephens K, 
et al., editors, SeattleWA: University of Washington, Seattle; 
2019. 1993-2020. Accessed March 2020. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK547823/ .

[3] Stephens FE . An achondroplastic mutation and the nature of 
its inheritance. J Heredity 1943;34:229–35 .

[4] Schmid F . Beitrag zur dysostosis enchondralis metaphysaria. 
Monatsschr Kinderh. 1949;97:393 .

[5] Silverman FN , Brunner S . Errors in the diagnosis of 
achondroplasia. Acta Radiol 1967;6(4):305–21 .

[6] Warman ML , Abbott M , Apte SS , Hefferon T , McIntosh I ,
Cohn DH , et al. A type X collagen mutation causes Schmid 

metaphyseal chondrodysplasia. Nat Genet 1993;5(1):79–82 .
[7] Savarirayan R , Cormier-Daire V , Lachman RS , Rimoin DL . 

Schmid type metaphyseal chondrodysplasia: a 
spondylometaphyseal dysplasia identical to the "Japanese" 
type. Pediatr Radiol 2000;30(7):460–3 .

[8] Online Mendelian Inheritance in Man, OMIM®, Baltimore, 
MD: Johns Hopkins University; 2020. MIM Number: {156500}: 
{18/08/2016}. Accessed MarchWorld Wide Web URL 
https://omim.org/ .

[9] Lachman RS , Rimoin DL , Spranger J . Metaphyseal 
chondrodysplasia, Schmid type. Clinical and radiographic 
delineation with a review of the literature. Pediatr Radiol 
1988;18(2):93–102 .

[10] Ho MSP , Tsang KY , Lo RLK , Susic M , Mäkitie O , Chan TWY ,
et al. COL10A1 nonsense and frameshift mutations have a 
gain-of-function effect on the growth plate in human and 

mouse metaphyseal chondrodysplasia type Schmid. Hum 

Mol Genet 2007;16(10):1201–15 .
[11] Bateman JF , Freddi S , Nattrass G , Savarirayan R . 

Tissue-specific RNA surveillance? Non- sense-mediated 

mRNA decay causes collagen X haploinsufficiency in Schmid
metaphyseal chondrodysplasia cartilage. Hum Mol Genet 
2003;12(3):217–25 .

http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0001
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0001
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0001
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0001
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0001
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0001
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0001
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0001
https://www.ncbi.nlm.nih.gov/books/NBK547823/
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0003
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0003
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0004
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0004
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0005
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0005
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0005
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0006
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0006
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0006
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0006
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0006
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0006
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0006
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0006
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0007
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0007
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0007
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0007
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0007
https://omim.org/
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0009
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0009
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0009
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0009
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0010
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0010
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0010
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0010
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0010
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0010
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0010
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0010
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0011
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0011
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0011
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0011
http://refhub.elsevier.com/S1930-0433(20)30399-X/sbref0011

	Schmid metaphyseal chondrodysplasia: an example of radiology guidance to molecular diagnosis
	 Introduction
	 Case report
	 Discussion
	 References


