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In 1938, Jarcho and Levin (1938) first described a
syndrome of malformations with abnormal fusion
of thoracic vertebrae and ribs associated with a
short trunk and respiratory insufficiency. At pre-
sent, Jarcho-Levin syndrome is an eponym used
to describe a variety of clinical phenotypes,
consisting of short-trunk dwarfism associated
with rib and vertebral anomalies. Two phenotypic
subtypes of spondylothoracic dysostosis and
spondylocostal dysostosis have recently been
proposed.

Synonyms and Related Disorders

Costovertebral dysplasia; Costovertebral segmen-
tation anomalies; Spondylocostal dysostosis/dys-
plasia (Jarcho-Levin syndrome);
Spondylothoracic dysostosis/dysplasia (Lavy-
Moseley syndrome)

Genetics/Basic Defects

1. Inheritance and molecular defects (Cornier
et al. 2003)
1. The presence of considerable genetic het-

erogeneity with varied clinical presenta-
tions and associated abnormalities
(Roberts et al. 1988)

2. Spondylothoracic dysostosis or Lavy-
Moseley syndrome
1. Autosomal recessive inheritance

(Romeo et al. 1991; Bautista et al. 1997)
2. Linked to chromosome 2q32.1
3. More severe respiratory compromise
4. Largely linked to Puerto Rican cohorts

and is thought to be associated to the
MESP2 gene, also a Notch pathway
gene

3. Spondylocostal dysostosis or Jarcho-Levin
syndrome (Whittock et al. 2004; Turnpenny
and Young 2013)
1. Inheritance: either autosomal recessive

(Turnpenny et al. 1991; Turnpenny and
Young 2013) or autosomal dominant
(Rimoin et al. 1968).

2. Mutations in the delta-like three gene
(DLL3) on chromosome 19q13.1-q13
(Bulman et al. 2000; Turnpenny
et al. 1999, 2003; Bonafe et al. 2003).
1. As the major cause of autosomal

recessive spondylocostal dysostosis.
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2. DLL3 (Dunwoodie et al. 2002)
encodes a ligand in the Notch gene
signal pathway. When mutated,
defective somitogenesis occurs
resulting in a consistent and distinc-
tive pattern of abnormal vertebral seg-
mentation affecting the entire spine.

3. Mutated mesoderm posterior two homo-
log gene (MESP2) that codes for a basic
helix-loop-helix transcription factor was
found to cause spondylocostal
dysostosis in one consanguineous family
with two affected children (linkage to
15q21.3-15q26.1) (Whittock
et al. 2004; Cornier et al. 2008).

4. Mutation of the Lunatic Fringe gene in
humans causes spondylocostal
dysostosis with a severe vertebral phe-
notype (Sparrow et al. 2006).

5. Autosomal dominant spondylocostal
dysostosis is caused by mutation in
TBX6 (Sparrow et al. 2013a).

6. Mutation of HES7 in a large extended
family with spondylocostal dysostosis
and dextrocardia with situs inversus
(Sparrow et al. 2013b)

2. Pathogenesis
1. Vertebral anomalies: probably attributed to

defective segmentation of the somite at
about the fourth or fifth week of
intrauterine life.

2. Costal anomalies: probably secondary to
the vertebral anomalies.

3. Pax1 and Pax9 might be required for the
phenotypic expression of Jarcho-Levin syn-
drome (Bannykh et al. 2003).

Clinical Features

1. Spondylothoracic dysostosis (Herold
et al. 1988; Karnes et al. 1991; Mortier
et al. 1996; Cornier et al. 2004)
1. Vertebral segmentation and formation

defects throughout cervical, thoracic, and
lumbar spine
1. Hemivertebrae
2. Block vertebrae

3. Unsegmented bars
2. Fusion of all the ribs at the costovertebral

joints bilaterally
3. Absence of intrinsic rib anomalies
4. Other clinical features

1. Short-trunk dwarfism
2. Craniofacial features

1. Brachycephaly
2. Low posterior hairline
3. Prominent nasal bridge
4. High-arched palate

3. Short and rigid neck
4. Short thorax
5. Protuberant abdomen
6. Inguinal and umbilical hernias
7. Urinary tract abnormalities
8. Talipes equinovarus

5. Prognosis: poor but not an invariably lethal
condition with 56% of survival among the
prospectively evaluated patients
1. Normal intelligence
2. Progressive kyphosis and neurologic com-

promise complicating spondylothoracic
dysplasia in infancy (Jarcho-Levin
syndrome) (Mooney and Emans 1995;
Martinez-Frias and Urioste 1994)

3. Respiratory complications such as
pneumonia

4. Congestive heart failure
5. Pulmonary hypertension

2. Spondylocostal dysostosis (Karnes et al. 1991;
Mortier et al. 1996)
1. Constitutes a heterogeneous group of radio-

logic phenotypes with axial skeletal
malformations

2. Generally milder phenotype
3. Multiple vertebral segmentation and forma-

tion defects
4. Typical findings

1. Intrinsic asymmetric rib anomalies
1. Broadening
2. Bifurcation
3. Fusion

2. No symmetric fusion of the ribs
3. Do not display a fanlike configuration of

the thorax
4. No cervical spine anomalies in some

patients
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5. Short-trunk dwarfism
5. Associated anomalies

1. Congenital heart disease
2. Urogenital and anal anomalies
3. Limb abnormalities
4. Torticollis
5. Diaphragmatic, umbilical, and inguinal

hernias
6. Prognosis (Hayek et al. 1999)

1. A good prognosis, due in part to the
asymmetry of the thoracic anomalies
resulting in a less restrictive thorax

2. Long survival
3. Normal intelligence

Diagnostic Investigations

1. Radiography (Cornier et al. 2003)
1. Spondylothoracic dysostosis

1. Bilateral fanning of the ribs with poste-
rior fusion, giving the appearance of a
common origin of ribs at the posterior
thoracic spine

2. A decreased number of cervical, tho-
racic, and lumbar vertebrae

3. Multiple vertebral segmentation and for-
mation defects
1. Block and wedge vertebrae
2. Unsegmented bars
3. Hemivertebrae
4. Anterior-posterior-lateral failure of

closure
4. Symmetric posterior fusion of the ribs:

characteristic radiographic finding
(Berdon et al. 2011)

2. Spondylocostal dysostosis
1. Multiple vertebral formations and seg-

mentation defects along the entire
spine
1. A decreased number of cervical, tho-

racic, and lumbar vertebrae
2. Block and wedge vertebrae
3. Agenesis of the coccygeal region
4. Progressive scoliosis of the thoracic

spine due to tethering effect second-
ary to the rib anomalies

2. Asymmetric intrinsic rib malformations

1. Broadening
2. Bifurcation
3. Fusion
4. Do not display a fanlike configuration

of the thorax as in spondylothoracic
dysostosis

3. Asymmetrical abnormalities of the ver-
tebral bodies and ribs: characteristic
radiographic finding (Berdon et al. 2011)

2. Reconstructed tridimensional CT scan of the
chest
1. Spondylothoracic dysostosis

1. Bilateral rib fusion at the costovertebral
junction.

2. Segmentation and formation defects in
all cervical, thoracic, and lumbar verte-
brae. Sacrococcygeal regions are spared
from any abnormality.

3. Increase in the coronal diameter of the
thoracic and lumbar vertebrae which
acquire a sickle-like appearance.

2. Spondylocostal dysostosis
1. Varying extent of the thoracic fusion
2. Thoracic fusion always asymmetric with

respect to each side of the thorax
3. Increase in the coronal diameter of the

thoracic and lumbar vertebrae which
acquire a sickle-like appearance

3. Pulmonary function tests for restrictive lung
disease

4. Molecular genetic analysis (Turnpenny and
Young 2013)
1. DLL3 mutations in spondylocostal

dysostosis (homozygous or compound het-
erozygous mutations).

2. Other subtypes are defined by identification
of two mutant alleles in other three genes
known to be associated with autosomal
recessive spondylocostal dysostosis:
MESP2, LFNG, and HES7.

Genetic Counseling

1. Recurrence risk
1. Autosomal recessive inheritance (spondy-

lothoracic dysostosis and spondylocostal
dysostosis)
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1. Patient’s sib: 25%
2. Patient’s offspring: not increased unless

the spouse is also a carrier; in which
case, there is a 50% risk of having an
affected offspring

2. Autosomal dominant inheritance
(spondylocostal dysostosis)
1. Patient’s sib: not increased unless a par-

ent is affected; in which case, there is a
50% risk of having an affected sibling

2. Patient’s offspring: 50%
2. Prenatal diagnosis by ultrasonography

1. Ultrasonography (Tolmie et al. 1987; Marks
et al. 1989; Eliyahu et al. 1997; Lawson
et al. 1997; Kauffmann et al. 2003).
1. Grossly distorted thoracic and lumbar

spine
2. Marked kyphoscoliosis
3. Multiple vertebral segmentation

anomalies
4. Fanned ribs from fused thoracic verte-

bral bodies (Wong and Levine 1998)
5. A small chest with foreshortened spine
6. Increased fetal nuchal translucency

thickness (Hull et al. 2001)
7. Inguinoscrotal hernia in a fetus with ver-

tebral anomalies: a clue for Jarcho-Levin
syndrome and other pathologies that
increase abdominal pressure (Basaran
et al. 2010)

2. Three-dimensional computed tomography
of fetal spondylothoracic dysostosis at
23 weeks’ gestation (Ranes et al. 2012).

3. Prenatal diagnosis by molecular genetic
analysis of DLL3 (Whittock et al. 2003),
MESP2 (Whittock et al. 2004), LFNG, or
HES7 gene mutations by sequencing entire
coding region of fetal DNA obtained from
amniocentesis or CVS, provided the
disease-causing allele has been previously
identified.

4. Preimplantation genetic diagnosis may be
available for families in which the disease-
causing mutations have identified
previously.

3. Management (Cornier et al. 2003)
1. Minimize positive end-expiratory pressure

to avoid bronchopulmonary dysplasia.

2. Continuous feeding instead of in boluses to
avoid stomach distension that will lead to
increase diaphragmatic pressure.

3. Aggressive treatment of infections.
4. Treat the spinal deformities.
5. Management of thoracic insufficiency syn-

drome in patients with Jarcho-Levin syn-
drome using VEPTRs (vertical expandable
prosthetic titanium ribs): improves thoracic
symmetry, control spinal deformity, and
was associated with improved clinical
respiratory function (Karlin et al. 2014).
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Fig. 1 (a–d) Two infants (a, c) with spondylocostal dysostosis with typical crablike deformities of the chest with fused
ribs (radiographs) (b, d)
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Fig. 3 Radiographs of another infant with
spondylothoracic dysostosis showing severe chest
deformity

Fig. 2 (a, b) Radiographs
of another infant with
spondylocostal dysostosis
showing fused ribs and
fused vertebrae
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Fig. 4 (a–d) An Arabic female newborn (a) was evalu-
ated for multiple vertebral and rib anomalies. Her prenatal
ultrasound showed vertebral anomalies, hydramnios, and
possible TE fistula. Postnatally, she was noted to have short
neck, short chest, and protuberant abdomen. The postnatal
radiographs (b–d) showed vertebral segmentation and for-
mation defects throughout cervical, thoracic, and lumbar
spine. Fusion of the ribs was present. Clinical diagnosis of
Jarcho-Levin syndrome was made. The parents are first

cousins. Molecular genetic diagnosis showed positive
DLL3 mutation. This patient is apparently homozygous
in the DLL3 gene for a frameshift mutation defined as
c.329delTwhich is predicted to result in premature protein
termination (p.Val110GlyfsStope22). This particular muta-
tion has not been reported previously. However, it is the
type expected to be pathogenic (e.g., Turnpenny
et al. 2003). The homozygous c.329delT mutation is very
likely the cause of recessive spondylocostal dysostosis
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Fig. 5 (a–c) The previous
infant (a) at 3 months of age
with follow-up X-rays (b, c)
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