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Abstract 

Dysspondyloenchondromatosis (DSC) is a rare form of gen
eralized enchondromatosis and characterized by short stat
ure with unequal limb length, multiple enchondromas in 
metaphyseal and diaphyseal parts of the long tubular bones, 
and progressive kyphoscoliosis. Although the COL2A1 gene 
mutation was found to be responsible for DSC, a case of DSC 
with no pathogenic mutation in the COL2A1 gene has also 
been reported, suggesting that the condition is genetically 
heterogeneous. Here, we report 2 novel heterozygous muta
tions in COL2A1 in 2 patients with DSC. They had prenatal 
onset short stature with unequal limb length and general
ized enchondroma-like lesions in metaphyseal and diaphy
seal parts of the long tubular bones, and osteopenia. The first 
patient was diagnosed at 3 months of age and followed for 
10.5 years. Severe lumbosacral scoliosis and recurrent frac
tures were observed. The second patient was diagnosed at 
the age of 4 years. Mild deterioration in scoliosis was ob
served during the 3-year-long follow-up period. However, 
skeletal radiography of both patients showed the improve

ment of enchondromatous lesions. In conclusion, we veri
fied that the COL2A1 gene mutations are responsible for the 
DSC phenotype. We observed severe osteopenia and frac
tures which were not reported previously. 

© 2018 S. Karger AG, Basel 

Dysspondyloenchondromatosis (DSC) was first pro
posed as a distinctive entity by Freisinger et al. [1993] 
with the hallmark features: irregularly shaped vertebral 
bodies and enchondroma-like lesions in the metaphyseal 
and diaphyseal parts of the long tubular bones. Clinical 
and radiological features of DSC are multiple enchondro
mas extending from the metaphysis to the diaphysis of 
the long tubular bones, progressive kyphoscoliosis, aniso
spondyly, and short stature with asymmetric limb short
ening [Nakane et al., 2011; Superti-Furga et al., 2012]. 
These spinal irregularities and unequal limbs were im
portant to differentiate DSC from other enchondromato
sis and spondyloenchondromatosis types (spondyloen
chondrodysplasia and metaphyseal enchondromatosis 
with 2-hydroxyglutaric aciduria) [Spranger et al., 2002]. 

Nakane et al. [2011] identified a novel heterozygous 
missense mutation in COL2A1 in a patient with DSC and 
suggested that DSC may be related to type 2 collagenopa
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Fig. 1. Photographs of patients 1 and 2 at 
different ages. Patient 1 at 16 months (a ), at 
2.5 years (b), 8 years (c, d) and at 10 years 
and 10 months (e). Note: short stature with 
shortening of the right lower extremity and 
lumbosacral scoliosis. Patient 2 at 4.5 years 
(f), 5.5 years (g), and 7.5 years (h, i ). Short 
stature, barrel-shaped thorax, thoracolum
bar scoliosis, upper and lower limb length 
asymmetry on the right side are shown. 

thies. However, a further case of DSC without unequal 
limbs was reported in which no pathogenic mutation was 
identified, suggesting that DSC is genetically heteroge
neous [Tran Mau-Them et al., 2014]. Recently, Merrick 
et al. [2015] also reported a mutation in COL2A1 in a pa
tient with DSC. 

Here, we evaluate the longitudinal observation of clin
ical and radiological findings of 2 unrelated patients with 
DSC and report 2 novel mutations in the COL2A1 gene.

  Patients and Methods 

 Patient 1 
A 3-month-old baby boy was referred to our department with 

the prenatal diagnosis of achondroplasia. He was born at 40 weeks 
of gestation. His birth length was 42 cm [–4.5 standard deviation 

score (SDS)] and his weight was 2,600 g. There was no history of 
short stature among family members. Physical examination 
showed short stature with shortening of the right lower extremity 
and a short neck. His height was 66 cm (–3.6 SDS) at age 1, and 1 
cm length difference was measured between the lower extremities 
( Fig.  1 a). The skeletal radiography revealed enchondroma-like 
metaphyseal changes of proximal humeri, distal radii ( Fig. 2 a, d), 
distal femurs and proximal tibias ( Fig. 2 g, h), shortening of the 
right femur and tibia, slightly irregular shape of lumbar vertebral 
bodies ( Fig. 3 a, e), and hypoplasia of pubic bones ( Fig. 3 f) in the 
infantile period. Laboratory investigations, ophthalmic examina
tion, hearing tests, abdominal ultrasonography, and echocardiog
raphy were normal. He was diagnosed with DSC and followed up 
until 10.5 years of age. 

His motor milestones were delayed; however, language and 
mental development were appropriate to age. His leg length dis
crepancy was 2 cm at age 4 and remained the same during his 
follow-up ( Fig. 1 b–e). Lumbosacral scoliosis began at 2 years of age 
and showed progression ( Fig. 1 d). He had a fracture of the left fe
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Fig. 2. Radiographs of patient 1. Metaphyseal expansion and en
chondroma-like metaphyseal changes of distal radii at 1 year (a ), at 
6 years (b), and at 8 years of age (c). Radiographs of the right arm 
at age 1 (d), age 4 (e), and age 9 (f). The arrow shows an enchon
dromatous lesion on the diaphysis of the humeri (e) and its ossifi
cation during the follow-up period (f). Radiographs of the left knee 
at 3 months of age (g), at age 1 (h), age 4 (i), and age 10 (j ) reveal 
enchondroma-like metaphyseal changes on distal femurs and 
proximal tibias. During the follow-up period, metaphyseal enchon
dromatous lesions resolved and progressed towards diaphysis. 

mur at 3 years of age. Bone mineral density (BMD) assessment of 
the L1–L4 lumbar spine region by the Hologic Delphi technique 
and pediatric software analysis showed osteoporosis with a calcu
lated Z score of –5.8. Endocrine, metabolic, and nutritional disor
ders that are associated with reduced bone mass were excluded. 
Intravenous pamidronate disodium treatment was given for 6 
months. He suffered 2 fracture events of the right femur at age 6 
and 7. At his last visit, at the age of 10, he was 119 cm (–3.39 SDS) 
tall and had a lower limb length difference of 2 cm. Taking his 
educational achievements and our clinical assessment into consid
eration, his intelligence was normal. 

a b c d 

e f g 

Fig. 3. Vertebral radiographs of patient 1 at age 1 (a), age 4 (b ), age 
9 (c), and at age 10 (d). Lumbosacral scoliosis and its progression 
is shown in b and c. After surgical correction, improvement of sco
liosis was observed (d). Lateral view of the patient reveals a slight
ly irregular shape of lumbar vertebral bodies at 1 year of age. The 
arrow indicates anisospondyly (e). Pelvic radiographs show hypo
plasia of the pubis at 3 months of age (f) and at 10 years (g ). 

During the follow-up period, the radiographs showed that me
taphyseal enchondromatous lesions in the long bones resolved and 
progressed towards the diaphysis ( Fig. 2 b, c, e, f, h–j); progressive 
scoliosis was also observed ( Fig. 3 b, c). Surgical correction of the 
spinal deformity was performed at age 10 ( Fig. 3 d). Spinal MRI did 
not show any medulla spinalis defect or narrowing of the spinal 
channel despite the S-shaped scoliosis. The pubic bones also were 
hypoplastic ( Fig. 3 g) at 10 years of age.

  Patient 2 
A 4.5-year-old-girl was admitted due to a dislocation of the 

right hip. She was born uneventfully at term, and her birth length 
was 41 cm (–4 SDS). At the age of 4.5 years, physical examination 
showed a barrel-shaped thorax, thoracolumbar scoliosis, difficulty 
in extension of both elbows, and upper and lower limb length 
asymmetry ( Fig. 1 f, g). The right upper limb was 1.5 cm and the 
right lower limb was 2.5 cm shorter than the left limbs. Lumbar 
hyperlordosis was observed. 

The skeletal radiography revealed upper and lower limb length 
asymmetry, cystic radiolucency, and an irregularity on the me
taphysis and diaphysis of the long tubular bones, predominantly 
in the distal femurs and radii as well as proximal tibias and humeri 
in the initial examination ( Fig. 4 a, c, d, g). Spinal involvement with 
irregular size and shape of vertebral bodies and mild thoracolum-
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Fig. 4. Radiographs of patient 2. Metaphyseal expansion and en
chondroma-like metaphyseal changes of distal radii at age 4 (a) 
and at 6 years of age (b). The upper extremities at age 4 (c, d ) and 
7 (e, f) show that the right side is shorter than the left. Enchondro
ma-like metaphyseal changes of proximal humeri progressed to
wards diaphysis with aging (e). The lower extremities at age 4 (g), 
5 (h), and 7 (i) reveal shortening of right side, cystic radiolucency, 
and irregularity on the metaphysis and diaphysis of the long tubu
lar bones, predominantly femora and tibias. During the follow-up 
period, mild regression of the metaphyseal irregularity was ob
served (i). 

bar scoliosis were detected ( Fig. 5 a, b). The pelvis graphy showed 
hypoplasia of the pubis and absence of the right femoral neck and 
right femoral capital epiphysis with irregular metaphyseal ossifica
tion of the proximal right femur. The left femoral capital epiphysis 
was small and irregular ( Fig. 5 d). 

Spinal MRI confirmed thoracolumbar scoliosis and irregular
ity of vertebral bodies, mimicking segmentation anomalies of dor
sal vertebrae. The laboratory investigations, ophthalmic examina
tion, and hearing tests were normal. Her intelligence was appropri
ate to her age according to our clinical assessment and her 
achievements at school. 

Fig. 5. Radiographs of patient 2 at the age of 5 (a) and 7 years (b, 
c). Spinal involvement with irregular size and shape of vertebral 
bodies and mild thoracolumbar scoliosis is shown. During the fol
low-up period, mild deterioration in scoliosis was detected. Pelvic 
radiographs show a hip dislocation, invisible femoral neck, and 
femoral capital epiphysis with irregular metaphyseal ossification 
of the proximal femur on the right side. The left femoral capital 
epiphysis was small and irregular at the age of 4 (d). The right 
femoral epiphysis appeared as fragmented ossicles at age 7 (e ). Hy
poplasia of the pubic bones also is present.               

At her last visit, at age 7 ( Fig. 1 h, i), she was 84 cm tall (–7.6 
SDS). We observed 1.5 cm length difference between the upper 
limbs and 4 cm between the lower limbs within a 3-year follow-up. 

After 3 years, her radiographs showed mild regression of the 
metaphyseal irregularity ( Fig. 4 b, e, f, h, i). Lumbar hyperlordosis 
and mild deterioration in scoliosis were observed on vertebral ra
diographs ( Fig.  5 b, c). The right femoral epiphysis appeared as 
fragmented ossicles on the pelvic X-ray at 7 years of age ( Fig. 5 e). 

Although the initial BMD assessment of the L1–L4 lumbar 
spine region showed osteoporosis with a calculated Z score of –4.2, 
she had never experienced a fracture. Endocrine, metabolic, and 
nutritional disorders thought to reduce the bone mass were ex
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Table 1. Comparison of the clinical and radiological features of the patients in this study to those in reported patients with DSC 

Present patients Mainzer et al., 
1971 
P 1 

Spranger et al., 
1978 

Azouz, 1987 Lerman-Sagie 
et al., 1987 

Freisinger et al., 1993 

P 1 P 2 P 1 P 2 P 3 

Gender M F F M M F M M F 
Birth height, cm/SDS 42/–4.5 41/–4 NA 40/–3.6 NA NA 40.5/–3.4 43/–2.5 41/–4 
Age at diagnosis 3 mo 4 yrs 18 mo 4 yrs 3 yrs 2 yrs, 7 mo 3 yrs, 6 mo 13 mo 2 yrs, 6 mo 
Age 10 yrs, 6 mo 7 yrs 20 yrs 4 yrs 3 yrs 2 yrs, 7 mo 3 yrs, 6 mo 13 mo 2 yrs, 6 mo 
Height, cm/SDS 51.5/–5* 74/–7.2* 117.5/–7.6** 82.5/–6* 56.7/–10.6* 80/–3* 69/–6* 63/–5* 63.5/–5.5* 

119/–3.39** 84/–7.6** 
Asymmetric limbs 3 mo 4 yrs, 6 mo at birth 4 yrs 3 yrs 2 yrs, 7 mo at birth 13 mo 17 mo 

(detected age) 
Short limb R leg R arm, R leg L arm, R leg L arm, L leg L leg ND L leg R leg R leg 
Metaphyseal enchondroma- +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ 

like changes/expansion 
Extension to the diaphysis + + + + + – + – – 
Epiphyseal dysplasia – – – + + + + + + 
Vertebral hypoplasia/ general general general general thoracolumbar thoracolumbar thoracolumbar general general 

dysplasia 
Scoliosis severe/ moderate/ severe/ mild/ severe/ severe/ severe/ mild/ mild/ 

lumbosacral thoracolumbar thoracic thoracolumbar thoracolumbar thoracolumbar thoracolumbar thoracic thoracic 
Osteopenia/fractures +/+ +/– ND ND ND ND ND ND ND 
Atlantoaxial instability – – ND ND ND – ND ND ND 
Pubic hypoplasia + + ND ND + + + ND ND 
COL2A1 gene mutation c.3293 G>A c.1817 G>A 

(p.Gly1098Glu), (p.Gly606Asp), 
exon 47 exon 27 

Nakane et al., Kenis et al., Tran Mau-Them Merrick et al., 
2011 2013 et al., 2014 2015 

Gender M M F M M M F M 
Birth height, cm/SDS 46/–1.4 47.7/–0.9 39.5/–4.8 46/–1.4 41/–3.1 ?/–3 44/–2.9 42/0 
Age at diagnosis 1st day 1st day 4th day 5 weeks 3 yrs 5 yrs 5 yrs 5 yrs 
Age 5 yrs 4 yrs, 6 mo 15 mo 3 yrs, 9 mo 14 yrs, 8 mo 5 yrs 5 yrs 5 yrs 
Height, cm/SDS 46/–1.4* 47.7/–0.9* NA 72/–6** 103/–9.8** NA 84.5/–4* 88.5/–6.6* 
Asymmetric limbs at birth 2 yrs, 6 mo at birth 5 weeks 3 yrs 5 yrs – 5 yrs 

Kozlowski et al., 1994 

P 1 P 2 P 3 P 4 

(detected age) 
Short limb R leg L leg R leg L leg ND ND – L leg 
Metaphyseal enchondroma- +/+ +/+ +/+ +/+ +/+ +/+ +/+ +/+ 

like changes/expansion 
Extension to the diaphysis – – - + + ND – ND 
Epiphyseal dysplasia + ND ND + + + ND + 
Vertebral hypoplasia/ lumbar lumbar lumbar thoracolumbar ND thoracolumbar thoracic thoracolumbar 

dysplasia 
Scoliosis mild/ mild/ mild/ severe/ severe/ moderate/ severe/ moderate/ 

lumbar lumbar lumbar thoracolumbar thoracic thoracic thoracic thoracolumbar 
Osteopenia/fractures ND ND ND ND ND ND ND ND 
Atlantoaxial instability ND ND ND ND ND ND ND + 
Pubic hypoplasia + + + + ND + – + 
COL2A1 gene mutation c.2258 G>A – c.1799 G>A 

(p.Gly753Asp), (p.Gly600Asp), 
exon 34 exon 27 

L, left; mo, months; NA, not available; ND, not described; P, patient; R, right; SDS, standard deviation score; yrs, years. * First examination. ** Last examination. 

cluded. Intravenous pamidronate disodium treatment was given 
for 2.5 years. On BMD measurement at age 7, the Z score of BMD 
was –2.4, showing mild osteoporosis.

 Methods 
Genomic DNA was extracted from peripheral blood samples of 

the patients and their parents according to standard procedures. For 
genomic analysis of COL2A1, 54 coding exons of the gene were ampli
fied with long-range primers covering exons (plus exon-intron 
boundary regions with 50 bp). These long-range primers were de
signed according to the latest COL2A1 sequence (Gene ID: 1280, 
NM_001844). Amplified PCR products were prepared for next-gen

eration sequencing by Nextera XT (Illumina) protocol. The purifica
tion steps in library preparation were performed with the Agencourt 
AMPure XP (Beckman Coulter) kit. After library preparation, ampli
fied and indexed PCR products were sequenced with the MiSeq® 

next-generation sequencing platform (Illumina). The sequencing of 
the sample was performed by 542.234 reads with 1,492× mean cover
age. Paired-end raw sequence data that were obtained from MiSeq 
next-generation sequencing platform were used in analysis pipeline. 
Sequence data were trimmed from both 3′ and 5 ′ end with quality 
threshold Q10 via Trimmomatic. Sequences were aligned to reference 
sequences (COL2A1) with Burrows-Wheeler Alignment. In order to 
detect single nucleotide substitutions and small indels, the GATK 
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Unified Genotyper was used. The detected variants were annotated 
with dbSNP (build 144) with ANNOVAR software. PhyloP (http:// 
compgen.bscb.cornell.edu/phast/help-pages/phloP.txt), SIFT (Sort
ing Intolerant From Tolerant; http://sift.jcvi.org), PolyPhen-2 (http:// 
genetics.bwh.harvard.edu/pph2), and GERP (Genomic Evolutionary 
Rate Profiling; SidowLab/downloads/ gerp/index.html) bioinformat
ics tools were used to identify the deleterious amino acid changes.

 Results 

Two novel heterozygous missense mutations; 
c.3293G>A (p.Gly1098Glu) and c.1817G>A (p.Gly606Asp) 
in the COL2A1 gene, were detected in patient 1 and 2, re
spectively ( Table  1 ). These were not present in other 
healthy family members and are predicted to be pathogen
ic according to prediction databases (SIFT, PolyPhen-2). 
Both nucleotide changes from nonpolar amino acid gly
cine to polar amino acids glutamine and aspartic acid cause 
changes in hydrophobicity scores and also secondary 
structure propensities of the final protein structures.

 Discussion 

Nakane et al. [2011] and Merrick et al. [2015] identi
fied novel COL2A1 mutations in 2 patients with DSC, in
dicating that the condition is a part of type 2 collagenop
athies. However, a mutation in COL2A1 could not be de
tected in a patient described by Tran Mau-Them et al. 
[2014], and they suggested that there might be a possible 
genetic heterogeneity. We identified 2 novel COL2A1 
gene mutations, which are predicted to be pathogenic in 
2 unrelated patients with DSC. In a study of COL2A1
related dysplasias, Terhal et al. [2012] showed that a gly
cine substitution in the triple helical domain is the most 
common type of pathogenic mutation in the COL2A1 
gene. Missense mutations resulting in substitution of the 
glycine residue within triple helical domain of COL2A1 
with a bulkier amino acid, such as arginine or aspartic 
acid, are known to be pathogenic [Merrick et al., 2015]. 
The reported 2 heterozygous missense mutations, c.2258 
G>A (p.Gly753Asp) and c.1799 G>A (p.Gly600Asp), by 
Nakane et al. [2011] and Merrick et al. [2015] lie within 
the triple helical domain and cause the substitution of gly
cine to aspartic acid, as found in our patient 2. Glycine to 
glutamine substitution, as found in our patient 1, has not 
been reported in DSC patients before. 

Superti-Furga et al. [2012] proposed a classification for 
enchondromatosis with molecular basis and classified 
DSC as a member of type 2 collagenopathies. They noted 

that the chondromatous changes in DSC are expected to 
be regressive rather than progressive. We compared the 
clinical and radiological features of the patients in this 
study to those previously reported 15 patients with DSC 
in Table  1 [Mainzer et al., 1971; Spranger et al., 1978; 
Azouz, 1987; Lerman-Sagie et al., 1987; Freisinger et al., 
1993; Kozlowski et al., 1994; Nakane et al., 2011; Kenis et 
al., 2013; Tran Mau-Them et al, 2014; Merrick et al., 
2015]. All patients except for the patient of Tran Mau-
Them et al. [2014] had asymmetric limb shortening. Mer
rick et al. [2015] suggested that the diagnosis of Tran 
Mau-Them’s COL2A1 negative case might be separate 
from DSC, as this patient had neither pubic bone dyspla
sia nor hypoplasia of the lower lumbar vertebrae and also 
showed brachydactyly, which is unusual for COL2A1 dis
orders. We agree with Merrick et al. [2015] that this diag
nosis might be different from DSC due to the absence of 
asymmetric limbs. In our patients, the localization of en
chondromatous lesions on long bones was in proximal 
parts of humeri, femurs, and tibias as well as distal parts 
of ulnae, radii, and femurs. Patients of Nakane et al. 
[2011] and Merrick et al. [2015] showed similar localiza
tion patterns of enchondromatous lesions. The patient of 
Tran Mau-Them et al. [2014] had enchondromatous le
sions on distal ulnae, distal radii, and vertebrae showing 
a different localization pattern compared to other DSC 
patients. As we noticed in our cases, the limb with more 
enchondromatous lesions may tend to be shorter. 

The majority of DSC patients, including ours, had pu
bic hypoplasia as a feature of COL2A1 disorder [Kozlows
ki et al., 1994; Kenis et al., 2013; Merrick et al., 2015]. 
Craniofacial involvement with cleft palate, vitreoretinal 
degeneration, severe myopia, hearing impairment, and 
atlantoaxial instability are other characteristic features of 
type 2 collagenopathies [Kannu et al., 2012]. Cleft palate 
in DSC has been reported only by Kozlowski et al. [1994] 
and Nakane et al. [2011]. Our patients had normal oph
thalmic and hearing examinations and no cleft palate. Re
cently, Merrick et al. [2015] found odontoid hypoplasia 
and mild atlantoaxial instability in their patient. Our pa
tients had no atlantoaxial instability on cervical imaging. 

Mainzer et al. [1971] reported a 20-year-long follow-
up of 2 cases with multiple enchondromatosis. They ob
served typical X-ray findings of multiple enchondroma
tosis on long tubular bones during the first 2 years of life. 
After 20 years, normal ossification occurred, and only mi
nor sclerotic densities remained. We observed that en
chondromatous lesions have extended from the metaph
yseal to the diaphyseal part of the long bones and had a 
tendency to improve during 10 years of follow-up in pa
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tient 1. In patient 2, only minor improvement in metaph- In conclusion, we observed previously reported fea
yseal irregularity was observed because of a shorter (3- tures such as deterioration in scoliosis and regression of 
year-long) follow-up time. the metaphyseal irregularity during long-term follow-up 

The majority of DSC patients had severe scoliosis, periods in our DSC patients presented here. Furthermore, 
even within the first years of life [Mainzer et al., 1971; Na- we detected low BMD and long bone fractures, which 
kane et al., 2011]. Patient 1 reported here developed pro- were not reported in DSC before. We also verified that the 
gressive scoliosis, which began at the age of 2 years. The COL2A1 gene mutation is responsible for the DSC pheno
surgical approach in DSC was concluded to be difficult type and propose that patients with clinical and radiolog
because of the pathological distribution of enchondroma- ical features of DSC should be screened for COL2A1 mu
tous lesions within the spinal structures [Kenis et al., tations to elucidate the molecular basis of the condition.
2013]. He underwent a vertebral operation and no com
plication was seen. To date, 2 DSC patients were reported 
having had surgical treatment to correct scoliosis [Azouz,   Statement of Ethics 

1987; Freisinger et al., 1993]. 
Signed informed consent and the permission for the publica-Osteopenia and recurrent fractures or low BMD were tion of accompanying images were obtained from the parents. Thenot reported in the patients with DSC previously. Both data presented in this study were retrieved from the routine clin 

patients presented here demonstrated low BMD and re- ical care facilities of Cerrahpasa School of Medicine, Istanbul, 
ceived intravenous pamidronate treatment. We excluded Turkey.
endocrine, metabolic, and nutritional disorders that were 
possibly associated with reduced bone mass. Patient 1 had 
3 fracture events and underwent an operation on the right   Disclosure Statement 

femur. Despite very low BMD, patient 2 had no fractures. 
The authors declare no conflicts of interest.We suggest that the reduced bone mass in DSC may be a 

result of enchondromatous lesions. 
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