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Abstract

Introduction Dyggve–Melchior–Clausen (DMC) syn-

drome is a rare autosomal recessive type of skeletal dys-

plasia. It is characterized by the association of progressive

spondyloepimetaphyseal dysplasia (SEMD), microcephaly,

mental retardation (MR), and coarse facies. The radio-

graphic appearance of generalized platyspondyly with

double-humped end plates and the lace-like appearance of

iliac crests are pathognomonic and distinctive of DMC

syndrome. The disorder results from mutations in the DYM

gene mapped in the 18q12-12.1 chromosomal region.

Materials and methods In this report, we studied 15

Egyptian cases with DMC syndrome from nine unrelated

families. We aimed to emphasize the characteristic clinical

and radiological features in order to differentiate the con-

dition from other SEMDs and mucopolysaccharidosis

(MPS). Patients were subjected to detailed history taking,

three-generation family pedigree analysis, complete phys-

ical examination, anthropometric measurements, quantita-

tive estimation, and two-dimensional electrophoresis of

glycosaminoglycans in the urine and measurement of

a-L-iduronidase and galactose-6-sulfatase enzyme activities

to exclude Hurler and Morquio diseases (MPS type I and

MPS type IVA), respectively. Other investigations were

carried out whenever indicated. All patients were the off-

spring of consanguineous apparently normal parents.

Positive family history and similarly affected sibs were

noted, confirming the autosomal recessive inheritance

pattern of the syndrome. Short stature, microcephaly, var-

iable degree of MR, and coarse facies were constant fea-

tures. The frequency of characteristic orthopedic and

radiological findings was reported. Orthopedic surgical

intervention was carried out for two patients.

Conclusions The study concluded that DMC syndrome

may be more frequent in Egypt than previously thought,

especially due to misdiagnosis. Characteristic facial dys-

morphism, body habitus, and pathognomonic radiological

signs suggest the diagnosis and differentiate it from other

types of SEMDs and MPS for proper genetic counseling

and management.
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Introduction

Dyggve–Melchior–Clausen (DMC) syndrome is a rare

autosomal recessive type of skeletal dysplasia. The first

three cases with a condition resembling Morquio–Ullrich

disease were described by Dyggve et al. [1]. Although

some skeletal deformities in these cases were similar to

Morquio disease, the absence of corneal clouding, the

presence of mental retardation (MR), the absence of
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mucopolysacchariduria, and the characteristic radiological

findings differentiate this syndrome from mucopolysac-

charidosis (MPS) IV and other spondyloepimetaphyseal

dysplasias (SEMDs). DMC syndrome was listed as a dis-

tinct Mendelian entity by the McKusick-Nathans Institute

of Genetic Medicine in 1968 [2]. Since then, many reports

have included patients with the syndrome.

DMC syndrome (OMIM: 223800) is characterized by

the association of progressive SEMD, microcephaly, MR

ranging from mild to severe, and coarse facies. The

radiographic appearance of generalized platyspondyly with

double-humped end plates and the lace-like appearance of

iliac crests are pathognomonic and distinctive of DMC

syndrome [3, 4].

The disorder results from mutations in the DYM gene

mapped in the 18q12-12.1 chromosomal region [5]. Smith–

McCort dysplasia (SMC) (OMIM: 607326), a rare variant

of DMC syndrome without MR, was shown to be allelic to

DMC syndrome [6]. Both have been mapped to the same

region and mutations in the DYM gene were identified in

both conditions [7]. Most mutations in DMC predict a loss

of function, while those identified in SMC are mainly

missense mutations, presumably associated with residual

DYM activity that would be less deleterious to the brain

with a less severe phenotype [8].

In this report, we studied 15 Egyptian cases with the

DMC syndrome from nine unrelated families. Parental

consanguinity was 100%. We aimed to emphasize the

characteristic clinical, orthopedic, and radiological features

in order to differentiate the condition from other SEMDs

and MPS.

Subjects and methods

The study included 15 patients (seven males, eight females)

from nine unrelated families originating from different

governorates in Egypt. Patients were referred to us due to

short stature, skeletal abnormalities, or associated MR.

Their ages at presentation ranged from 3 to 17 years.

All cases were subjected to detailed history taking,

three-generation family pedigree analysis, complete

physical examination with emphasis on orthopedic find-

ings, anthropometric measurements (height, weight, head

circumference [HC], sitting height and upper/lower [U/L]

segment ratio), and whole-body skeletal survey. Quanti-

tative estimation and two-dimensional electrophoresis of

glycosaminoglycans (GAGs) were studied in the urine of

all patients to exclude the possibility of MPS [9, 10]. The

measurement of a-L-iduronidase and galactose-6-sulfatase

enzyme activities were done to exclude Hurler and Mor-

quio diseases (MPS type I and MPS type IVA), respec-

tively. Enzymatic assays were carried out according to

the methods described by Kresse et al. [11]. Computed

tomography of the brain, ophthalmologic examination

including slit lamp, hearing assessment, IQ, echocardi-

ography, abdomino-pelvic ultrasound, laboratory investi-

gations including blood picture, blood glucose, and serum

level of calcium, phosphorus, and alkaline phosphatase

were carried out whenever indicated. Two cases were

operated upon to relieve some of the associated ortho-

pedic knee complications that interfered with proper

walking.

Results

Genetic data

Table 1 shows the genetic data of the studied cases. All

patients were the offspring of consanguineous apparently

normal parents. Pregnancy and delivery histories were

irrelevant in all cases. Delayed motor and mental devel-

opment were noted by parents during the first few years of

age in all cases.

Clinical data

Short stature was a common finding, with a mean standard

deviation score (SDS) of height of -6.8 SD (ranging

between -3.7 and -12.6 SD). The U/L segment ratio was

decreased in 11 cases, denoting more affection of the trunk.

Microcephaly was present in all cases with a mean SDS of

head circumferences of -4.1 SD (ranging between -3.0

and -5.3 SD). The mean SDS of the patient weight was

-3.53 SD.

MR was variable, ranging from moderate to severe. All

cases had low hair line, narrow forehead, simple prominent

ears, and coarse features in the form of long philtrum,

macrostomia, thick lips, prominent premaxilla, and mac-

rognathia. Protruding abdomen and generalized hirsutism

were common findings in most patients. No corneal

clouding, hearing deficit, cardiac anomalies, or organo-

megaly were detected in any case. Tone and reflexes were

normal. External genitalia were normal in all cases.

Orthopedic manifestations and their frequencies are

shown in Table 2. Figures 1 and 2 illustrate the clinical

manifestations, including coarse facies and skeletal

abnormalities, in DMC syndrome.

Radiological data

The frequencies of the main radiological findings in the

studied cases are shown in Table 3. The characteristic

microcephaly, platyspondyly with central depression of

end plates exhibiting a double-hump shape, broad ribs,
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narrow small pelvis with fine sclerotic bony irregularity

giving a lace-like appearance of iliac crests, irregular

acetabular cavities, wide symphysis pubis, and medially

rotated femoral heads are shown in Fig. 3.

Computed tomography of the brain was normal in all

cases, except for one case with central and cortical atrophic

changes, who had dysarthric speech and stereotyped

movements with no apparent environmental insult or

associated condition.

Biochemical investigations

GAGs in urine were elevated in six patients. Two-dimen-

sional electrophoretic separations of GAGs revealed nor-

mal pattern. The enzyme activity of a-L-iduronidase and

galactose-6-phosphatase was normal in all cases. Other

laboratory tests, including blood count, blood glucose,

urine analysis, and serum calcium, phosphorus, and alka-

line phosphatase were normal in all cases.

Discussion

Our study included nine unrelated Egyptian families with

15 affected patients consistent with the clinical and

radiological findings of DMC syndrome. The presence of

consanguinity in all families, affected males and females,

and the occurrence of affected sibs confirm the autosomal

recessive pattern of inheritance in the syndrome. Segre-

gation analysis and study of consanguineous data confirm

that DMC syndrome is an autosomal recessive disorder

[12].

Growth parameters in our cases indicated dispropor-

tionate short stature with more affection of the upper

Table 1 Genetic data of the studied cases

Case numbers Sex Age at presentation

(years)

Consanguinity Other similarly

affected family members

Family 1

Case 1 F 17 ? Affected sibs

Case 2 M 16 ? Affected sibs

Case 3 F 14 ? Affected sibs

Case 4 F 13 ? Affected sibs

Family 2

Case 5 F 16 ? Affected sib and history of an affected

cousin, offspring of consanguineous

parents

Case 6 M 14 ? Affected sib and history of an affected

cousin

Family 3

Case 7 F 10 ? History of two affected cousins, offspring

of consanguineous parents

Family 4

Case 8 F 4 ? –

Family 5

Case 9 M 10 ? –

Family 6

Case 10 M 3 ? History of an affected cousin, offspring

of consanguineous parents

Family 7

Case 11 F 8 ? Affected sib

Case 12 M 7 ? Affected sib

Family 8

Case 13 M 11 ? History of two affected sibs

Family 9

Case 14 M 17 ? Affected sib

Case 15 F 5 ? Affected sib

F female; M male; ? positive consanguinity
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segment in most cases. Rhizomelic shortening of limbs,

mainly upper limbs, was noted in all cases and micro-

cephaly was a universal finding. Stature was less affected

in patients below 5 years of age, which might be attributed

to genetic potential or the progression of short stature with

age. Follow up every 6 months was scheduled to study the

growth and development over time, which will provide a

better idea of growth parameters in the syndrome with the

progression of age. The degree of MR was variable in our

studied cases. Most cases were severely retarded, in

agreement with previous reports. Mild MR was reported by

Galasso et al. [13].

All of the studied patients had variable degrees of coarse

facies, most notably with increased age and more severe in

males than in females. Prominent mandible was described

in DMC syndrome [3, 4, 14]. Although characteristic

skeletal manifestations were described in the syndrome,

this study is the first to analyze of the frequency and degree

of orthopedic deformities in 15 cases with DMC syndrome.

Pigeon-shaped chest with flaring of the lower ribs, exag-

gerated lumbar lordosis, broad interphalangeal joints, and

brachydactyly were present in 100% of patients. Short neck

with elevated shoulder joints, rhizomelic shortening of the

upper limbs, short deformed chest with pectus carinatum

deformity, and genu valgum (asymmetric in one-third of

cases) were present in almost all cases. Scoliosis and ky-

phosis were present in more than 50% of cases. The

severity of skeletal deformities was not the same on both

sides in the same patient and there were different degrees

of affection in different patients. Limited extension of

variable joints was present in 46% of our cases; this limited

movement was reported in the syndrome, unlike hyperex-

tensibility, which is noted with Morquio disease [3].

One case in this series had additional unreported man-

ifestations, including dysarthric speech, stereotyped

movements, and cortical brain atrophy, with no apparent

associated disorder or history of environmental insult,

which may expand the phenotypic spectrum of the

syndrome.

Most characteristic radiological features in DMC syn-

drome were documented in our patients. These included

microcephaly with facial bones disproportionately large

with respect to the cranium, epiphyseal dysplasia, irregular

metaphyses, proximal involvement of the limb bones with

variable shortening of their shafts, and metaphyseal wid-

ening [4]. There is generalized platyspondyly with central

constriction of vertebral bodies [15]. The changes are most

prominent between the ages of 8 and 12 years. In adults,

the vertebral bodies become more rectangular in shape [3].

A pathognomonic radiological sign is small iliac wings

with lacy appearance of iliac crests, which was found to be

caused by bone tissue deposited in a wavy pattern at the

osteochondral junction [16]. Other reported signs in the

pelvis and hip joint are small ilium with diminished ver-

tical height, wide irregular sacroiliac joint, small sacroiliac

notch, hypoplastic acetabulum, delayed hypoplastic

deformed femoral head and neck, femoral neck beaked

medially, bilateral dislocation of the hip joint, and wide

symphysis pubis [3]. Carbonell et al. [17] used magnetic

resonance imaging (MRI) to evaluate DMC cases and

concluded that MRI provides a much clearer definition of

the aspects of bone dysplasia that are related to the syn-

drome, including morphologic changes in the soft tissue

and cartilage of spine, hips, and knees.

The peculiar radiographic signs in the pelvis, as well as

in the spine, represent the most consistent skeletal findings

in DMC syndrome. In SEMDs, the double hump with

Table 2 Frequency of the main orthopedic manifestations in the

studied Dyggve–Melchior–Clausen (DMC) syndrome cases

Finding No. of cases with

positive finding

Frequency

%

Pigeon-shaped chest 15/15 100

Flaring of lower ribs 15/15 100

Exaggerated lumbar lordosis 15/15 100

Broad metaphyses of long

bones

15/15 100

Broad interphalangeal joints 15/15 100

Brachydactyly 15/15 100

Short neck 14/15 93

Short chest 14/15 93

Rhizomelic shortening of the

upper limbs

14/15 93

Elevated shoulder joints 13/15 86

Pectus carinatum deformity 13/15 86

Genu valgum 14/15

5 cases had asymmetric

affection

93

Scoliosis 11/15 73

Kyphosis 8/15 53

Limited extension of joints 7/15 46

Knee joints 4/15

Elbow joint 1/15

Interphalangeal joints 2/15

Genu varus 1/15 6

Others

Bilateral clinodactyly of the

fifth fingers

5/15 33

Flat feet 3/15 20

Prominent heels 3/15 20

Camptodactyly of the fingers 1/15 6

Genu varus 1/15 6

Talipes equinovarus 1/15 6

Bowing of the femur and

tibia

1115 6
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central constriction is absent. The vertebrae show anterior

pointing and narrowed disk spaces with premature degen-

eration changes, sclerotic irregular end plates, and no

odontoid hypoplasia, while in Morquio disease, there is

anterior pointing with thoracolumbar hypoplasia of the

vertebrae, gibbus formation, distal radial, and ulnar obliq-

uity at the wrist joint and proximal metacarpal pointing.

Biochemical analysis of our studied cases showed an

increased amount of GAGs in the urine in six cases with

normal pattern of electrophoresis and enzyme assays,

excluding the presence of mucopolysaccharidosis. Histo-

chemical studies were carried out by Horton and Scott [18],

showing fibrous resting cartilage matrix that consisted in

many areas of randomly oriented bundles of loosely woven

fibers stained as collagen. The chondrocytes were exces-

sively vacuolated and many contained cytoplasmic inclu-

sions that stained as protein. Engfeldt et al. [19] found

increased amounts of GAGs in the cartilage in cases with

DMC syndrome and indicated that the ability of proteo-

glycan monomers to reaggregate to hyaluronic acid chains

was decreased, suggesting that DMC dysplasia is due to

disturbance in proteoglycan metabolism. On the other

hand, Beck et al. [20] investigated DMC fibroblasts for

abnormal proteoglycan degradation and confirmed normal

function. Elevated pipecolic acid levels in plasma and urine

with normal results of other studies of peroxisomal

function were detected in a child with DMC syndrome by

Roesel et al. [21]. To date, the lysosomal pathway appears

normal in DMC patients and biochemical analysis failed to

reveal any enzymatic deficiency or accumulated substrate

[22, 23].

Linkage studies using homozygosity mapping have led

to the localization of the disease-causing gene (DYM) on

chromosome 18q12-q21.1 [5, 24]. Most mutations identi-

fied in DMC syndrome predict a loss of function of a gene

proposed by El Ghouzzi et al. [25] as Dymeclin, which

may have a role in the process of intracellular digestion of

proteins. The DMC gene transcript is widely distributed,

but appears abundant in chondrocytes and the fetal brain

[25]. DYM mutations associated with DMC result in mis-

localization and the subsequent degradation of Dymeclin.

Osipovich et al. [26] established Dymeclin as a novel

protein involved in Golgi organization and intracellular

traffic. Dimitrov et al. [27] stated that permeabilization

assays revealed that Dymeclin is not a transmembrane but a

novel peripheral protein of the Golgi apparatus which

shuttles rapidly between the cytosol and mature Golgi

membranes.

The abnormal gene has a wide geographical distribution

and has been encountered in families from different

countries. The fact that many reported cases came from

an Arab origin, cases from Morocco, Gaza [3], Lebanon

Fig. 1 Case 13 at the age of 11 years. a Frontal view. b Lateral view
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[8, 14, 28], and Egypt [29, 30], suggests a relatively high

frequency of the DYM gene in Arabs, which is a finding

that needs further confirmation. This was also pointed out

by Teebi [31]. It would be of interest to characterize the

mutations of our cases.

Characteristic facial dysmorphism and body habitus

suggest the diagnosis of DMC syndrome, which should be

confirmed by radiological findings. Differentiation from

MPS (types I and IV) and other types of SEMDs is

important in order to provide accurate genetic counseling

and proper management. Rodrı́guez Rodrı́guez et al. [32]

pointed to the diagnostic difficulty of DMC syndrome due

to its similarity to Morquio disease (MPS type IV). The

initial clinical presentation may be similar, but the intel-

lectual prognosis is different [33]. The absence of corneal

clouding, deafness, and cardiac anomalies in addition to the

characteristic radiological findings of DMC helps in dif-

ferentiation. Enzyme assays are essential for the definite

diagnosis of MPS. A distinct form of SEMD with micro-

cephaly and MR but no lacy appearance of iliac wings was

described only once by Bieganski et al. [34] in three boys

in a pattern consistent with X-linked recessive inheritance

(OMIM: 300232). Another type of SEMD with MR,

microcephaly, ataxia, and dysmorphic features without

lacy iliac pelvic crest and absence of mutation in the DYM

gene was described by Geneviève et al. [35]. Khosravi

et al. [36] reported three sibs with some radiographic and

chondro-osseous morphologic findings resembling DMC

syndrome, yet, the clinical course did not fit due to

Fig. 2 Case 14 at the age of 16 years. Note coarse facies and skeletal

anomalies

Table 3 Frequency of the main radiological features in the studied

DMC syndrome cases

Finding No. of cases with

positive finding

Frequency

%

Microcephaly 15/15 100

Misshaped long bones 15/15 100

Short humeri with flattened heads 15/15 100

Small irregular delayed

ossification of epiphyses

15/15 100

Broad metaphyses with irregular

surface

15/15 100

Short metacarpals and phalanges

with broad metaphyses

15/15 100

Medially deviated femoral necks 15/15 100

Abnormally shaped pointed

femoral head

15/15 100

Small iliac bone 15/15 100

Irregular surface of iliac bones

(lace-like appearance)

15/15 100

Irregular shallow acetabular roof 15/15 100

Wide symphysis pubis 15/15 100

Platyspondyly (rectangular shape) 15/15 100

Upper and lower surface

constriction of the vertebral body

15/15 100

Exaggerated lumbar lordosis 15/15 100

Disfigured chest 14/15 93

Broad ribs 14/15 93

Hanging clavicles 13/15 86

Scoliosis 11/15 73

J-shaped sella 9/15 60

Subluxation of the hip or

dislocated femoral heads

8/15 53

Kyphosis 8/15 53

Small deep sacrosciatic notch 6/15 40

Thick calvaria 4/15 26

Osteoporosis 4/15 26

Others:

Increased intracranial digital

markings

2/15 13

Odontoid hypoplasia 2/15 13

Healed fracture of long bones 2/15 13

Subluxation of the left fibular

head and bowing of the fibula

2/15 13

Lateral tibial subluxation 1/15 6

Abnormal talocalcaneal

articulation

1/15 6
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progressive central nervous system (CNS) degeneration,

resulting in early death during infancy. The fact that no

enzyme deficiency has yet been discovered should be

explained to the patients, indicating the unavailability at

present of enzyme replacement therapy, which is now the

treatment of choice for certain types of MPS.

Although the prognosis for survival is better in DMC

syndrome than in Morquio disease and the physical dis-

ability is less, the associated MR makes it a more handi-

capping disease. Patients with DMC syndrome may require

orthopedic femoral osteotomy, total hip arthroplasty, early

meniscectomy, realignment osteotomy, or posterior cervical

spine fusion. Treatment with temporary epiphysiodesis

using a two-hole plate was performed in a male patient at the

age of 8 years of this series to treat genu valgum deformity.

Another case, a 16-year-old boy, was suffering from severe

valgus knee deformity and was treated by femoral and tibial

osteotomies and gradual correction. Atlantoaxial instability-

induced spinal cord compression is a serious and

preventable complication that should be considered. Kan-

dziora et al. [37] presented anterior transarticular atlanto-

axial screw fixation as an alternative if posterior and

transoral fixation are impossible. Hosny and Fabry [38]

performed Chiari pelvic osteotomy to halt hip subluxation in

a Belgian patient with DMC syndrome, but follow up

showed that progressive lateral migration of the femoral

head seemed to have been unaffected by the procedure.

Despite the expected difficult airway due to short neck,

macroglossia, and the disturbance of neck flexion, Eguchi

et al. [39] experienced no complications, including

malignant hyperthermia, with anesthetic management of a

patient with DMC syndrome. Two cases in this series had

been operated upon and did not suffer from these

complications.

DMC syndrome may be more frequent in Egypt than

previously thought, especially due to misdiagnosis. The

high consanguinity rate in our society favors autosomal

recessive disorders. Accurate diagnosis is a pre-requisite

for proper genetic counseling and management. Awareness

of the characteristic features of the syndrome will prevent

misdiagnosis. Molecular studies and the identification of

DYM gene mutations are important steps to provide an

insight into the genetic heterogeneity of the families and

improve the management of patients with DMC syndrome.
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