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ABSTRACT

Background: Arthrogryposis multiplex congenita is the wusual
misdiagnosis given for children born with multiple joint dislocation
syndromes. The purpose of the study was to refute the term
arthrogryposis multiplex congenita as well as contractures and
replace them with a precise diagnostic entity.

Methods: Eight unrelated children referred to our orthopaedic
departments with the presumptive misdiagnosis of arthrogryposis
multiplex because of multiple joint contractures. Five boys and
three girls (aged 1 month-5 year) and one adult-15-year-old-boy
have been included. We performed extensive clinical and
radiographic phenotypic characterization of every single patient
associated with confirmatory genotype.

Results: We accomplished the diagnoses in all these children.
Three diagnostic entities emerged. Larsen syndrome, diastrophic
dysplasia and Escobar syndrome. The genotype has been
performed accordingly.

Conclusion: The reason for presenting this study is threefold;
Firstly, to illustrate the necessity of the etiological diagnosis in
children with the misdiagnosis of arthrogryposis multiplex congenita
in connection with the presumptive misdiagnosis of fetal
akinesia, Pena-Shokeir ~ syndrome or  congenital myopathy.
Secondly, full consideration of the phenotypic characterization and
the additional pathological features allowed us to achieve proper
management. Thirdly, is to clarify that excessive vigorous attempts
to correct the dislocations in children with skeletal dysplasia were
felt to not be recommended because of the risk of damaging the
dysplastic epiphyses.

Keywords: Congenital multiple contractures; Arthrogryposis
Multiplex congenita; Clinical phenotype; Radiological phenotype;
Genotype
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1. Introduction

Children born with multiple joint contractures are
almost  always given the diagnosis of
arthrogryposis multiplex congenita. Multiple joint
contracturesis a  heterogeneous group of
disorders. The etiology of multiple congenital
contractures stems from diverse etiological
backgrounds, such as osteogenic (skeletal
dysplasia, heritable forms of connective tissue
disorders and syndromic associations),
neurogenic/myogenic as in lesions of the central
nervous system and with myogenic metabolic
disorders, and so forth 1.2

Fetal akinesia (OMIM 208150) was the most
common syndromic misdiagnosis given to our group
of children, since the vast majority of babies born
with multiple joint contractures, which are routinely
explained on bases connected to decreased fetal
movement during intrauterine life. These reasons
encompassed prenatal pathologies adversely
correlated to one of the following; cerebral, spinal
cord and or peripheral neuromuscular 3. Pena-
Shokeir syndrome (OMIM 20815) was another
misdiagnosis given to two children with multiple
congenital joint contractures 4.

Congenital myopathy (multicore disease) (OMIM
255320) has been wrongly considered in one
enfant because of multiple contractures and severe
muscle wasting 5. Comprehensive clinical and
radiological phenotypic characterization is the
only methodology to confirm or rule out the
above-mentioned misdiagnoses. We were able to
refute the aforementioned misdiagnoses and three
diagnostic entities of Larsen syndrome, diastrophic
dysplasia and Escobar syndrome have been
respectively diagnosed in our group of children.

Larsen syndrome (OMIM 150250) autosomal
dominant type characterized by distinguished
facial dysmorphic features of prominent forehead,
flat face with mid-face hypoplasia, widely spaced
eyes and a depressed nasal bridge. In some
children cleft palate and or cleft uvula can be
present. Congenital multiple joint dislocations,
particularly of the hips, elbows and the knees
(give the phenotype of genu recurvatum). Scoliosis,
cervical spine malformation, mostly hypoplasia of
the mid cervical vertebral bodies causing
unpleasant cervical kyphosis. The hands are with
cylindrical fingers associated with relatively short
metacarpals with notable supernumerary carpal
bones associated with broad and irregular
metacarpal bones. There is lack of distal tapering
of proximal and middle phalanges and premature
fusion of epiphyses and shaft of the first distal
phalanx. Club foot, mostly pes equinovarus with
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forefoot torsion are frequent. Extra calcaneal
ossification center appearing in late infancy or
later which eventually fusing with the main
ossification center mostly on the age of 8-year of
age ¢9. Children with autosomal dominant type of
Larsen syndrome showed heterozygous mutation in
FLNB mapped on 3pl14.3 encoding an actin-
binding protein, filament B 10,

Diastrophic  Dysplasia is a severe  short  limb
dysplasia (OMIM 222600), is characterized at
birth by multiple joint contractures, mostly the
shoulders, elbows, interphalangeal joints and hips.
Notable abnormalities are short limbs, especially
rhizomelic shortening, severe talipes, hitch-hiker
thumbs, a cleft palate in many, a characteristic
swelling of the pinnae, which assumes the
character of a cauliflower ear (usually appearing
between the first day and the 12t week of life).
Cleft palate is seen in 50 % of babies with
diastrophic dysplasia. Progressive kyphosis of the
cervical spine and progressive thoraco-lumbar
kyphosis in correlation with irregular deformities of
the vertebral bodies associated with narrowing of
the interpedicular distances mainly over the lower
spine segments are frequent findings. Respiratory
problems, due to a narrow chest and micrognathia,
can be a cause of early mortality. Radiologically
there is shortening of the first metacarpal,
irregular lengths of the metacarpals, and bizarre
ossification of the hand bones. Distinctive flattening
of the epiphyses with marked retardation of the
capital femoral epiphyses because of under
ossification '1-13, Hastbacka et al., isolated the
gene by positional cloning (a novel sulphate
transporter gene DTDST). Hastbacka et al.,
reported the Finnish founder mutation (GT->GC
transition (c.-26+2T>C)) in the splice donor site of
a previously undescribed 5'-untranslated exon of
the DTDST gene 14-16,

Infants born with the non-lethal Escobar syndrome
variant  (OMIM  26500) are  manifesting
distinguished facial dysmorphic features
associated with multiple joint contractures, giving
the wrong clinical phenotype of arthrogryposis
multiplex  congenita.  Additional  overlooked
deformities of camptodactyly and club foot are
usually passed unnoticed by the clinicians and
mostly considered as part of the presumptive
diagnosis of arthrogryposis multiplex. Escobar
variant, is predominantly caused by homozygous
or compound heterozygous mutation in the CHRNG
gene 1618,

The current study points up the impact of the
immediate clinical and radiological phenotypic
characterizations as a paramount necessity through
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the delineating the etiological diagnosis in babies
with congenital multiple joint
contractures/arthrogryposis multiplex congenita.

A detailed clinical assessment for the parents,
siblings and relatives is empirical and can
immensely assist with precious data to establish the
diagnostic process.

2. Material and Methods

The study protocol was approved by the Ethics
Committee of the (llizarov Scientific Research
Institute, No.4 (50)/13.12.2016, Kurgan, Russia).
Informed consents were obtained from the
patient’'s Guardians. We fully documented children
through detailed clinical and radiological
phenotypic characterizations at the
osteogenetische ambulanz in orthopaedic Hospital
of Speising (Paediatric department), Vienna and
through the scientific collaboration of the first
author with llizarov Center, Kurgan, Russia and
with the department of Foot and Ankle Surgery,
Neuroorthopaedics and  Systemic  Disorders,
Paediatric Orthopaedic Institute n.a. H. Turner,
Saint Petersburg, Russia. Eight unrelated children
referred to our orthopaedic departments with the
presumptive  misdiagnosis of  arthrogryposis
multiplex because of multiple joint contractures.
Five boys and three girls (aged 1 month-5 year)

and one adult-15-year-old-boy have been
included.
Clinical and radiological phenotypic

characterizations are the first and the foremost
tools of investigation applied to babies/children
with congenital malformation complex.

The first task in clinical examination for babies with
congenital multiple contractures is to search for
growth abnormalities, dysmorphic craniofacial
features which includes, macrocephaly /
microcephaly, the size of the anterior fontanelle,
frontal bossing, facial asymmetry, hyper/
hypotelorism, nasal bridge, macro/microstomia,
length of the philirum, cleft lip/palate, the size
and position of the ears, pterygium colli, abnormal
skin stigmata (cafe-au lait spots, hemangioma,
hypo/ hyperpigmentations), congenital
cardiothoracic defects, rhizomelia. The spine for
congenital scoliosis or any abnormal skin dimples
or hair tuft. Morphology of the hands and feet, as
well as the phenotype of the external genitalia.
Musculo-skeletal examination to confirm or rule out
hypotonia/severe ligamentous hyperlaxity and or
stiff joints. Furthermore, excessive care has been
given to investigate the gestational history of
every child, through studying the antenatal,
prenatal and postnatal associated with precise
assessment of every unusual maternal event.
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Remarkable number of mothers who gave birth to
children with syndromic associations had had a
history of multiple spontaneous miscarriages
particularly in the first trimester, stillbirth and
perinatal mortalities. Maternal history of feeble
fetal uterine movements played a confusing factor
in including infants among the phenotypes of
arthrogryposis  with  subsequent  misdiagnosis
of fetal akinesia/Pena-Shokier syndrome. All these
markers are of utmost importance in monitoring the
foetal intrauterine growth and development. We
proceed with traditional laboratory investigations
encompassing, full blood tests, hormonal, screening
for mucopolysaccharidoses (MPSs) and so forth. In
two families, we excluded structural chromosomal
aberrations via 20 CAG-banded mitoses. There
were no microdeletions or microduplication after
performing Array-CGH-analysis. One of the
infants with Escobar syndrome has been
misdiagnosed with congenital myopathy (multicore
disease), because of evident multiple contractures
associated with severe muscle wasting and multiple
contractures. In this child webbing was not evident
at birth. Multiple pterygium were evident late in
his first year of life. Parents were first related
cousins raising the possibility of an autosomal
recessive pattern of inheritance. Vigorous
investigation included muscle biopsy and molecular
genetic  studies  for RYRT mutations  showed
negative results.

We subdivided our patients in accordance with the
definite diagnosis. Three diagnostic entities arise,

Larsen syndrome, diastrophic dysplasia and
Escobar syndrome.

3. Results

I. LARSEN SYNDROME

Three  unrelated  children  from  different

backgrounds aged (1 month-2 year). At birth all
showed the typical misleading musculoskeletal
history of hypotonia. Severe ligamentous
hyperlaxity associated with hypermobility of joints
associated with multiple joint contractures were
misleading signs for the paediatricians. Therefore,
different misdiagnoses emerged, ranging from
Pina Shokier syndrome to congenital myopathy
(multicore disease). All these children underwent a
series of sophisticated and highly costly
investigations, which all turned negative. Multiple
congenital joint dislocations associated with severe
ligamentous hyperlaxity were the major clinical
presentations.  Spine  malformations  yielded
variable spine mal-alignment. Ranging between
the life-threatening cervical spine kyphosis to the
more common thoraco-lumbar scoliosis. Entire
skeleton radiograph of a-one- month-old-girl with
Larsen syndrome showed the misleading
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phenotype of arthrogryposis multiplex congenita
(figure 1).

Figure 1. Entire skeleton radiograph of a-one- month-
old-girl with Larsen syndrome showed the misleading
phenotype of arthrogryposis multiplex congenita

Clinical phenotype of a —two-year-old —boy with
Larsen syndrome showed the full-blown picture of
typical craniofacial dysmorphic features of bossing
of the forehead, depressed nasal bridge,
hypertelorism, and dish-like face. Congenital
multiple joint dislocations, mostly involved the hips,
knees (genu recurvatum), and elbows. In addition
he manifested thoraco-lumbar  scoliosis in
connection with hemivertebrae and bilateral
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talipes equinovarus (figure 2,a). AP standing
pelvis-lower radiograph of a-2-year —old-boy
showed bilateral dislocated hips and medially
subluxed knees. Apparent epiphyseal
maldevelopment. Note bilateral talipes
equinovarus (figure 2,b). Lateral foot radiograph
of an 18-months.old-girl with Larsen syndrome
showed two ossification centres of the calcaneus

associated  metatarsophalangeal  subluxations
(figure 3 aq,b.). Two children manifested
heterozygous mutation in FLNB mapped on

3p14.3, encoding an actin-binding protein, filamin
B. The third child underwent sequencing to localize
the mutation hot spots of the FLNB-gene. Exons 2-4
and Exons 25 to 33. There were no mutations in
these exons, but gross deletions or insertions are
not covered with this analysis.

Clinical phenotype of a —two-year-old —boy with
Larsen syndrome showed the full blown picture of
typical craniofacial dysmorphic features of bossing
of the forehead, depressed nasal bridge,
hypertelorism, dish-like face. Congenital multiple
joint dislocations, mostly involved the hips, knees
(genu recurvatum), and elbows. In addition he
manifested thoraco-lumbar scoliosis in connection
with  hemivertebrae and bilateral talipes
equinovarus (figure 2,a). AP standing pelvis-lower
radiograph of a-2-year -—old-boy showed
bilateral dislocated hips and medially subluxated
knees. Apparent epiphyseal maldevelopment.
Note bilateral talipes equinovarus (figure 2,b).

blown picture of

thoraco-lumbar scoliosis

bilateral talipes

old-boy showed bilateral
dislocated hips and medially
subluxated knees. Apparent

bilateral
(figure 2,b).

talipes
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of a —two-year-old -boy with
Larsen syndrome showed the full
typical
craniofacial dysmorphic features of
bossing of the forehead, depressed
nasal bridge, hypertelorism, dish-
like face. Congenital multiple joint
dislocations, mostly involved the
hips, knees (genu recurvatum), and
elbows. In addition he manifested

connection with hemivertebrae and
equinovarus
(figure 2,a). AP standing pelvis-
lower radiograph of a-2-year —

epiphyseal maldevelopment. Note
equinovarus
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Figure 3 (a,b): Lateral foot radiograph of an 18-months.old-girl with Larsen syndrome showed two ossification
centres of the calcaneus associated metatarsophalangeal subluxations.

ll. DIASTROPHIC DYSPLASIA

Two infants  showing  micromelic  dwarfism
associated with flexion contractures of the
peripheral joints have been given the presumptive
diagnosis of arthrogryposis multiplex congenita
and the suggested misdiagnosis was Pina-Shokier
syndrome.

On the basis of comprehensive clinical and
radiological phenotypic characterizations, we
were able to establish a definite diagnosis of
diastrophic dysplasia. Cervical spine kyphosis was
present at birth, progression is expected and can
lead to hazardous medullary compression with
serious neurological deficits, which might end up in
quadriplegia and possibly death.

Six weeks old-boy was referred with the
misdiagnosis of Pina-Shokier syndrome. Clinical
examination showed pre and postnatal growth
retardation associated with rhizomelic shortening
of the limbs and micromelia associated with

overwhelming multiple joint contractures and
apparent  thoracic kyphosis. Craniofacial
dysmorphic features of frontal bossing with narrow
nasal root and broad mid-nose, cauliflower
deformity of the pinnae, microstomia, cleft palate
and micrognathia, lateral projection of thumbs (a).
3D reformatted CT scan of a -3- months —old boy
—with  diastrophic  dysplasia  showed life-
threatening cervical spine kyphosis in connection
with mal-segmentation of 3-5 cervical spine
segments associated with atlanto-axial instability
(figure 4, a). 3D reformatted CT scan of a -3-
month —old boy =—with diastrophic dysplasia
showed life-threatening cervical spine kyphosis in
connection with severe congenital hypoplasia of
C1-5 spine segments associated with atlanto-axial
instability (b). Mutations of the diastrophic
dysplasia sulfate trasporter (DTDST)gene have
been confirmed in one child. And for logistical
reasons, genetic study was to a certain extent
difficult to be done.

Figure 4 (a,b) Six weeks old-boy was referred with the misdiagnosis of Pina-Shokier syndrome. Clinical examination
showed Pre and postnatal growth retardation associated with rhizomelic shortening of the limbs and micromelia
associated with overwhelming multiple joint contractures and apparent thoracic kyphosis. Craniofacial dysmorphic
features of frontal bossing with narrow nasal root and broad mid-nose, cauliflower deformity of the pinnae,
microstomia, cleft palate and micrognathia, lateral projection of thumbs (a). 3D reformatted CT scan of a -3- months
—old boy —with diastrophic dysplasia showed life-threatening cervical spine kyphosis in connection with severe
congenital hypoplasia of C1-5 spine segments associated with atlanto-axial instability (b)
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lll. ESCOBAR SYNDROME (MULTIPLE PTERYGIUM
SYNDROME)

Two unrelated children from different backgrounds
(one girl and one boy, aged 2-4 year) and a -15-
year-old boy were referred to our departments
with  diagnosis of arthrogryposis multiplex
congenita. Clinical examination showed distinctive
facial features of a relatively mask-immobile face
with downturned corners to the mouth, epicanthic
folds and ptosis. Webs seen clearly at the neck,
axillae, antecubital, groin, popliteal region and in
between the comptodactyly fingers. The
phenotype of a -15-year-old-boy-showed the
apparent webbing of the axilla, pectus
excavatum, camptodactyly and the multiple inter-
digital —webbing (Figure 5). Lateral spine
radiograph in a-4-year-old-boy with Escobar
syndrome showed progressive thoraco-lumbar
kyphoscoliosis (figure 6,a). 3D Reconstruction Spine
CT scan of a-4-year-old-boy with Escobar
syndrome showed severe congenital scoliosis due
to non-segmented bar Th11-L5 on the left side
(figure 6,b).
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Figure 5. The clinical phenotype of a -15-year-old-
boy-showed the apparent webbing of the axilla, pectus
excavatum, camptodactyly and the multiple inter-digital
—webbing

Figure 6 (a,b) Lateral spine radiograph in a-4-year-old-boy with Escobar syndrome showed progressive thoraco-
lumbar kyphoscoliosis (figure 6,a). 3D Reconstruction Spine CT scan of a-5-year-old-boy with Escobar syndrome
showed severe congenital scoliosis due to non-segmented bar Th11-L5 on the left side (figure 6,b) (arrow).

4. Discussion

Infants born with abnormal joint contractions often
manifest a constellation of characteristic clinical
and radiological phenotypes that should reflect
their pathophysiology as well as the disrupted
anatomy and eventually in well trained physicians
can lead to definite diagnosis. Unfortunately, the
precise etiology behind the term arthrogryposis as
the causation of chronic locomotor disabilities in

children has been underestimated. Surprisingly, the
existence of minor or major craniofacial
dysmorphic  features and  variable  minor
malformations in most of the clinical sessions are
missed /overlooked by the vast majority of
pediatricians/physicians and drastically
considered as of no immediate priority as given to
sophisticated laboratory investigations which are
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supposedly the last in the list in the diagnostic
process.

Several congenital disabilities are still attributed
to be idiopathic. Genetic disorders in the fetus can
be understood as aberrations of the sequence of
normal growth and developmental processes and
are encompassed within a specific genetic
program and diverse forms of disorders. We
presented this group of children with complex
clinical presentations. Although the unusual and the
clear-cut clinical phenotype of these children were
evident at birth as well as the very suggestive
maternal and family histories. Sadly speaking, all
these markers have been largely neglected by the
pediatricians and neurologists. Unfortunately,
despite the tremendous published studies pointing
out the etiology of arthrogryposis, still a large
number of article correlated the reason of
arthrogryposis as is caused by lack of movement in
utero 9. In practice, lack of movement in utero is a
relative causation and its occurrence might be
either in connection with syndromic hypotonia, or
hypertonia. For instance, fetuses with cerebral
palsy have been described by mothers as being
moving all the time (in fact it is a sliding
fetal movement but not a normal physiological
activity). In the literature amyoplasia or “classic
arthrogryposis’ 'have been misclassified with a
misconception of being syndromes in children with
camptodactyly, distal arthrogryposis, several
symphalangism and popliteal syndromes 20,

Beals 2! described distal arthrogryposis type | as
the most common type characterized by clenched
hands with overlapping fingers, ulnar deviation,
and club feet and the hips are affected.
Obviously, he missed a sum of clinical signs of
great clinical importance, which were supposed to
be connected to build up either a recognizable or
a novel type of syndromic association. Other
previous studies stressed that distal arthrogryposis
is a separate diagnostic entity and molecular
genetics have been established accordingly 22 23
24, Unfortunately, it speaks that not only distal
arthrogryposis has been considered as a separate
clinical diagnostic entity. Others took a similar
approach, for instance Miller et al 2¢ discussed the
genetic analysis of structural elastic fiber and
collagen genes in familial adolescent idiopathic
scoliosis 25. Likewise, Bianco et al described what
they called the exact contribution of PITX1 and
TBX4 Genes in Clubfoot Development. The
aforementioned studies are not the adequate to
reach for the etiological understanding. Evidently,
it is all aligned with segmental medicine (isolated
deformities) and not with the fact that the human
body is a composite of multisystem which are

Aetiological Diagnosis of children with False Diagnosis of Arthrogryposis Multiplex

Congenita

anatomically and physiologically interrelated-
interconnected and can never be partitioned.

Toydemir et al 2?7, described Freeman-Sheldon
syndrome and Sheldon-Hall syndrome as the first
disorders in connection with distal arthrogryposis
type Il. Al Kaissi et al, 28 described, severe skew
foot deformity associated with metatarsus
adductus  in a child with Freeman-Sheldon
syndrome as an additional skeletal malformation
stem from a constellation of malformation complex.
and not as an isolated type Il distal arthrogryposis
Freeman-Sheldon 29 is a constellation of clinical
and radiological phenotypic criteria and can never
be restricted on segmental false basis in what’s
called distal arthrogryposis. Others, like Moore
and Weaver 30 described five individuals from a
multi-generational family study and described
type | distal arthrogryposis and facial
abnormalities in addition to a combination of
craniofacial abnormalities. This misconception is of
common practice. It reflects failure to categorize
the disrupted anatomy of the foot malformation
complex in connection with other minor or major
clinical and radiological abnormal features in the
same patient, which is immensely problematic. In
other words, lack of knowledge in interpreting the
detailed clinical and the anatomical malformations
via radiographs of the foot made distal
arthrogryposis as the easiest terminology chosen
by the vast majority of clinicians.

5. Conclusion

We considered that arthrogryposis multiplex
congenita is a symptom complex rather than a
distinctive diagnostic entity until proven otherwise.
Comprehensive clinical phenotypic and
radiological characterization are the base line
tools to initiate the diagnostic process in every
single child with multiple
malformations/deformities. The key factor for any
form of presumed syndrome can only be
considered when a detailed skeletal survey is
planned. Skeletal survey should include, lateral
skull radiograph, lateral and dynamic cervical
spine to assess C1/2, AP spine and lateral lumbar
radiographs.  Therefore, the necessity for
comprehensive clinical/radiological interpretations
of minor or major malformations is the cornerstone
in any successful clinical practice. My colleagues
and |, our main objectivity was and still is the
searching for aetiology understanding. We stress
that the genotype can rarely explain the extent of
skeletal malformation complex and or the natural
history of the disease. Revising the PubMed,
textbooks of congenital malformations, birth
defects, skeletal dysplasia, heritable connective
tissue disorders and so forth, clinicians can find
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more

than 311 syndromic entities in which

arthrogryposis multiplex congenita is a symptom
complex rather than a separate diagnostic entity.

Acknowledgements: We wish to thank the
cooperation of the families

Contribution: The authors contributed equally
to this work.

References

1.

Hall J. G. Arthrogryposis multiplex congenita:
etiology, genetics, classification, diagnostic
approach, and general aspects. Journal of
Pediatric Orthopaedics—Part B. 1997;6(3):
159-166

Aetiological Diagnosis of children with False Diagnosis of Arthrogryposis Multiplex

Congenita

Funding: No funding

Conflict: No potential conflicts of interest were
disclosed

13.

14.

Hall BD. Diastrophic dysplasia: extreme
variability within a sibship. Am J Med Genet
1996;63:28-33

Hastbacka J, Sistonen P, Kaitila I, et al. A
linkage map spanning the locus for diastrophic

2. Bamshad M, Van Heest A E, Pleasure D. dysplasia (DTD). Genomics 1991;11:968-973.
Arthrogryposis. A Review and Update. J. Bone 15. Hastbacka J, De la Chapelle A, Kaitila |, et al.
Joint Surg. Am. 2009, 91, 40-46 Linkage disequilibrium mapping in isolated

3. Hageman G, Willemse J, Van Ketel BA, et al. founder populations: diastrophic dysplasia in
The pathogenesis of fetal hypokinesia. A Finland. Nature Genetics 1992;2:204-211
neurological study of 75 cases of congenital 16. Karniski  LP. Mutations in the diastrophic
contractures with emphasis on cerebral lesions. dysplasia sulfate transporter (DTDST) gene:
Neuropediatrics 1987;18:22-33 correlation between sulfate transport activity

4. Adams C, Becker LE, Murphy EG. Neurogenic and chondrodysplasia phenotype. Hum Mol
arthrogryposis multiplex congenita: clinical Genet 2001;10:1485-1490.
and muscle biopsy findings. Pediatr Neurosci 17. Escobar V, Bixler D, Gleiser S, et al. Multiple
1988;14:97-102. pterygium syndrome. Am J Dis Child

5. Rowe PW, Eagle M, Pollitt C, Bullock RE, 1978;132:609-611.

Bushby KMD. Multicore myopathy: respiratory 18. Morgan NV, Brueton LA, Cox P, Greally MT, et
failure and paraspinal muscle contractures are al. Mutations in the embryonal subunit of the
important complications. Dev Med Child acetylcholine receptor (CHRNG) cause lethal
Neurol 2000;42:340-343. and Escobar variants of multiple pterygium

6. Larsen LJ, Schottstaedt ER, Bost FC. Multiple syndrome. Am J Hum Genet 2006;79:390-
congenital  dislocations  associated  with 395.
characteristic facial abnormality. J 19. Dahan-Oliel N, van Bosse H, Darsaklis VB,
Pediatr.1950; 37 :574 -581 Rauch F, Bedard T, Bardai G, James M, Raney

7. Tsang MCK, Lling JYK, King NM, Chow SK. E, Freese K, Hyer L, Altiok H, Pellett J,
Oral and craniofacial morphology of a Giampietro P, Hall J, Hamdy RC.
patient with Larsen syndrome. J Cranio Gen Epidemiology, aetiology, interventions and
Dev Bio 1986;6:357-362. genomics in children with arthrogryposis

8. Kozlowski K, et al. Radiographic findings in multiplex congenita: protocol for a multisite
Larsen's syndrome. Australas Radiol registry. BMJ Open. 2022; 28;12(10)
1974;18:336-344. 20. Hall JG (1997) Arthrogryposis multiplex

9. Krakow D, Robertson SP, King LM, Morgan T, congenita: etiology, genetics, classification,
et al. Mutations in the gene encoding filamin B diagnostic approach, and general aspects. J
disrupt vertebral segmentation, joint formation Pediatr Orthop B 6(3):159-166
and skeletogenesis. Nature Genet 21. Beals RK (2005) The distal arthrogryposes: a
2004;36:405-410. new classification of peripheral contractures.

10. Spranger J, Gerken H. Diastrophischer Clin Orthop Relat Res 435:203-210
Zwergwuchs. Z Kinderheilkd 1967;98:227- 22. Gowda M, Mohan S, Ramesh D, Chinta N.
234. Distal arthrogryposis type 5D in a South Indian

11. Makitie O, Kaitila I. Growth in Diastrophic family caused by novel deletion in ECELI1
dysplasia. J Pediatr 1997;130:641-647 gene. Clin Dysmorphol. 2021 1;30(2):100-

12. Poussa M, Merikanto J, Ryoppy S, et al. The 103.
spine  in  diastrophic  dysplasia.  Spine 23. Alesi V, Sessini F, Genovese S, Calvieri G,
1991;16:881-887. Sallicandro E, Ciocca L, Mingoia M, Novelli A,

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /5033 8



https://esmed.org/MRA/index.php/mra/article/view/5033

Medical
Research
Archives

24.

25.

26.

Medical Research Archives | https:

Moi P. A New Intronic Variant in ECEL1 in Two
Patients with Distal Arthrogryposis Type 5D. Int
J Mol Sci. 2021. 20;22(4).

Jin JY, Liv DY, Jiao ZJ, Dong Y, Li J, Xiang R.
The Novel Compound Heterozygous Mutations
of ECEL1 Identified in a Family with Distal
Arthrogryposis Type 5D. Biomed Res Int.
2020:2149342

Miller NH, Mims B, Child A, Milewicz DM,
Sponseller P, Blanton SH. Genetic analysis of
structural elastic fiber and collagen genes in
familial adolescent idiopathic scoliosis. Journal
of Orthopaedic Research. 1996;14(6):994—
999

Bianco AM, Ragusa G, Di Carlo V, Faletra F,
Di Stazio M, Racano C, Trisolino G, Cappellani
S, De Pellegrin M, d'Addetta I, Carluccio G,
Monforte S, Andreacchio A, Dibello D,
d'Adamo AP. What Is the Exact Contribution
of PITX1 and TBX4 Genes in Clubfoot

27.

28.

29.

30.

Aetiological Diagnosis of children with False Diagnosis of Arthrogryposis Multiplex

Congenita

Development? An ltalian Study. Genes (Basel).
2022.27;13(11):1958

Toydemir RM, Rutherford A, Whitby FG, Jorde
LB, Carey JC, Bamshad MJ (2006) Mutations
in embryonic myosin heavy chain (MYH3)
cause  Freeman—Sheldon  syndrome and
Sheldon—Hall syndrome. Nat Genet
38(5):561-565

Kaissi AA, Klaushofer K, Grill F. Severe skew
foot deformity in a patient with freeman-
sheldon syndrome. J Clin Med Res.
2011;3(5):265-7

Freeman EA, Sheldon JH. Cranio-carpotarsal
dystrophy: undescribed congenital
malformation. Arch Dis Child 1938;13:277-
283.

Moore CA, Weaver DD. Familial distal
arthrogryposis with craniofacial abnormalities:
a new subtype of type Il 2. Am J Med Genet
1989;33:231-237

esmed.org/MRA /index.php /mra/article /view /5033 9



https://esmed.org/MRA/index.php/mra/article/view/5033

