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Steel syndrome (STLS, OMIM# 615155) is a rare skeletal dysplasia associated
with biallelic pathogenic variants in COL27A1 gene. To date, more than 60
patients with STLS have been reported in the literature, the majority of whom
are Puerto Rican. STLS in all individuals from this population is associated with
the homozygous p.Gly697Arg missense variant, confirming the founder effect.
Meanwhile, just 17 cases from 14 unrelated non-Puerto Rican families have
been reported, including two fetuses. Here we present two pediatric cases of
STLS from Russian and Uzbek populations, associated with two novel compound
heterozygous splice variants c.2673 + 4A > G, ¢.2619 + 1G > A and a novel
homozygous missense variant c.3988G > C p. (Glyl1330Arg). Splicing assay
was performed to investigate the novel donor splice site variants’ effects on
MRNA structure and expression. Both cases demonstrated skeletal features
characteristic of STLS, including acetabular dysplasia or hip dislocation, carpal
coalition, radial head dislocation, with additional extraskeletal manifestations
observed in one patient. A review of 63 STLS cases revealed key diagnostic criteria
present in the majority of individuals, though phenotypic variability was observed
depending on variant type and population origin. It is proposed that biallelic
Gly substitutions within the triple-helical domain associated with the ‘classic’
skeletal phenotype of STLS initially characterized in Steel's study. In contrast,
patients with homozygous or compound heterozygous frameshift or nonsense
variants more frequently demonstrate a higher prevalence of extraskeletal
manifestations and severe short stature. Our study expands the genetic and
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clinical spectrum of STLS in non-Puerto Rican populations and explores potential
genotype-phenotype correlations, which will contribute to early disease
diagnosis and the selection of optimal patient management strategies, avoiding
unnecessary interventions.
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1 Introduction

Steel syndrome (OMIM# 615155) is a rare autosomal recessive
skeletal dysplasia, caused by biallelic pathogenic variants in
COL27A1 gene. The main clinical and radiological features include
congenital hip and radial head dislocation, carpal coalition,
acetabular dysplasia, short stature, and craniofacial dysmorphism.
It was first delineated by Steel et al. in 1993, who reported a
cohort of 23 Puerto Rican patients exhibiting similar clinical
manifestations (1). Later, Flynn et al. described an additional
14 patients from the same population, and re-examined 18
subjects from Steel’s cohort (1, 2). The presence of hip and
radial head dislocations combined with joint laxity allowed for
the inclusion of Larsen and Ehlers-Danlos syndromes in the
differential diagnosis, while short stature suggested achondroplasia
and pseudoachondroplasia. However, using targeted approaches
to identify causative variants in disease-related genes, such as
COL5A1, COL1AI, COMP, and FGFR3, did not yield any results
(2). In 2015 Gonzaga-Jauregui et al. identified potential founder
homozygous pathogenic variant c¢.2089G > C p. (Gly697Arg)
in COL27A1 causing Steel syndrome in a Puerto Rican family
through exome sequencing (3). To date, approximately 66
patients with STLS have been reported in the literature, 51 of
whom are of Puerto Rican origin (1, 2, 4). Additionally, two
fetuses from one Caucasian family with suspected STLS were
described by Frigola et al. (5). Molecular genetic testing was
performed on a total of thirty-six individuals, including two
fetuses. Among them eighteen were of Puerto Rican origin and
one Hispanic, with all cases homozygous for the p.Gly697Arg
variant, consistent with a founder effect (3, 6-8). In non-Puerto
Rican patients twenty nucleotide variants were found, six of
which resulted in Gly amino acid substitutions located in the
triple-helical domain. Currently, two acceptor splice-site variants:
¢.3556 - 2A > G, c4261 - 1G > A and one donor splice-
site variant ¢.3249 + 1G > T have been reported in three
unrelated families of Yemeni, Emirati, and Caucasian origin (5,
9, 10). Gradually accumulating data continue to expand the
spectrum of not only radiological but also clinical manifestations
of Steel syndrome, including various extraskeletal features such as
sensorineural hearing loss, coloboma, genitourinary anomalies, and
developmental delay (11-13).

Here, we report two pediatric cases of Steel syndrome:
one associated with two novel compound heterozygous splice
variants, and the other with a novel homozygous missense
variant in COL27A1 gene. We also explore potential genotype-
phenotype correlations based on a review of clinical and
radiological features in all reported cases with pathogenic variants
in COL27A1.
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2 Materials and methods

Blood samples were collected from the probands and their
unaffected parents. Genomic DNA was extracted using standard
methods. Whole-exome sequencing (WES) was used to perform
DNA diagnosis in the probands. RT-PCR followed by deep
sequencing was performed to analyze the mRNA structure of
the two novel variants, using RNA extracted from the skin
fibroblasts of proband 1 and his mother. Statistical analysis
was performed to evaluate the prevalence and significance of
clinical and radiological features reported in patients with Steel
syndrome. Detailed description of the clinical, genetic, functional,
and statistical methods used to analyze reported patients with Steel
syndrome is provided in Supplementary Material 1.

3 Clinical reports

A detailed clinical and radiological data were obtained from two
unrelated patients. All participants gave informed consent to the
clinical and radiological examination and the publication of their
anonymized data.

3.1 Family 1

A 3-year-old boy (Proband 1; P1), the only child in the family,
was referred to a geneticist due to short stature, lower limb
deformities, and progressive scoliosis. His parents were healthy,
non-consanguineous individuals of Russian origin. During this first
pregnancy, a prenatal ultrasound at 28 weeks revealed placental
insufficiency, oligohydramnios, and intrauterine growth restriction
grade 2-3. A preterm delivery was performed at 33 weeks and
4 days, by emergency cesarean section due to the progression of
fetoplacental insufficiency. Birth weight was 1720g (—1.44 SD),
the length - 41cm (—2.04 SD), and the Apgar score was 4/5.
Immediately after birth, he was admitted to the intensive care
unit due to respiratory failure and depressed consciousness, and
was placed on mechanical ventilation for 2 days. During the early
orthopedic examination, the following clinical and radiological
features were observed: sternocleidomastoid muscle injury, right-
sided torticollis, C3 vertebral instability, wedge-shaped deformity
of C3 and C4 vertebrae with cervical kyphosis, mild acetabular
dysplasia, congenital scoliosis, planovalgus deformity of the left foot
and equinovarus deformity of the right foot. Additionally, bilateral
cryptorchidism was detected. Independent walking was achieved
at 21 months, indicating delayed motor development. By 3 years,
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the child had achieved phrasal speech, consistent with mild speech
delay. At 3.5 years bilateral sensorineural hearing loss (SNHL)
grade 2-3 was diagnosed.

Upon examination by a geneticist at 3 years 8 months,
characteristic facial dysmorphism was observed, including
with forehead,
hypertelorism, broad nasal bridge, micrognathia. His height
was 90cm (—2.4 SD), weight - 14.1kg (- 0.99 SD) and head

circumference - 46 cm (—2.61 SD). Further phenotypic features

oval-shaped face asymmetry, prominent

included kyphoscoliosis, nipple hypertelorism, restriction of elbow
extension and right-sided equinovarus deformity (Figure 1). At the
follow-up examination at 5 years, his height was 100cm (- 1.75
SD), indicating the absence of severe growth retardation.

3.2 Family 2

A 7-year-old boy (Proband 2;P2) was referred to a
geneticist due to lower limb deformities, gait abnormalities,
and congenital hip dislocation that had not improved with
conservative or surgical approaches. He is the first child of
healthy, third-generation consanguineous parents of Uzbek origin
(Supplementary Material 2 Figure S2). There are also two healthy
siblings - a boy and a girl, 3 and 1.5 years old, respectively. It
was the first delivery at term. The birth weight was 3600 g (0.07
SD), the length - 50cm (—0.38 SD), and the Apgar score was
7/8. Shortly after birth left-sided torticollis, acetabular dysplasia
and congenital hip dislocation were identified. Conservative
management with splinting was initiated at six months of age.
At 2 years, skeletal traction without significant positive outcome
was performed. Hip arthroplasty was subsequently performed at
ages two, three, and four, however, neither procedure resulted in
substantial clinical benefit. His motor and cognitive development
were age-appropriate. However,
achieved only at 4 years due to orthopedic limitations. At the

independent walking was

age of 6, first-degree conductive hearing loss was diagnosed,
linked to severe adenoid hypertrophy. At 7 years, his height
was 111cm (—1.74 SD), weight - 18kg (—2.01 SD) and head
50.5cm (—0.52 SD). The observed facial
phenotype includes an oval-shaped face, a prominent forehead,

circumference -

hypertelorism, hypoplasia of the midface, broad nasal bridge
and a cup-shaped right auricle with hypoplasia of the helix.
Additional features included mild left-sided torticollis and scapular
asymmetry, pectus excavatum, nipple hypertelorism, scoliosis,
pelvic torsion, genu valgum more prominent on the right-side,
bilateral shortening of the 4th and 5% toes, pes planovalgus.
Significant hypermobility of the interphalangeal joints, as well
as contractures in the elbow and knee joints, were also observed
(Figure 1).

3.3 Molecular and splicing analyses

WES was performed on P1 and P2 due to their phenotypic
features, which were suggestive of rare skeletal dysplasia. In P1,
two heterozygous novel splice variants were identified in COL27A1
(NM_032888.4): c.2619 + 1G > A in intron 17 and c.2673 +
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4A > G in intron 18. Segregation analysis by Sanger sequencing
confirmed their inheritance from the parents. The c.2619 + 1G
> A variant was classified as pathogenic (PM2, PVS1, PP3)
according to ACMG guidelines, while the ¢.2673 + 4A > G
variant was categorized as a variant of uncertain significance
(PM2, PP3) (14).

In P2, novel homozygous missense variant ¢.3988G > C p.
(Gly1330Arg) was identified in COL27A1. This variant is present
in population controls in gnomAD (v4.1.0) with a frequency
of 6.212e-7. The AlphaMissense score is 0.972 classifying as
likely pathogenic (15). Segregation analysis by Sanger sequencing
confirmed its inheritance from the parents. This variant was
classified as likely pathogenic (PM1, PM2, PP3, PP2) according to
ACMG guidelines (14).

To investigate the variants’ effects on mRNA structure and
expression we developed an RT-PCR system targeting the mRNA
locus spanning exons 16 to 19 and including both nucleotide
variants. RT-PCR analysis of a control sample followed by
deep targeted sequencing revealed two alternative splicing events
between exons 16 and 17: one producing the reference isoform and
another generating an alternative transcript due to the activation of
a cryptic donor splice site in exon 16, resulting in an 8-nucleotide
truncation of exon 16. This isoform, designated AB058773 and
recorded in the GenBank database, lacks a complete open reading
frame (ORF) due to an 8-nt truncation and is predicted to be
non-functional based on premature termination.

For the ¢.2619 + 1G > A variant, a bioinformatic analysis
was first conducted using the SpliceAl predictor (v1.3.1), which
predicted disruption of both the acceptor and donor splice sites
of exon 17 (delta scores 0.81 and 0.91, respectively). Subsequent
RT-PCR analysis of total RNA from the proband’s blood samples
revealed not only the two expected reference isoforms (similar to
controls) but also a significant proportion of aberrant transcripts
with exon 17 skipped. In silico predictions supported these findings,
indicating that ¢.2619 4+ 1G > A causes exon 17 skipping, resulting
in an in-frame deletion of 18 amino acids p. (Gly856_Lys873del).

Bioinformatic analysis of the ¢.2673 + 4A > G variant
suggested a potential effect on the canonical splice sites of exon
18 (delta scores 0.34 and 0.37). In this case, RNA analysis was
performed on mRNA samples isolated from the proband’s and his
mother’s fibroblasts. Deep sequencing data visualized in Sashimi
plots confirmed the presence of both two reference isoforms and
an aberrant transcript with exon 18 skipped (Figure 2). Based on
the bioinformatic analysis, we conclude that ¢.2673 4 4A > G leads
to exon 18 skipping, producing another 18-amino acid deletion
p-Gly874_Leu891del. Both variants detected in the proband cause
splicing defects, likely contributing to the phenotype. This evidence
supported reclassification of variant ¢.2673 + 4A > G as likely
pathogenic (PM1, PM2, PM4, PP3) (14).

4 Discussion

We report two novel cases of Steel syndrome in pediatric
patients of Russian and Uzbek origin. The clinical manifestation of
STLS in our patients included hallmark features such as acetabular
dysplasia or congenital hip dislocation, radial head dislocation,
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carpal coalition and facial dysmorphism. In P1, the disease was  (Glyl330Arg) located in the triple-helical domain of the protein
associated with two novel splice variants in the COL27A1 -  was identified.

c2619 + 1G > A and c.2673 + 4A > G, causing skipping COL27A1 gene is located on human chromosome 9q32-
of exons 17 and 18, confirmed by RT-PCR followed by deep 33 and consists of 61 exons. The proal(XXVII) protein,
sequencing. In P2 a homozygous missense variant c.3988G > C p.  encoded by this gene, is 1860 amino acids long and like

FIGURE 1

P1 phenotype at the age of 3.6 years (A, B) and at 5 years (C—F). P2 phenotype at the age of 7 years (G-J). Prominent forehead, hypertelorism, mild
rhizomelic limb shortening, mild pectus excavatum, bilateral 5" finger clinodactyly, genu valgum and mild partial cutaneous syndactyly of 2"9 and 3¢
toes were observed in both probands. P1 radiological findings at 10 months (A.1) and 5 years (B.1-F.1). P2 radiographs at 1 year (G.1;H.1) and at 6
years (1.1-K.1). (A.1) Normally centered hip joints with mild acetabular dysplasia, rotational subluxation of the knee presented with dorsally displaced
proximal fibula (black arrow). (B.1;C.1) Severe thoracic scoliosis (white broken line), ‘tall’ vertebral bodies (black arrows). (D.1) Normally centered hip
joints with mild acetabular dysplasia (white arrows) with mild undercoverage of the femoral heads (white dotted lines). (E.1) Radial head dislocations
(red arrows), multiple fusions of the carpal bones (black arrows). (F.1) Valgus knee deformity (black lines), lateral dislocation of the patella (white
arrows), lateral and rotational subluxation of the tibiae. (G.1) Bilateral hip dislocation, dysplastic acetabulae (acetabular index 45° marked with the
black lines). (H.1) Frog-leg position under the general anesthesia during an attempt of close reduction demonstrates irreducibility of the dislocations;
non-ossified proximal femora marked with white broken lines. (I.1) Radiograph of the hips after surgery: residual hip dislocation, deformed proximal
femoral neck and head oriented onto the supraacetabular region (white arrows); acetabular cavities are empty (marked with black broken lines). (3.1)
Radial head dislocations (red arrows), multiple fusions of the carpal bones (black arrows), abnormal ossification pattern of the second metacarpals —
pseudoepiphysis of the base of the second metacarpal bones (white arrows). (K.1) Valgus knee deformity (black lines); lateral dislocation of the
patella (white arrows), lateral and rotational subluxation of the tibiae.
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FIGURE 2

Splicing assay performed in Proband 1. (A) Pedigree of the P1 family. (B) The inclusion of both the canonical and cryptic donor splice sites of exon
16 leads to alternative splicing, which was detected in all three studied samples. (C) The sashimi plot illustrates the results of deep targeted RNA
sequencing performed on fibroblast cultures (proband, mother, control). However, the father's skin fibroblasts were unavailable for analysis. The
proband showed exon 17 skipping on one allele and exon 18 skipping on the other. The maternal sample exhibited an aberrant transcript lacking

10.3389/fmed.2026.1730466

exon 18 in addition to the wild-type COL27A1 mRNA

other proteins belonging to this large family contains a
triple-helical domain composed of repeating Gly-Xaa-Yaa
motifs (16). It is significantly expressed in cartilage, eye, inner
ear structures, bronchial and lung epithelium, ameloblasts in
developing teeth, as well as major heart arteries during early
embryonic development, which may explain the presence
of extraskeletal features such as sensorineural hearing loss,
crowded teeth, septal defects, and partial syndactyly in patients
with STLS (6, 16). However, in later developmental stages and
throughout adulthood, its expression remains predominantly
restricted to cartilage, especially within the growth plate,
which undergoes constant renewal during endochondral bone
growth (16-18).

The majority of patients with STLS reported to date are of
Puerto Rican origin. Among them, 19 individuals, including one
patient of Hispanic origin, were found to have the homozygous
variant p.Gly697Arg in the COL27A1 (3, 6-8). This Gly amino
acid substitution is located in the triple-helical domain of the
protein (6, 16). Interestingly, most diseases associated with Gly
amino acid substitutions within this domain of other collagens
follow an autosomal dominant mode of inheritance, demonstrating
a dominant-negative effect by impairing proper protein folding
and leading to endoplasmic reticulum stress (19, 20). This results
from the fact that only glycine is small enough to fit into the
center of the assembled triple-helical structure without disrupting
its stability. Therefore, any deviation from the conserved glycine
residues in vertebrate fibrillar collagens often leads to structural
instability and disease (16). However, COL27A1 as a member of
type C clade of vertebrate fibrillar collagens, along with COL24A1,
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may be more resistant to disruptions of the Gly-Xaa-Yaa motif
particularly regarding folding and secretion, which suggests that
this mechanism is unlikely to play a significant role in the
development of COL27A1- related skeletal dysplasia (6, 17, 21).
To date, twenty one pathogenic nucleotide variants distributed
throughout the COL27AI gene have been reported (Figure 3;
Supplementary Material 2 Table S4) (3, 4, 6, 9-13, 22-24).
Approximately half of the reported variants are frameshift
or nonsense, likely leading to protein truncation, consequent
degradation and loss of function. The variant ¢.3556 - 2A
> G identified in the Emirati patient with STLS was shown
to disrupt splicing by activating alternative cryptic splice sites.
This resulted in the production of three distinct transcripts,
each leading to a different deletion. Based on these findings,
the authors suggested that the truncated protein may lead
to aberrant folding and could be targeted for subsequent
degradation, that may be more damaging than previously
reported missense variants (9). Indeed, a 9-year-old Syrian patient
with compound heterozygous variants p.Phe32LeufsTer71 and
p.Lys1026ArgfsTer33 exhibited profound short stature (85.5cm,
- 7.9 SD) along with extraskeletal features including early-onset
SNHL, iris coloboma, and developmental delay (13). While,
among all individuals with normal (less than —2 SD) or slightly
decreased height, missense variants, typically homozygous Gly
substitutions in the triple-helical domain were detected, except
for two sibs from Satoh et al. study, where the compound
heterozygous variants p.Gly676Arg and p.Met788ValfsTer34 were
identified (Supplementary Material 2 Tables S1-S2) (8, 11, 22).
However, the presence of a frameshift variant on one of their
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.Pro1019His p.Gly1240_Lys1812del
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|
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p.Gly856_Lys873del
(€.2619+1G>A)

p.Gly874_Leu891del
(c.2673+4A>G)

p.Gly1330Arg

O Signal sequence (1-41)
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FIGURE 3

Schematic representation of COL27A1 protein domains [adapted from Pace et al., (16) and Girisha et al., (4)]. Domain distribution of all reported and
three novel nucleotide variants identified in STLS patients [excluding splice-site variants: ¢.3249 + 1G > T, ¢.3556-2A > G and c.4261 - 1G > A
reported by Frigola et al,, (5); Gariballa et al., (9) and Maddirevula et al., (10)]. Novel variants identified in P1 and P2 are highlighted in red and bold font.

The founder allele, prevalent in individuals of Puerto Rican origin, is indicated in bold and black font.

alleles may have contributed to their clinical presentation. STLS
phenotype observed in P1 was associated with in-frame deletions
p-Gly874_Leu891del and p.Gly856_Lys873del, located within the
triple helical domain. Disease presentation in P1 was characterized
by the absence of short stature (—1.75 SD) and hip dislocation
combined with extraskeletal features (Table1). This suggests
that in-frame deletions likely cause misfolding, leading to a
less profound functional defect than truncating variants such as
frameshift or nonsense, possibly explaining the milder skeletal
phenotype and supporting the idea that COL27A1 may be more
resistant to disruptions of the Gly-Xaa-Yaa motif (6, 17, 21).
Since precise genotype-phenotype correlations remain undefined
in Steel syndrome, we conducted a comprehensive review of
clinical and radiological manifestations in all reported cases
(Table 1).

Phenotypic analysis of STLS cases revealed features that
appear to be characteristic of particular patient subgroups.
Interestingly, pes cavus deformity and carpal coalition are
most common in individuals of Puerto Rican origin, while
equinovarus or planovalgus deformities and hearing loss are
more often noted in other populations (Table 1) (4, 6, 11, 23).
Furthermore, certain features, such as cervical spine abnormalities
and associated complications such as cervical stenosis and
cervical cord compression,
adulthood (2, 6, 7).

Recently, it was suggested that hearing loss in individuals

likely manifest only during

with STLS associated with the homozygous founder allele
p-Gly697Arg may occur later, after the age of 30. In contrast,
individuals with more ‘severe alleles experience the early-
onset hearing loss (6). Indeed, three Puerto Rican individuals
homozygous for the p.Gly697Arg variant were diagnosed with
hearing loss in adulthood (6). According to reported data, 7
out of 16 patients with early-onset hearing loss carried variants
predicted to result in premature translation termination and
possible loss of function. Two individuals, including P2, were
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diagnosed with conductive hearing loss unrelated to STLS (6).
Patients with the homozygous p.Gly802Glu, p.Gly904Arg, and
p-Gly841Arg variants, as well as P1 with in-frame deletions
within the triple helical domain, were diagnosed with early-
onset hearing loss (Supplementary Material 2 Tables S1-S3). These
variants are predicted to cause protein misfolding. Early-
onset hearing loss was also diagnosed in three additional
patients: two with compound heterozygous variants p.Ala99Thr
and p.Prol019His and one with a homozygous splice variant
¢3556 - 2A > G (4, 9). The analysis indicates that the
age of hearing loss onset is not correlated with the location
or type of genetic variant. However, this hypothesis requires
further validation through the accumulation of additional clinical
patient data.

Notably, P1 presented with extraskeletal manifestations,
including SNHL, mild developmental delay, and cryptorchidism
possibly associated with prematurity, but did not exhibit the
classic diagnostic criteria of Steel syndrome—congenital hip
dislocation and short stature (Figure 1). Despite initial data on
obligatory presence of hip dislocation, there is more evidence
of less specific importance of this condition as a part of the
syndrome. Thus, in both the original Steel et al. study and the
subsequent Flynn et al. study hip dislocations were a universal
finding (Table 1) (1, 2). Surprisingly, the first European patient
reported by Kritioti et al. had no hip dislocations but only
minor stable hip changes, radiographically similar to our P1
case (22). Kim et al. reported a Korean patient presented with
bilateral hip dysplasia and pointed out that hip abnormalities in
STLS may vary from acetabular dysplasia to complete dislocation
(12). These observations suggest that the ‘classic phenotype
may be predominantly linked to Gly substitutions in the triple
helical domain. This is supported by our findings, particularly
in P2, who exhibited the complete spectrum of STLS criteria as
defined by Steel et al., while lacking extraskeletal manifestations
typically observed in non-Puerto Rican individuals (Table 1) (1).
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TABLE 1 Summarized data of STLS clinical and radiological features observed in patients from the literature and the present study (n = 63).

10.3389/fmed.2026.1730466

Criteria Puerto — Rican Puerto — Rican  Non — Puerto —  Present Present Total

patients from patients Rican patients  study P1  study P2 (n = 63)

Flynn et al. (other studies; (n = 15)

(n=32)
Min and max age 3.6-50 y (average 13.7) 2m—74y 1.3-11y 5 7 -
Sex f(n=15); f(n=238); f(n=>5) m m f(n=28)
m(n=17) m (n=6) m (n=10) m (n = 35)
Short stature 32/32 12/14 11/13 - - 55/61
Normal stature 0/32 2/14 2/13 + 6/61
Pectus excavatum n/d 2/3 6/6 + 10/11
Limb shortening n/d n/d 9/12 + 11/14
Facial features
Oval-shaped face 32/32 2/2 8/12 44/48
Prominent forehead and/or 32/32 3/5 13/14 50/53
frontal bossing
Hypertelorism 32/32 3/5 9/11 + 46/50
Midface hypoplasia n/d 4/5 14/14 - 19/21
Long philtrum n/d 212 9/11 - - 11/13
Radiological features
Congenital hip dislocation 32/32 9/14 11/14 _ + 53/62
Poorly ossified femoral head n/d 3/5 9/9 _ + 13/16
Acetabular abnormalities n/d 3/5 10/10 + + 15/17
Carpal coalition 29/32 4/7 3/11 + + 38/52
Radial head dislocation 29/32 8/14 12/13 + + 51/61
Scoliosis 17/32 10/14 8/14 + + 37/62
Cervical spine abnormalities 3/32 718 1/5 + - 12/47
Lumbar lordosis 10/32 5/10 4/10 - - 19/52
Coxa vara n/d 1/2 8/11 - - 9/13
Genu valgum n/d n/d 9/12 + + 11/12
Genu varum n/d n/d 3/12 - - 3/14
Patellar dislocation n/d n/d 5/5 + + 717
Upper limbs abnormalities
Partial cutaneous syndactyly of n/d n/d 717 + + 9/9
fingers or/and toes
Bilateral 5% finger clinodactyly n/d 2/2 10/10 + + 14/14
Lower limbs abnormalities
Pes cavus 11/32 0/14 2/11 - - 13/59
Various foot deformity 0/32 5/14 6/11 Pes Pes 13/59
planovalgus planovalgus
Pes
equinovarus
Vertical talus 1/32 0/2 5/6 - - 6/42
Extraskeletal features
Cryptorchidism n/d n/d 6/7 + - 719
Inguinal or umblical hernia n/d n/d 5/6 - - 5/8
Developmental delay n/d 1/8 8/13 + - 10/23
(Continued)
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TABLE 1 (Continued)

10.3389/fmed.2026.1730466

Puerto — Rican Puerto — Rican  Non — Puerto —  Present Present
patients from patients Rican patients study P1  study P2
Flynn et al. (other studies;
(n=32) n = 14)
Hearing loss 0/32 4/9 13/14 + + 18/56
(unspecified n = 4) (SNHL n = 4; SNHL (conductive?)
unspecified n = 9)
Motor delay n/d 3/5 3/10 + - 7117
Delayed speech n/d n/d 6/10 + - 7/12
Other Tarsal coalition (n = 1) Table S3 Table S1 and S2 OD: mixed See the article -
astigmatism; content
OS:
compound
myopic
astigmatism;

(4): Present; (-): Absent; n/d — no data. The features included in the table were selected based on analysis of clinical cases reported in the literature. However, the lack of information about

presence or absence of certain features in patient descriptions may affect interpretation.

Cases of conductive hearing loss unrelated to STLS were omitted from the feature frequency analysis.

Hand radiographs demonstrated abnormal ossification patterns
characterized by carpal bone coalescence in both patients. While
the whole extent of fusion was challenging to evaluate due to
the early ossification stage, typical capitate-hamate coalition was
easily recognizable in both patients. One more interesting finding
in P2 was pseudoepiphyses of the second metacarpals (Figure 1).
Multiple pseudoepiphyses of the metacarpals and metatarsals
may be seen in otherwise healthy children but can also occur
in patients with skeletal dysplasias (25). Radiographic analysis
demonstrated that our patients exhibited the same ossification
pattern as the Indian monozygotic twins with STLS reported
by Girisha et al. in 2022, but this phenomenon was not
mentioned (4).

A comprehensive review of symptoms prevalence across
reported patients including P1 and P2 from present study
highlighted core features occurring more frequent among
all STLS patients such as short stature, congenital hip and
radial dislocation, carpal coalition and facial dysmorphism
(Supplementary Material 2 Figure S1). These symptoms represent
a core cluster of STLS skeletal features that may facilitate
early diagnostic suspicion and help to avoid unnecessary
surgical procedures for hip dislocation correction (2). However,
comparison across Puerto Rican patients and individuals from
other populations revealed phenotypic variability, including
missing hallmark features like short stature or hip dislocation and
increased incidence of extraskeletal manifestations, which should
also be considered (Table 1).

In conclusion, we report two pediatric cases of STLS associated
with novel biallelic variants in the COL27A1. This study provides
the first characterization of two splice donor site variants
confirming their effect on splicing. Review of reported clinical
data enabled identification of a phenotypic cluster characteristic
of STLS. Furthermore, our findings indicate that the presence
of protein-truncating variants may be associated with more

Frontiersin Medicine

severe disease course characterized by extraskeletal manifestations,
developmental delay and pronounced short stature. In contrast,
missense variants, particularly glycine substitutions within the
triple-helical domain, are more often associated with ‘classic’
phenotype initially reported by Steel et al. (1). To date, most
reported cases have involved Puerto Rican patients with a
homozygous founder allele. Therefore, expanding the genetic and
phenotypic spectrum of STLS in diverse populations and age
groups will be essential for improving diagnostic accuracy and
clinical management.
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