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ABSTRACT

Objective: Trich​orhin​ophal​angea​l syndrome is a rare autosomal dominant disorder character-
ized by distinctive craniofacial and skeletal abnormalities. This study aimed to delineate the 
trich​orhin​ophal​angea​l syndrome phenotype and to compare the clinical and molecular find-
ings between trich​orhin​ophal​angea​l syndrome types I and II.

Materials and Methods: A total of 22 trich​orhin​ophal​angea​l syndrome patients aged 
0.9-45 years from 17 families were enrolled. Nineteen patients were diagnosed with trich​orhin​
ophal​angea​l syndrome I and 3 with trich​orhin​ophal​angea​l syndrome II. Genetic analyses were 
made by TRPS1 sequencing and/or chromosomal microarray analyses.

Results: A novel frameshift variant (c.531_532del), a known missense variant, and whole-gene 
deletions were the pathogenic TRPS1 variants detected in trich​orhin​ophal​angea​l syndrome I. 
Three trich​orhin​ophal​angea​l syndrome II patients had large deletions with variable break-
points involving the TRPS1-EXT1 interval. All patients had the typical craniofacial findings of 
trich​orhin​ophal​angea​l syndrome such as a pear-shaped nose, long philtrum, and thin upper 
lip, as well as cone-shaped epiphyses. Sparse hair and eyebrows (20/22), short metacarpals 
and metatarsals (20/22), and small hands (19/22) were common. While craniofacial and limb 
abnormalities were similar in trich​orhin​ophal​angea​l syndrome I and II, 3 of 19 trich​orhin​ophal​
angea​l syndrome I patients had mild, and 2 of 3 trich​orhin​ophal​angea​l syndrome II patients 
had severe intellectual disability. Three trich​orhin​ophal​angea​l syndrome II patients including 
the patient with the EXT1 deletion beginning from exon 2 had exostoses. In trich​orhin​ophal​
angea​l syndrome II, although microdeletion sizes and facial or skeletal features were not cor-
related, patients with larger deletions had severe intellectual disability.

Conclusion: This study has expanded the existing knowledge on the phenotype–genotype 
spectrum in trich​orhin​ophal​angea​l syndrome. We suggest including the EXT1 gene partially in 
the minimal critical region for trich​orhin​ophal​angea​l syndrome II.

Keywords: Trich​orhin​ophal​angea​l syndrome, TRPS1, brachydactyly, cone-shaped epiphyses, 
exostosis

INTRODUCTION

Trich​orhin​ophal​angea​l syndrome (TRPS) is a rare autosomal dominant disease character-
ized by distinctive facial findings including a bulbous nose with underdeveloped alae, long 
philtrum, thin upper lip, protruding ears, and ectodermal characteristics such as sparse and 
slowly growing hair, sparse eyebrows, and dystrophic nails. In addition, patients present 
skeletal abnormalities, such as mild to severe brachydactyly with cone-shaped epiphyses 
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What is already known 
on this topic?
•	 Trich​orhin​ophal​angea​l syn-

drome (TRPS) is a rare auto-
somal dominant disease 
characterized by distinctive 
facial, ectodermal, and skeletal 
malformations. Trich​orhin​ophal​
angea​l syndrome I is the clas-
sical form caused by the hap-
loinsufficiency of TRPS1. Trich​
orhin​ophal​angea​l syndrome 
II is a contiguous deletion syn-
drome that involves TRPS1 and 
EXT1, causing additional find-
ings such as exostoses and 
intellectual impairment.

What this study adds to 
this topic?
•	 Typical facial findings and 

cone-shaped epiphyses were 
constant findings in TRPS I 
and II. Severe intellectual dis-
ability and exostoses were dis-
tinguishable features of TRPS 
II from TRPS I. Moreover, we 
suggest that the EXT1 gene 
should be included in the mini-
mal critical region for TRPS II, 
beginning from exon 2. 
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at the phalanges, and short stature.1-4 Trich​orhin​ophal​angea​l 
syndrome type I (TRPS I, OMIM 604386) is the classical form 
caused by heterozygous pathogenic TRPS1 variants or whole-
gene deletions. Trich​orhin​ophal​angea​l syndrome type II (TRPS 
II or Langer–Giedion syndrome, OMIM 150230), which is char-
acterized by multiple exostoses and mild-to-moderate intellec-
tual disability, is a contiguous gene deletion syndrome caused 
by a deletion in the chromosome 8q23.3-q24.11 region, span-
ning the TRPS1 and EXT1 genes.4 Trich​orhin​ophal​angea​l syn-
drome III (OMIM 190351), which is associated with more severe 
short stature and severe brachydactyly due to short metacar-
pals, is currently considered within the phenotypic spectrum of 
TRPS I.2,4

TRPS1 encodes TRPS1, a polypeptide of 1281 amino acids that 
regulates chondrocyte proliferation and apoptosis through 
Stat3 signaling as a nuclear transcription factor.5 The TRPS1 
gene is involved in craniofacial development, epith​elial​/mese​
nchym​al cell interactions in developing hair follicles, and chon-
drocyte differentiation in the growth plate.6-8 The phenotype 
seen in TRPS II is typically dominated by the deletion of TRPS1 
and EXT1, and the deletion of EXT1 is responsible for multiple 
exostoses. Moreover, it has been suggested that additional 
clinical features may be present in large deletions involving 
more genes outside the TRPS1-EXT1 interval.3

The aim of this study is to delineate the clinical spectrum of 
a Turkish TRPS cohort, to compare the clinical and molecular 
findings between patients diagnosed with TRPS types I and 
II, and to investigate the genotype–phenotype relationship by 
comparing molecular analysis results.

MATERIALS AND METHODS

Ethical Compliance
Each patient or the parents of the patient gave their writ-
ten informed consent according to the International Ethical 
Guidelines and Declaration of Helsinki for molecular analy-
ses as well as for the publication of clinical findings, patient 
images, and molecular data. The study was approved by the 
Ethics Committee of Cerrahpasa Medical Faculty (approval 
date/number: December 03, 2020/158702).

Patients
This study included 22 patients from 17 families followed up by 
our department with clinical diagnoses of TRPS I and TRPS II. 
The clinical diagnosis of TRPS I was made based on distinc-
tive facial characteristics (a bulbous nose with underdeveloped 
alae, long philtrum, thin upper lip, protruding ears), ectoder-
mal manifestations (sparse hair and eyebrows, dystrophic 
nails), and skeletal features (short stature, brachydactyly, ulnar 
or radial deviation of the fingers, cone-shaped epiphyses at 
the phalanges, hip dysplasia).1,2,4 The diagnosis of TRPS II was 
established with the presence of multiple exostoses in addition 
to the clinical findings observed in TRPS I.4 Demographic data 
of the patients including gender, age, and family history were 
noted. The measurements of height, weight, and head circum-
ference, as well as the clinical data including facial, ectoder-
mal, skeletal abnormalities, and radiological findings of the 
patient cohort were evaluated for the study. The Denver devel-
opmental screening test II (DDST-II) was performed to detect 
neuromotor retardation in terms of personal-social skills, 

speech, and fine and coarse motor abilities. The developmen-
tal quotient (DQ) was calculated by dividing the developmental 
age by chronologic age.

Genetic Studies
Cytogenetic analyses were performed on peripheral blood 
lymphocytes from the patients. Blood samples were har-
vested and treated by conventional cytogenetic methods. 
Chromosomes were analyzed by standard Giemsa Trypsin 
G-banding. Chromosomal microarray analysis using the 
HumanCytoSNP-12 BeadChip array (Illumina Inc., San Diego, 
Calif, USA) was performed according to the manufacturer’s 
instructions. This array contains approximately 300 000 single 
nucleotide polymorphism markers per sample, spanning the 
entire genome with an average probe spacing of 72 kb. The 
B-allele frequency and log R ratio data were analyzed with 
KaryoStudio software (Illumina Inc). The genomic positions 
were determined using GRCh38/hg38, UCSC Genome Browser.

Genomic DNA was extracted from the blood samples of 
the patients using standard techniques after obtaining 
informed consents from the patients or their parents. TRPS1 
(NM_014112.5) primers for all exons and exon-intron flank-
ing regions were designed. Sanger sequencing reaction was 
performed on capillary electrophoresis (ABI 3500, Applied 
Biosystems, Foster City, Calif, USA), and BLAST searches were 
performed against public databases for the annotations of the 
disclosed variants.

Variant interpretations were made according to the American 
College of Medical Genetics and Genomics practice guide-
lines.9 Bioinformatics tools (PolyPhen2, SIFT, Mutation Taster, 
DANN) and electronic data (dbSNP, ExAC, 1000G, ClinVar, 
Varsome, HGMD Professional version, DGV, DECIPHER) were 
used to identify the variant pathogenicity.

Statistical Analysis
Statistical analysis was performed with the International 
Business Machines’ Statistical Package for Social Sciences sta-
tistical software (SPSS v.21.0 for Mac OS X). Continuous data 
are presented as median (range), and count data are presented 
as number (n) and percentage (%). Due to the small number of 
patients, the data were mainly evaluated as descriptive.

RESULTS

Clinical Findings
The clinical features of the cohort are summarized in Table 1. 
The median age of the study cohort at the first examination 
was 12 years and included 11 males and 11 females. While 3 
unrelated patients (P) (P1, P2, and P6) were diagnosed with 
TRPS II, 4 of the 14 families diagnosed with TRPS I were familial.

All patients in the cohort were observed to have a large nose 
with a broad ridge and tip and underdeveloped alae, long 
philtrum, and thin upper lip vermillion. Sparse and slowly 
growing hair (20/22), broad eyebrows (14/22), and protrud-
ing ears (12/22) were also common findings. The main findings 
in the limbs were short metacarpals and metatarsals (20/22), 
small hands (19/22), and brachydactyly (18/22). Dystrophic 
nails were present in 10 patients. All patients with available 
radiographic examination had cone-shaped epiphyses at the 
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phalanges. One patient diagnosed with TRPS II (P6) had oli-
godactyly on both feet. Five patients (5/22) including P6 had 
marked hip dysplasia. Multiple exostoses were detected only 
in 3 patients with TRPS II (P1, P2, and P6). The earliest age at 
which exostoses were noticed was around 2 years in P1 and 3 
years in P2. Only 1 TRPS II patient (P2) had persistent foramen 
ovale, and none of the remaining patients had a significant 
cardiac abnormality. The craniofacial characteristics, distal 
limb abnormalities, and radiological findings of P6 and P16 are 
shown in Figures 1 and 2, respectively.

Patients’ median standard deviation score (SDS) of the occipi-
tofrontal circumference at their last examination was −0.3, 
but the SDS values were in a broad range from −5.3 to 2.4. 
From the total cohort, 2 patients with TRPS I (P9 and P15) and 
2 patients with TRPS II (P1 and P6) had microcephaly that did 
not correlate with intellectual development. Patients’ median 
SDS of height was −1.7 and the values were also in a heteroge-
neous distribution (range: −5.8 to 2.1). Four patients with micro-
cephaly (P1, P6, P9, and P15) also had short stature, in addition, 

short stature was observed in 4 further patients (P4, P8, P19, 
and P20). 

Intellectual disability in the total cohort was observed in 
5 patients including 3 TRPS I (P3, P8, and P11) and 2 TRPS II 
patients (P2, P6). The intellectual disability observed in TRPS 
I was mild in 2 patients (P8 and P11) and mild-to-moderate in 
1 patient (P3) with autism spectrum disorder. The most promi-
nent feature of the developmental delay in P3 was the delay in 
language development, and he was unable to speak a word 
at 3 years and 10 months of age at his last examination, and 
DDST-II showed a DQ of 59. The intelligence of 1 patient with 
TRPS II (P1) was appropriate to his age according to the clinical 
assessment, while severe intellectual disability was observed in 
2 patients with TRPS II (P2 and P6).

Genetic Studies
Molecular studies: The results of the genetic analyses of 
the patients are summarized in Table 2. Trich​orhin​ophal​
angea​l syndrome I patients carrying TRPS1 variants were 1 

Figure 1.  Photographs and radiological findings of P6 at 14 years of age. A long face, thick eyebrows, ptosis on the right eye, a pear-shaped nose with a 
broad septum and underdeveloped alae, long philtrum, thin upper lip, and protruding ears were prominent craniofacial features of the patient (A). Note 
the ulnar and radial deviation of the fingers and metacarpal shortening bilaterally (B), the cone-shaped epiphyses of the second to fourth middle 
phalanges (arrows), and the exostosis affecting the distal radius (C). Oligodactyly and dysplastic nails were visible bilaterally (D). Radiological 
examination of the feet (E) revealed the agenesis of the right big toe, short and irregular metatarsal bones, and multiple exostoses affecting both ankles. 
Note shorter third and fourth metatarsal bones and a missing toe distal to these bones. Multiple exostoses can be seen in the distal femur, proximal tibia, 
and fibula (F).

Figure 2.  Photographs and hand x-ray findings of P16 at 7 years of age. Sparse and slowly growing hair, broad eyebrows, a bulbous nose with 
underdeveloped alae, long philtrum, thin upper lip, and protruding ears were prominent craniofacial findings of the patient (A). Note the small hands with 
short metacarpals and brachydactyly (B, C), and cone-shaped epiphyses of the second to fourth proximal phalanges (arrows).

101



Clinical and Molecular Findings in TRPS I and II Turk Arch Pediatr 2023; 58(1): 98-104

patient (P7) with a novel frameshift variant (c.531_532del; 
p.Gly178AlafsTer34) and 2 patients from 1 family (P19 and P20) 
with a known missense variant (c.2794G>A; p.Ala932Thr). No 
pathogenic variants were found in 3 clinically diagnosed TRPS 
I patients (P8, P11, and P12) by TRPS1 sequencing, and chromo-
somal microarray analysis was planned for these patients to 
investigate large deletions involving the TRPS1 gene.

Chromosomal and chromosomal microarray analyses: 
Karyotype analyses in our cohort were normal except for P2. P1, 
P2, and P6 were diagnosed with TRPS II and had large dele-
tions (over 5.6, 12.6, and 10.40 megabase (Mb), respectively) 
with variable breakpoints involving TRPS1 and EXT1. Three 
patients from 1 family (P3, P4, and P5) with an 8q23.3 dele-
tion over 2.5 Mb involving the TRPS1 gene were diagnosed with 
TRPS I.

Comparison of the Findings Between Trich​orhin​ophal​angea​l 
Syndrome I and II
The typical craniofacial findings of TRPS and cone-shaped 
epiphyses at the phalanges were constant findings that did not 
differ between patients with TRPS I and II. Severe intellectual 
disability (P2 and P6) and microcephaly (P1 and P6) were each 
present in two-thirds of TRPS II patients, whereas 3 of 19 TRPS 
I patients (P3, P8, and P11) had mild intellectual disability and 2 
of 14 TRPS I cases (P9 and P15) had microcephaly. While 2 of 3 

TRPS II cases (P1 and P6) had short stature, a height below the 
third centile was present in 6 of 16 TRPS I patients (P4, P8, P9, 
P15, P19, and P20). In addition to intellectual disability, micro-
cephaly, and short stature, which were relatively more com-
mon in TRPS II, the distinguishing feature of TRPS II from TRPS I 
was the presence of multiple exostoses detected in all patients 
with TRPS II (P1, P2, and P6).

DISCUSSION

The diagnosis of TRPS I is established with the typical cranio-
facial features, ectodermal manifestations, distal limb abnor-
malities, and radiographic findings of cone-shaped epiphyses 
at the phalanges. In addition to the clinical findings observed 
in TRPS I, TRPS II is characterized by multiple exostoses and 
an increased risk of intellectual disability.1,2,4 The typical cra-
niofacial features of TRPS were fine and sparse hair, thick and 
broad eyebrows, a pear-shaped nose with underdeveloped 
alae, a long philtrum with thin upper vermillion, and prominent 
ears.4 The nose in TRPS is the most distinctive facial finding and 
has been described as a pear-shaped or a large nose with a 
broad ridge and tip but a narrow bridge with underdeveloped 
alae.1,4 The sparse and slowly growing hair, long philtrum, thin 
upper lip, and a large nose with a broad ridge and tip with 
underdeveloped alae were detected in all our patients. There 
was no difference in the facial features between patients 

Table 2.  The Results of Genetic Analyses of the TRPS Cohort
Proband 
Code Diagnosis

Family 
History Microarray TRPS1 Sequencing Variant Type

Variant 
Pathogenicity

Karyotype 
Analysis

P1 TRPS II De novo arr[GRCh38] 8q23.3q24.12 
(1130​28744​-1186​70887​)x1

N/A Large 
deletion (over 
5.6 Mb)

Pathogenic 46,XY

P2 TRPS II De novo arr[GRCh38] 8q23.3q24.12 
(1124​73987​-1251​60640​)x1

N/A Large 
deletion (over 
12.6 Mb)

Pathogenic 46,XX​,del(​8)(q2​
3.3→q​24.13​

P3, P4, 
P5

TRPS I Maternal 
inheritance

arr[GRCh38]8q23.3  
(1137​88073​-1163​09018​)x1

Not found Large 
deletion (over 
2.5 Mb)

Pathogenic N/A

P6 TRPS II De novo arr[G​RCh38​]8q23​.1q24​.11  
(1073​82797​-1178​61338​)x1

N/A Large 
deletion (over 
10 Mb)

Pathogenic N/A

P7 TRPS I De novo N/A c.531_532del 
(p.Gly178AlafsTer34)

Frameshift Pathogenic 46,XX

P8 TRPS I De novo N/A Not found – – 46,XX
P9 TRPS I De novo N/A N/A – – 46,XX
P10 TRPS I De novo N/A N/A – – 46,XX
P11 TRPS I De novo N/A Not found – – 46,XX
P12 TRPS I De novo N/A Not found – – N/A
P13 TRPS I De novo N/A N/A – – 46,XX
P14 TRPS I De novo N/A N/A – – N/A
P15 TRPS I De novo N/A N/A – – 46,XY
P16, P17 TRPS I Paternal 

inheritance
N/A N/A – – 46,XY (in P16)

P18 TRPS I De novo N/A N/A – – N/A
P19, P20 TRPS I Paternal 

inheritance
N/A c.2794G>A 

(p.Ala932Thr)
Missense Pathogenic N/A

P21, P22 TRPS I Paternal 
inheritance

N/A N/A – – N/A

Mb, megabase; N/A, not available; TRPS, trich​orhin​ophal​angea​l syndrome. 
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with TRPS I and TRPS II compatible with the literature.1 Cone-
shaped epiphysis of the middle and proximal phalanges were 
present in our total cohort, while generalized shortening of 
the phalangeal, metacarpal, and metatarsal bones was also 
a common skeletal finding. Consistent with the literature, thin 
and dystrophic nails were present in about half of the cohort.4

Since the phenotype in TRPS is often distinct, genetic analyses 
have been used to confirm the clinical diagnosis, and molecu-
lar confirmation can also be helpful in the presence of a mild 
or atypical clinical presentation.4 While the haploinsufficiency 
of TRPS1 due to pathogenic variants or whole-gene deletions 
causes TRPS I, contiguous 8q23.3-q24.11 deletions involving the 
TRPS1 and EXT1 genes cause TRPS II.3,4 TRPS1 variants detected 
in our patients with TRPS I were 2 intragenic pathogenic variants 
and TRPS1 deletions. Furthermore, 3 TRPS II patients had large 
deletions with variable sizes and breakpoints encompassing 
the TRPS1-EXT1 interval. Correspondingly, Maas et  al (2015)1 
reported that the size of contiguous gene deletions in TRPS 
II varies significantly and there are no common breakpoints. 
Chromosomal abnormalities causing a functional disturbance 
of the TRPS1 gene have been rarely reported in patients with 
TRPS.4,10 No chromosomal abnormality was detected in the 
karyotype analysis of any of our patients, except for P2 with the 
TRPS II phenotype.

The phenotype in TRPS III, described with severe short stature 
and brachydactyly, has been considered as a part of the TRPS 
I phenotype, within the most severe end of the clinical spec-
trum.2,11 This hypothesis may be supported by the intrafamilial 
phenotypic variability seen in familial cases in which the same 
pathogenic variant causes both TRPS I and TRPS III pheno-
types.1,12 Missense pathogenic TRPS1 variants in exon 6, encod-
ing a presumptive GATA DNA-binding zinc-finger domain, have 
been associated with the severe form of TRPS I.1,2 On the other 
hand, missense variants located outside this domain have been 
reported to cause a mild-to-moderate disease phenotype.13,14 
The missense pathogenic TRPS1 variant identified in our study 
was also in exon 6. Two related patients (P19 and P20) carry-
ing this variant shared the clinical findings including marked 
craniofacial findings, severe brachydactyly, and short stature, 
which were consistent with the findings of previously reported 
patients with the same pathogenic variant.1,15 Although most 
patients with nonsense pathogenic TRPS1 variants have been 
associated with the mild TRPS I phenotype, marked variabil-
ity in disease severity has also been described.1,2 A frameshift 
pathogenic variant in exon 4 responsible for both TRPS I and 
TRPS III phenotypes has been reported in patients from 1 fam-
ily.12 In our TRPS I patient with the novel frameshift TRPS1 variant 
in exon 3, distinct facial features and distal limb abnormalities 
in the absence of short stature were observed. Three further 
TRPS I patients from 1 family with the same 8q23.3 deletion 
involving TRPS1 were observed to have similar facial features, 
while their linear growth and intellectual development were not 
at the same level.

In 3 TRPS II patients from our cohort, no correlation was found 
between linear growth and the size of the detected microde-
letion. Except for P2, who had the largest deleted segment, 
2 TRPS II patients had microcephaly. The severity of micro-
cephaly did not correlate with the size of the deleted region. 

Two patients with TRPS II (P2 and P6) had severe intellectual 
disability, the severity of which appeared to be related to 
the size of the microdeletion. Genotype–phenotype studies 
in TRPS II have shown no correlation between the size of the 
deleted segment and the severity of disease manifestations.16,17 
Correspondingly, among the 3 TRPS II patients in our cohort, 
P6 had the second largest deletion despite having the most 
severe phenotype with severe microcephaly, developmental 
delay, short stature, and oligodactyly. Of our 3 patients with 
TRPS II, 2 patients had deletions of the entire EXT1 gene, and 
1 patient (P6) had a deletion in EXT1 beginning from the sec-
ond exon.  On the other hand, exon 1 deletions of the EXT1 
gene have been described previously in patients with multiple 
osteochondromas, and it has been suggested that this region 
may be a hotspot region.18,19 A very recent genotype–pheno-
type study reported that the minimal critical region respon-
sible for the classical phenotypic features of TRPS II is a region 
of approximately 3 Mb in size, encompassing the TRPS1-EXT1 
interval.17 However, with the addition of our TRPS II patient with 
the partial EXT1 deletion, the minimal critical region for TRPS 
II has proven to be smaller, since the clinical findings in this 
patient occurred due to the haploinsufficiency of the EXT1 gene 
partially rather than the entire gene.

Mild-to-moderate intellectual disability has been reported in 
two-thirds of TRPS II cases, whereas an increased risk of intel-
lectual disability has not been associated with TRPS I.4 Two 
out of 3 TRPS II patients in our cohort had severe intellectual 
disability. Out of 19 TRPS I patients, 2 patients had mild, and 1 
patient had mild-to-moderate intellectual disability. The TRPS 
I patient with mild-to-moderate intellectual disability (P3) also 
had autism spectrum disorder and a marked delay in his lan-
guage development was observed. In addition, the fact that 
there was no family member diagnosed with autism spectrum 
disorder, including his affected brother (P4) and mother (P5), 
was interpreted as the coincidental occurrence of this condi-
tion. Maas et al (2015)1 postulated that intellectual disability in 
TRPS II could be explained by the deletion of the RAD21 gene 
located at 8q24.11 between TRPS1 and EXT1. Heterozygous 
pathogenic variants in RAD21 cause Cornelia de Lange syn-
drome-4 (OMIM 606462) and have been associated with a 
relatively mild phenotype.20,21 However, a TRPS II patient from 
our cohort who had a deletion including the RAD21 gene had no 
intellectual disability and had none of the facial manifestations 
of Cornelia de Lange syndrome-4.

Reduced linear growth has frequently been reported in TRPS, 
especially in those with TRPS II.4,22 In our cohort, SDS of height 
values were in a heterogeneous distribution within both the 
TRPS I and TRPS II patient groups. However, the fact that short 
stature was more common in TRPS II rather than in TRPS I was 
consistent with the observation of Maas et al (2015)1 that TRPS 
II patients with microdeletions had more severe short stature 
among the TRPS cohort. About two-thirds of TRPS II and one-
third of TRPS I cases in our cohort had a height below the third 
centile. The SDS values of occipitofrontal circumference were 
also in a broad range within TRPS I and TRPS II. Two patients 
with TRPS I (2/14) and two-thirds of patients with TRPS II had 
a head circumference below the third centile, and the pres-
ence or severity of microcephaly was not associated with the 
patients’ intellectual development.
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The limitations of this study are that genetic testing was not 
performed in all probands, and multiplex ligation dependent 
probe amplification (MLPA) or chromosomal microarray anal-
yses were not performed in patients whose sequence analysis 
did not show pathogenic variants.

CONCLUSION

In the current study, we observed that typical facial findings 
and cone-shaped epiphyses were constant findings that did 
not differ between TRPS I and TRPS II patients. The most dis-
tinguishable features of TRPS II from TRPS I were the presence 
of multiple exostoses, which were noticeable after 2 years of 
age at the earliest, and the increased frequency and severity 
of the intellectual disability. Short stature, microcephaly, and 
severe intellectual disability, the severity of which appears to 
be related to the size of the deleted region, were each present 
in two-thirds of TRPS II patients. A patient with a microdeletion 
including the EXT1 gene partially rather than the entire gene 
had the TRPS II phenotype. Trich​orhin​ophal​angea​l syndrome 
I patients with a known missense TRPS1 variant in exon 6 had 
marked craniofacial findings, severe brachydactyly, and short 
stature, consistent with previous reports. Although TRPS is a 
disease with characteristic clinical and radiological features 
and molecular genetic testing is not usually required to make 
the diagnosis, molecular confirmation can be helpful, espe-
cially when the clinical presentation is mild or atypical.
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