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ABSTRACT
Objective: The skeletal abnormalities of mucopolysaccharidosis (MPS) and skeletal dysplasia (SD) may be similar and even indistinguishable. 
This study aims to elucidate clinical clues and overlapping features that may assist in the different diagnosis.

Methods: The clinical features of patients who were first referred to endocrinology or rheumatology department for short stature or joint 
abnormalities were addressed and signs were examined upon different diagnosis.

Results: Three patients (I, II and III) were diagnosed with SD with overlapping and also distinguishing skeletal features compared with MPS. An 
atypical presentation defined in patient IV who was diagnosed with Morquio syndrome. Patients V and VI were diagnosed with MPS with early 
onset and typical skeletal features accompanied with additional systemic manifestations uncommon in SD.

Conclusion: In conclusion, this study emphasizes the clinical and radiological evaluation and nuances distinctions in clinical presentations that 
will highlight the challenges and guide to distinguishing different diagnosis of MPS and SD in atypical presentations for achieving the accurate 
diagnosis.
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What is already known on this topic?

Mucopolysaccharidosis and skeletal dysplasia are genetic bone disorders mostly presented by short stature and joint abnormalities. Clinical and 
radiological assessments consist the main steps for diagnosis.
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Introduction

Mucopolysaccharidoses (MPS) are a group of inborn metabolic 
diseases caused by mutations in genes encoding lysosomal 
hydrolases required for degradation of mucopolysaccharides, 
resulting in skeletal abnormalities described as dysostosis 
multiplex (1,2). Skeletal dysplasias (SD) are a group of genetic 
disorders characterized by short stature, bone and cartilage 
abnormalities. Common pathogeneses leading to similar clinical 
manifestations have been classified into different SD groups (3). 

Some overlapping signs and symptoms of both disease 
groups make the correct diagnosis difficult and often lead 
to diagnostic delay (4). Currently, the use of gene panels 
including both MPS and SD genes has become widespread 
for distinguishing differential diagnoses in patients with short 
stature and skeletal manifestations (5). However, appropriate 
and detailed clinical and radiological assessment can provide 
more accurate and rapid guidance. The distinguishing clinical 
and radiological criteria for these two groups of disorders are 
illustrated in this report through the presentation of illustrative 
patient examples.

Methods

Six patients, three with SD and three with MPS were enrolled 
in the study. Patients who were initially referred to the 
endocrinology or rheumatology department due to short stature 
or joint anomalies and were followed up by these departments 
with other diagnoses were included in the study to address the 
difficulty of differential diagnosis. In addition, two patients 
who were initially referred to other departments despite 
having distinct features of MPS were included to underline the 
overlapping clinical symptoms. Patients I, II, III, V and VI were 
first referred to the endocrinology department, but patient IV 
first attended the rheumatology department. 

All patients had final diagnosis and follow-up as MPS or SD in 
Departments of Inborn Metabolic Disease and Pediatric Genetic 
between 2010 and 2024. Symptoms leading to referral, medical 
history, radiological assessment, enzyme activity analysis results 
and molecular analysis results were obtained from the patients’ 
medical records. This study was performed in line with the 
principles of the Declaration of Helsinki. Ethical approval was 
granted by the Ethics Committee of Gazi University (approval 
no.: 12, date: 09.07.2024). Informed consent forms were 

obtained from patients or their parents. No statistical analysis 
was performed.

Results 

Patients’ demographic data, genotypes, clinical and radiological 
assessments are listed in Table 1. Patients’ radiological 
abnormalities are presented in Figure 1. 

Discussion

Recognizing distinguishing clues from radiological findings is the 
first step to establish the diagnosis of SD or MPS. The clinical 
picture of MPS and SD may vary by disease severity and atypical 
presentations are not unusual (6). 

As in our cases, one of the most common presentations of MPS 
and SD was short stature. Several patients with short stature 
were first admitted to the pediatric endocrinology department. 
Careful family history and family growth patterns constitute the 
first step for evaluating constitutional delay or familial short 
stature, both with near-normal growth velocity during childhood, 
in contrast to both MPS or SD. In addition to laboratory tests for 
primary endocrinopathies, detailed physical examination plays 
a key role in recognizing genetic disorders presenting with short 
stature (7). Facial dysmorphism is more frequently observed 
in MPS and is often noted during the initial assessment, but 
may also be associated with SD as in Patients I and II (8). In the 
diagnostic algorithm for short stature, radiological assessment is 
not routinely recommended. However, skeletal survey should be 
performed especially in the presence of disproportionate short 
stature or short stature associated with facial dysmorphism or 
any skeletal deformities (7,9). Short stature with a short trunk 
is a common finding in MPS due to severe spinal involvement 
but atypical cases, such as patient IV, may present with normal 
proportions without short trunk. Furthermore, achievement of 
normal growth may be seen in attenuated forms of MPS, thus 
normal height for age should not exclude MPS (10).

Another common manifestation of attenuated types of MPS 
is joint stiffness and contractures. Those clinical findings are 
prominent in rheumatologic diseases, such as rheumatoid 
arthritis. It has been suggested that patients with joint 
involvement, particularly affecting the hands should be 
screened for MPS I. Moreover, MPS must be considered in the 
differential diagnosis of rheumatoid arthritis, especially when 
morning stiffness, elevated erythrocyte sedimentation rate or 

What this study adds?

This study highlights the clinical and radiological clues for distinguishing different diagnosis in patients with short stature or joint abnormalities 
for accurate diagnosis even in atypical presentations.
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Figure 1. Patients’ radiological abnormalities. A) J-shaped sella of P1, B) Scoliosis (1), broadening of ribs at the sternal ends (2) of P1 C) Biconcave 
vertebral bodies of P1. D) Platyspondyly, ovoid configuration and irregular vertebral endplates of P2. E) Metaphyseal irregularities of P2 F) 
Delayed epiphysial ossification/ Irregular borders of femoral head and acetabulum of P2 G) Ovoid configuration and beaking of vertebral bodies 
of P3 H) Epiphysial irregularity of P3 I) Irregularities in vertebral endplates of P4 J) Epimetaphyseal irregularities of proximal femur of P4. K) 
Anterior beaking in vertebral bodies, platyspondyly of P5 L) Round shaped iliac bone, coxa valga, irregular acetabular border and femoral head 
of P5 M) kyphosis of P5 N) posterior scalloping and inferior beaking of vertebral bodies of P6 O) rounded iliac wings, inferior tapering of the 
ilea, coxa valga of P6 P) bullet-shaped metacarpal bones of P6 Q) Oar-shaped ribs of P6
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C-reactive protein levels and response to nonsteroidal anti-
inflammatory drugs are absent (11,12).

In the presence of findings of skeletal deformity, and during 
the clinical examination, some accompanying clinical signs, 
such macrocephaly, corneal clouding, and/or umbilical hernia 
can provide clues for a diagnosis of MPS. In addition, hearing 
impairment, recurrent respiratory tract and middle ear 
infections, cardiac abnormalities, and/or development delay are 
other extra-skeletal manifestations that should raise suspicion of 
storage disorders like MPS (13,14,15).

Patient I presented with short stature and facial dysmorphism 
may be supposed to be an attenuated form of MPS. Although 
J-shaped sella and oar-shaped ribs were observed, beaking of 
vertebral bodies that is strongly expected in MPS patients was 
absent. In Patient IV, vertebral deformities were also not typical 
for MPS as they resembled the biconcave vertebral bodies 
observed in Patient I. Patient IV was provisionally diagnosed as 
SD because of the lack of the typical short stature with short trunk 
and beaking of vertebral bodies, but surprisingly was finally 
diagnosed as MPS IV. It should be noted that imaging findings 
may be mild or atypical in early childhood or in attenuated 
form of MPS that have a later onset with slower progression 
(16). Patient II also exhibited flattened vertebral bodies, with 
a similar appearance of the vertebral bodies seen in Patient 
IV. Therefore, considering those atypical or mild presentations 
it is not surprising that in several studies it has been showed 
that about half of the MPS IV patients were misdiagnosed with 
spondyloepiphyseal dysplasia (SED), based on radiographic 
interpretations (13).

It is important to accurately interpret vertebral abnormalities 
to distinguish between the two entities, MPS and SD. The 
presence of superior notched vertebra in addition to scoliosis 
and/or kyphosis is a common finding in SED while platyspondyly 
or humping of vertebral bodies is not consistently present 
(13). Moreover, one of the most significant findings on spinal 
radiograph in MPS is beaking of vertebrae and in SD are 
tongue-like projections, for example in pseudo achondroplasia. 
Although these features may appear similar, the thicker and 
wider shape of tongue-like projection is a helpful distinction 
(17,18). In addition to the spinal deformities, the deposition of 
glycosaminoglycans in the soft tissues contributes to cervical 
cord compression that occurs in MPS rather than SD. However, 
it should be noted that the incidence of myelopathy caused by 
atlantoaxial subluxation is present in nearly one third of patients 
with SED congenita (19,20).

The pelvic radiograph may also be useful in revealing distinctive 
radiological findings for SD and MPS. The square ilium is 
commonly associated with the achondroplasia group or Ellis-van 
Creveld syndrome, but is not usually present in MPS. The pelvic 

pattern in MPS is one of hypoplasia of the lower half of the 
ilium, which narrows and tapers inferiorly (21,22,23). Although 
the pelvic manifestations of MPS IV, SD and atypical phenotypes 
may overlap, distinguishing and features found only in MPS IV of 
all the MPS subtypes, such as genu valgum and joint laxity, may 
also contribute to earlier and correct diagnosis (4).

Patients V and VI are typical presentations of MPS IV and MPS I, 
respectively. Radiological findings are evident, even in infancy. 
However, early onset skeletal deformities in SD, such as ovoid 
configuration and beaking of vertebral bodies, as observed in 
Patient III, may mimic MPS. The central tongue of ossified bone 
extends anteriorly from the vertebral body in MPS IV patients. 
With a little distinction from MPS IV, MPS I is associated with 
inferior beaking of vertebral body. Another striking feature to 
help to identify the MPS subtype is that in MPS I, the L1 and 
L2 hypoplastic vertebral bodies commonly have posterior 
scalloping with dorsal gibbus, while in MPS IV platyspondyly 
and central beaking is widespread in the thoracolumbar 
vertebral bodies, as seen in Patient V (13,24). Furthermore, 
pelvic radiographic investigation may also assist in subtyping of 
MPS subtypes. In a patient with MPS IV, epiphyseal dysplasia of 
the caput femoris would accompany the tapered ilium, unlike 
in MPS I (4).

Radiological examination following by an enzyme activity 
assays will establish the initial diagnostic workflow and provide 
data to perform targeted molecular genetic tests. Although 
molecular genetic tests are essential tools for diagnosis, clinical 
confirmation remains necessary in some SDs because of an 
autosomal dominant inheritance pattern and variants of 
unknown significance.

Study Limitations

This was a retrospective study and so different radiological 
or biochemical analyses were not performed that might be 
requested for the differential diagnosis of patients.

Conclusion

Awareness of comprehensive clinical and radiological evaluation 
that guide an appropriate approach for distinguishing between 
MPS and SD is essential for establishing an accurate and 
timely diagnosis. This report has presented a summary of such 
distinguishing features which it is hoped will facilitate diagnosis 
by highlighting clues present at clinical presentations and on 
radiological imaging.
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