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Abstract 
Distal arthrogryposis type 5D (DA5D) is a rare autosomal recessive congen-
ital contracture disorder caused by biallelic variants in ECEL1. We describe 
a consanguineous family with three affected brothers showing a highly con-
cordant DA5D phenotype with variable clinical severity. The index patient 
was a 3-month-old male infant with bilateral genu recurvatum, adducted 
thumbs, bilateral hip flexion contractures, congenital ptosis, micrognathia, 
high-arched palate, cryptorchidism, and mild facial dysmorphism. Molecular 
genetic testing in all three affected siblings identified the same homozygous 
ECEL1 variant, NM_004826.4:c.104del, p.(Pro35ArgfsTer168), classified by 
the diagnostic laboratory as likely pathogenic. In the available laboratory re-
port, the deletion was shown to disrupt the translational reading frame and 
was reported at a gnomAD allele frequency of 0.012%, with no homozygous 
individuals reported at the time of testing. Across the three siblings, the most 
consistent manifestations were congenital knee extension deformity/genu re-
curvatum, thumb adduction, hip involvement, ptosis, and craniofacial ab-
normalities. The older siblings had greater orthopedic morbidity, including 
hip dislocation requiring surgery, and one had more extensive upper-limb 
contractures, pterygia, and developmental-language delay. The shared ho-
mozygous ECEL1 variant, together with the recurrent characteristic pheno-
type, supports familial segregation of ECEL1-related DA5D among the three 
affected brothers and illustrates intrafamilial phenotypic variability. Early 
recognition, multidisciplinary orthopedic and ophthalmologic care, rehabil-
itation, and genetic counseling are important. 
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1. Introduction 

Distal arthrogryposis (DA) comprises a heterogeneous group of inherited disor-
ders characterized by congenital contractures that predominantly affect the distal 
joints. Distal arthrogryposis type 5D (DA5D; OMIM #615065) is an autosomal 
recessive form caused by biallelic variants in the endothelin-converting enzyme-
like 1 (ECEL1) gene [1] [2]. ECEL1 is highly expressed in motor neurons and is 
involved in terminal motor axon arborization and neuromuscular junction devel-
opment during fetal life [2]. 

The recognizable clinical pattern includes congenital contractures of the hands 
and lower limbs, adducted thumbs, knee extension contractures, hip involvement, 
ptosis and/or ophthalmoplegia, and craniofacial findings such as micrognathia 
and a high-arched palate [1]-[4]. Additional manifestations, including hip dislo-
cation, scoliosis, respiratory involvement, cryptorchidism, and variable musculo-
skeletal abnormalities, have been reported [5]-[7]. Recent cohort data have em-
phasized fixed knee extension contractures as a useful early clinical clue to ECEL1-
related DA5D [8]. 

We report a family with three affected brothers born to first-cousin parents. 
Rather than attributing novelty to features already established in DA5D, this re-
port emphasizes the recurrence of the characteristic phenotype across siblings and 
the clinically important intrafamilial variation in orthopedic severity, distribution 
of contractures, ocular findings, and developmental outcome. 

2. Case Presentation 
2.1. Index Patient 

A 3-month-old male infant was referred for evaluation of multiple congenital con-
tractures and dysmorphic features. He was born at 38 weeks and 2 days of gesta-
tion by elective cesarean section because of previous cesarean deliveries. Birth 
weight was 3.21 kg. Apgar scores were 4, 8, and 9 at 1, 5, and 10 minutes, respec-
tively. After delivery, he required brief positive-pressure ventilation and was ad-
mitted to the neonatal intensive care unit for respiratory distress characterized by 
tachypnea, nasal flaring, and intercostal retractions. He received non-invasive res-
piratory support and improved clinically. 

The parents were first cousins. Two older brothers had a similar congenital con-
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tracture phenotype, while two sisters were unaffected. Molecular testing of the 
three affected brothers demonstrated the same homozygous ECEL1 c.104del, 
p.(Pro35ArgfsTer168) variant, supporting segregation of the disorder among the 
affected siblings. 

Examination showed marked bilateral genu recurvatum; bilateral hip flexion con-
tractures, with the hips maintained at approximately 90 degrees but with partial 
spontaneous movement; and bilateral adducted thumbs that could be passively ab-
ducted. Additional findings were bilateral congenital ptosis, micrognathia, high-
arched palate, bilateral undescended testes, and mild facial dysmorphism. Sponta-
neous movements and muscle bulk were preserved, and no clinical weakness was 
observed at the reported 3-month assessment. Feeding was adequate without chok-
ing or swallowing difficulty, and weight tracked around the 9th percentile. 

Newborn metabolic screening was normal. Echocardiography showed a small 
2-mm patent foramen ovale without other structural cardiac abnormalities. Mo-
lecular genetic analysis was performed by whole-exome sequencing (WES), with 
enrichment and sequencing of the coding exons of more than 20,000 genes. WES 
identified a homozygous frameshift variant in ECEL1 (NM_004826.4), c.104del, 
p.(Pro35ArgfsTer168), chr2:233351259. The deletion disrupts the translational 
reading frame. The laboratory reported the variant at a gnomAD allele frequency 
of 0.012%, with one heterozygous individual and no homozygous individuals re-
ported at the time of testing, and stated that it had not previously been described 
in the literature according to HGMD 2020.3. Considering the molecular finding 
together with the strongly supportive phenotype, the diagnostic laboratory classi-
fied the variant as likely pathogenic and considered a genetic diagnosis of ECEL1-
related distal arthrogryposis type 5D (OMIM 615065) very likely. Parental segre-
gation analysis was recommended to confirm homozygosity, with targeted molec-
ular testing offered to family members. The formal criteria framework used by the 
laboratory to classify this primary ECEL1 variant was not explicitly stated in the 
available report. 
 

 

Figure 1. Skeletal survey images of the index patient. The right paracardiac opacity seen on 
the chest radiograph/scout image corresponds to the dome of the liver. 
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The patient was referred to orthopedic surgery, ophthalmology, physiotherapy, 
and clinical genetics. At the time represented by the available records, no long-
term post-referral outcome was documented; therefore, the manuscript does not 
infer outcomes beyond the reported assessment (See Figure 1 and Figure 2). 

 

 

Figure 2. Chest CT of the index patient showing scattered atelectatic bands with 
granular opacity in segments of the right upper and lower lobes. 

2.2. Older Affected Sibling 1 

The first older affected brother had bilateral hyperextension of the knees (genu 
recurvatum) from birth, which was partially corrected with casting. He also had 
adducted thumbs that could be passively abducted, bilateral hip flexion contrac-
tures, micrognathia, dysmorphic facial features, and partial right-sided ptosis. Later 
examination additionally documented rocker-bottom feet and restricted shoulder 
rotation. He was followed by orthopedic services and underwent surgical treat-
ment for bilateral hip dislocation and bilateral femoral shortening. 

His genetic testing demonstrated the same homozygous ECEL1 NM_004826.4:- 
c.104del, p.(Pro35ArgfsTer168) variant identified in the index patient, supporting 
ECEL1-related distal arthrogryposis type 5D. Cognitive ability was reported as 
normal. Respiratory history was incompletely documented; a later ENT review 
recorded no shortness of breath or cough and described him as clinically well. 
Ongoing orthopedic and ophthalmologic follow-up and educational assistance for 
physical tasks were recommended (See Table 1). 

2.3. Older Affected Sibling 2 

The second-oldest affected brother had bilateral knee extension deformity/genu 
recurvatum, an adducted thumb, hip flexion abnormality, micrognathia, ptosis, 
and dysmorphic features. His musculoskeletal involvement was more extensive, 
with contractures of the shoulders, elbows, wrists, and knees, and pterygia of the 
neck and elbows. He also underwent surgery for bilateral hip dislocation and bi-
lateral femoral shortening. Examination documented clear lungs with non-la-
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bored respiration, and no chronic respiratory complication was recorded in the 
available report. 

Earlier documentation described normal cognitive function; however, later de-
velopmental assessment recorded delayed milestones and language delay. At a 
chronological age of 3 years 8 months, his language age was estimated at approx-
imately 2 years 6 months, with phonological errors affecting speech intelligibility. 
He was described as cooperative and sociable with good attention, and speech/lan-
guage therapy and peer integration were recommended. Because the available rec-
ords contain differing descriptions of cognition, we report the objective develop-
mental-language findings without attributing a specific intellectual phenotype to 
ECEL1. 

 
Table 1. Clinical comparison of the three affected siblings. 

Feature Index Patient Older Sibling 1 Older Sibling 2 Interpretation in DA5D 

Knee extension  
deformity/genu  

recurvatum 
Bilateral, marked 

Bilateral; partially  
corrected with casting 

Bilateral extension  
contractures/genu  

recurvatum 

Highly characteristic; one  
of the most consistent  
features in this family 

Thumb involvement 
Bilateral adducted  
thumbs, passively  

abductable 

Adducted thumb (s),  
passively abductable 

Adducted thumb 
Common and  
characteristic 

Hip involvement 
Bilateral flexion  

contractures 

Bilateral flexion  
contractures; later bilateral  

hip dislocation surgery 

Hip flexion abnormality;  
later bilateral hip  

dislocation surgery 

Common; severity  
increased in older siblings 

Ptosis/ocular finding 
Bilateral congenital  

ptosis 
Partial right unilateral  

ptosis 

Ptosis documented;  
examination also  

described bilateral ptosis 

Common ocular  
manifestation; variable  

laterality/severity 

Micrognathia/facial  
dysmorphism 

Micrognathia,  
high-arched palate,  
mild dysmorphism 

Micrognathia, flat  
nasal bridge, low-set  

ears, full forehead 

Micrognathia, round  
face, short neck 

Recognized craniofacial  
spectrum 

Other  
contractures/pterygia 

No additional sites  
documented beyond  
hips/knees/thumbs 

Restricted  
shoulder rotation;  
rocker-bottom feet 

Shoulder, elbow, wrist  
and knee contractures;  

neck and elbow pterygia 

Shows intrafamilial  
variability in  

distribution/severity 

Respiratory course 

Transient neonatal  
respiratory distress;  

improved with  
non-invasive support 

Later review: no  
shortness of  

breath/cough; full early  
history unavailable 

Clear lungs, non-labored  
respiration; no chronic  

respiratory complication  
documented 

No persistent respiratory  
phenotype established in  

available records 

Development/cognition 
No clinical  

developmental concern  
reported at 3 months 

Cognitive function  
reported as normal 

Language/developmental  
delay documented on later  

assessment 

Mostly preserved cognition  
is typical, but developmental  

outcome can vary 

Molecular evidence 

Homozygous ECEL1  
NM_004826.4:c.104del,  
p.(Pro35ArgfsTer168);  

laboratory classification:  
likely pathogenic 

Same homozygous ECEL1  
NM_004826.4:c.104del, 
p.(Pro35ArgfsTer168)  

variant confirmed 

Same homozygous ECEL1  
NM_004826.4:c.104del, 
p.(Pro35ArgfsTer168)  

variant confirmed 

Same homozygous variant in  
all three affected brothers  

supports familial segregation  
and autosomal recessive  

inheritance 
 

Molecular testing demonstrated the same homozygous ECEL1 NM_004826.4:- 
c.104del, p.(Pro35ArgfsTer168) variant identified in the index patient and the other 
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affected brother. The concordant molecular finding, together with his character-
istic congenital contracture phenotype, supports the diagnosis of ECEL1-related 
distal arthrogryposis type 5D (See Table 1). 

3. Discussion 

ECEL1-related DA5D is a rare autosomal recessive congenital contracture syn-
drome with a recognizable but variably expressed phenotype [1] [2]. Across pub-
lished series, the most frequently recurring manifestations include adducted 
thumbs and other hand contractures, fixed knee extension contractures, hip con-
tractures or dislocation, ptosis or ophthalmoplegia, and craniofacial abnormalities 
such as micrognathia [1]-[4]. The three brothers in this family reproduce this core 
pattern remarkably consistently: all had knee extension deformity/genu recurva-
tum, thumb adduction, hip involvement, ptosis, and craniofacial abnormalities. 
This concordance is the strongest clinical justification for interpreting the family 
phenotype as DA5D. 

The present family should not be interpreted as establishing genu recurvatum, 
ptosis, hip disease, or micrognathia as novel manifestations, because each is al-
ready recognized in ECEL1-related disease. Instead, its contribution is the demon-
stration of marked intrafamilial variability superimposed on a shared core pheno-
type. The index infant had severe bilateral genu recurvatum and hip flexion con-
tractures but preserved spontaneous movement and no clinical weakness at 3 
months. The older siblings showed greater orthopedic burden, including bilateral 
hip dislocation requiring surgery and femoral shortening; one also had contrac-
tures of the shoulders, elbows, and wrists, and pterygia of the neck and elbows. 
Hip dislocation, pterygia, scoliosis, and broader musculoskeletal involvement have 
been reported in the expanded DA5D spectrum [5]-[7]. 

Fixed knee extension contractures are particularly relevant. An Indian cohort 
identified this pattern as a recognizable early musculoskeletal clue to ECEL1-re-
lated arthrogryposis [8]. Bilateral genu recurvatum or knee extension contractures 
were present in all three affected brothers in the present family, making this the 
most consistent and clinically useful shared orthopedic feature. In a neonate or 
infant from a consanguineous family, the combination of knee extension deform-
ity with adducted thumbs, hip contractures, ptosis, and micrognathia should 
therefore prompt consideration of ECEL1-related DA5D. 

The mechanism is consistent with impaired development of motor innervation 
rather than a progressive primary myopathy. ECEL1 encodes a neuronal mem-
brane-associated metalloprotease involved in terminal motor axon branching; ex-
perimental data support impaired axonal arborization and abnormal neuromus-
cular junction development as a basis for fetal hypokinesia and congenital con-
tractures [9]. This also explains why the disease is generally non-progressive and 
why cognition is often preserved despite substantial orthopedic disability. Long-
term studies nevertheless demonstrate persistent orthopedic and ophthalmologic 
morbidity requiring multidisciplinary care [10] [11]. 
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Developmental findings in the second older sibling warrant cautious interpre-
tation. However, an earlier record described normal cognitive function, and a later 
assessment documented developmental-language delay. Because the available data 
do not establish causality or a consistent intellectual phenotype, the finding is best 
presented as an associated outcome in this individual rather than as a defining or 
novel feature of ECEL1-related DA5D. This cautious approach is consistent with 
the broader literature, in which phenotypic severity can vary among individuals 
carrying ECEL1 variants, including within families [5] [10] [12]. 

Molecular testing in all three affected brothers demonstrated the same homo-
zygous ECEL1 NM_004826.4:c.104del, p.(Pro35ArgfsTer168) frameshift variant. 
In the available diagnostic laboratory report, this variant was classified as likely 
pathogenic, was reported at a gnomAD allele frequency of 0.012%, with one het-
erozygous carrier and no homozygotes reported at the time of testing, and was 
predicted to disrupt the translational reading frame. The identification of the same 
homozygous variant in all three clinically affected brothers provides strong famil-
ial segregation evidence and, together with the first-cousin parental relationship 
and absence of the phenotype in the two sisters, is consistent with autosomal re-
cessive inheritance. Parental carrier testing was recommended by the laboratory; 
parental molecular results were not available in the records reviewed. 

Early molecular diagnosis is clinically valuable because it can prevent unneces-
sary investigations, guide anticipatory orthopedic and ophthalmologic manage-
ment, support rehabilitation planning, and permit accurate recurrence-risk coun-
seling. For an autosomal recessive condition, the recurrence risk is 25% for each 
pregnancy when both parents are confirmed carriers. Prenatal or preimplantation 
genetic testing can be considered when the familial pathogenic variant is molecu-
larly established. 

4. Limitations 

This report is limited by its retrospective reliance on available clinical records. Mo-
lecular laboratory results confirmed the same homozygous ECEL1 NM_004826.4:- 
c.104del, p.(Pro35ArgfsTer168) variant in all three affected siblings, supporting 
familial segregation among the affected brothers. A detailed WES report was avail-
able and documented the testing method, ECEL1 transcript, zygosity, population 
frequency, and laboratory classification of the variant. However, the formal crite-
ria framework applied by the laboratory to the classification of the primary ECEL1 
variant was not explicitly stated, and parental segregation results were not availa-
ble. Follow-up data for the index infant after multidisciplinary referrals were also 
not available. These limitations are stated explicitly to avoid overinterpretation of 
parental carrier status or long-term outcome. 

5. Conclusion 

This consanguineous family with three genetically confirmed affected brothers 
demonstrates the highly recognizable clinical pattern of ECEL1-related distal ar-
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throgryposis type 5D. All three siblings carried the same homozygous ECEL1 
NM_004826.4:c.104del, p.(Pro35ArgfsTer168) variant, classified by the diagnostic 
laboratory as likely pathogenic, providing strong molecular support for familial 
segregation. The most consistent shared findings were bilateral knee extension 
deformity/genu recurvatum, adducted thumbs, hip involvement, ptosis, microg-
nathia, and facial dysmorphism. These manifestations are established rather than 
novel features of DA5D. The principal contribution of the family is the demon-
stration of intrafamilial variability in severity despite an identical homozygous 
ECEL1 variant: the older siblings had more substantial orthopedic morbidity, and 
one had broader upper-limb contractures, pterygia, and developmental-language 
delay. Marked knee extension deformity in combination with adducted thumbs, 
hip contractures, and ptosis should raise early suspicion for ECEL1-related dis-
ease, especially in consanguineous families. Molecular confirmation, multidisci-
plinary management, and genetic counseling remain central to care. 
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