
Introduction

Mucopolysaccharidosis type II (MPS II), also called Hunter’s 
syndrome according to the first description of two affected broth-
ers by Charles Hunter1) in 1917, is a rare lysosomal storage disor-
der caused by deficiency in the activity or insufficient activity of 
the iduronate-2-sulfatase (IDS) enzyme. This deficiency results 
in the accumulation of glycosaminoglycans (GAGs), previously 
called mucopolysaccharides or MPS, in various tissues and or-
gans of the body2,3). Specific to MPS II, dermatan sulfate and 
heparan sulfate are the GAGs that are stored.

The gene that encodes the IDS enzyme is also called IDS and is 
located in Xq27.3-q28. To date, no precise genotype–phenotype 
correlation has been determined2). As it follows X-linked reces-
sive inheritance, it is almost exclusively seen in males. Only few 
females have been diagnosed with MPS II, and most cases have 

involved an autosomal X-chromosomal translocation or non-
random X-chromosomal inactivation3-5). There is a wide range 
of clinical features that occur in variable degrees, which have a 
chronic progressive course despite the age of symptom onset. The 
progression of the disease is characterized by multisystemic in-
volvement with coarse facial features, an enlarged tongue, a short 
stature, hepatosplenomegaly, cardiac disease, dysostosis multi-
plex, joint stiffness, and sometimes neurological involvement6-8). 
Although the phenotypic expression of MPS II spans a wide 
spectrum of clinical severities, patients can be divided into the 
following two groups: severely affected patients with profound 
neurologic involvement leading to cognitive impairment and 
developmental regression and attenuated patients with normal 
intelligence9,10). In recent years, improvements in patient iden-
tification, care, and management have meant that patients with 
MPS II are living longer11). With the introduction of enzyme re-
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placement therapy (ERT), it is clear that we can expect additional 
benefits in terms of improvements in visceral manifestations and 
increased mobility12). Although there is some indication that joint 
contractures may be improved by ERT, both ERT and bone mar-
row transplantation are likely to have only a limited impact on 
bone and joint disease based on the results of studies in animal 
models13,14). The underlying causes of degenerative joint and bone 
disease are a lack of skeletal remodeling, disordered endochon-
dral and intramembranous ossification, disruption of normal 
elastogenesis, and GAG infiltration into ligaments, tendons, joint 
capsules, and other tissue structures15-17). GAG storage in MPS in-
duces a complex sequence of molecular abnormalities that leads 
to inflammation, apoptosis (cartilage), and hyperplasia (synovial 
membranes), resulting in poorly organized and metabolically 
abnormal connective tissue matrices17-20). The cartilage is the ma-
jor area of pathology in mucopolysaccharidoses, leading to poor 
bone growth, poor joint mobility, and painful joints17). The study 
reviews previous literature on joint involvement in MPS II. 

Diagnosis of MPS II

The most common screening test for MPS II is quantitative 
measurement of urinary GAGs; the test can discriminate be-
tween broad classes of MPS but cannot distinguish subgroups2,3). 
A definitive diagnosis is usually made by measuring IDS enzyme 
activity in the serum, white blood cells, or skin fibroblasts. Analy-
sis of the IDS gene could be helpful in determining clinical sever-
ity in some cases, although genotype–phenotype correlations 
are not precise2). Prenatal diagnosis is also possible through the 
measurement of IDS activity in chorionic villous tissue or amni-
otic fluid6). An important characteristic of MPS II is the X-linked 
mode of inheritance, which could lead to wrong interpretations 
because it may cause mosaicism in heterozygous female cells with 
the normal or mutant IDS gene6). The incidence and estimated 
prevalence of MPS II varies between 1:76 000 and 1:162 000 
among male live births21). In Great Britain, Young and Harper8) 
mentioned an incidence of 1:171 132 in males and a prevalence 
of 1:79 million among males and females. A retrospective case 
study covering a period of 16 years was carried out to estimate 
the prevalence of lysosomal storage disorders in Australia. The 
studied revealed an incidence of 1:162 000 and a prevalence of 
1:136 00022). Muenzer3) reported that the incidence of the disease 
in the United States is unknown and that it is difficult to estimate 
the prevalence of MPS disorders because population-based stud-
ies and epidemiological data are scarce. 

Joint Stiffness

Joint stiffness is present in patients with MPS II. The accumu-
lation of GAGs from fetal life within bone, ligaments, synovial 
tissue, and skin leads to functional deficits, including progressive 
joint contractures, altered hand function, and a loss of fine motor 
skills5). The cartilage is the major area of pathology in mucopoly-
saccharidoses leading to poor bone growth, poor joint mobility, 
and painful joints5,6,8). Contractures cause significant loss of joint 
mobility and represent one of the earliest noteworthy indicators. 
All contractures are associated with widespread joint involve-
ment, which can cause significant loss of function. The most 
involved joints are the elbows, with symptoms of reduced exten-
sion, pronation, and supination; the shoulders, with symptoms 
of limitations in flexion, abduction, and lateral rotation; and the 
wrists, with symptoms of restrictions of flexion and extension23,24). 
In the inferior limbs, there is restriction in the extension, abduc-
tion, and lateral rotation of the hips; great loss of knee extension 
in the severe form; and limited dorsal extension of the ankles. 
According to Neufeld and Muenzer6), abnormal joint function 
probably results from a combination of metaphyseal deformities 
and thickened joint capsules secondary to GAG accumulation 
and fibrosis. Joint stiffness is also common in the elbow (59.7%), 
shoulder (54.8%), knee (42.7%), and ankle (33.9%)24). Joint stiff-
ness appears in the hand at a median age of 4.4 years and in the 
shoulder at a median age of 4.6 years. Joint stiffness generally 
becomes apparent in the elbow and knee when children are 
slightly older (median onset: 5.1 years)24). The next two joints in 
which stiffness is reported to develop are the hip (median onset: 
5.6 years) and ankle (median onset: 6.1 years)24). The authors 
emphasized the importance of range of motion (ROM) exercises 
to preserve joint function. They should be started early on in the 
treatment process. The indications for physical therapy and its 
benefits in MPS should be further studied6,8,25). 

Shoulder Joint

Restrictions in shoulder joints are the earliest symptoms ob-
served in MPS II patients26). The shoulder joint has the largest 
range of movement in the human body. Functionally, the shoul-
der provides sufficient mobility in synergy with the elbow and 
wrist to allow many different positions and orientations of the 
hand. Shoulder motion is limited by overlying soft tissue, and 
shoulder abduction is the first movement that becomes restricted 
in patients with MPS II24). Restrictions of shoulder abduction are 
more pronounced than those of shoulder flexion, and therefore, 
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they could be a more sensitive marker for measuring the ef-
ficacy of ERT26). Restrictions in shoulder flexion and abduction 
in MPS II patients have been observed before their second year 
of life26). In all patients, ROM limitations intensify and become 
more severe with age. A medium correlation between patient age 
and passive shoulder flexion was observed (R=0.563, P=0.001)26). 
In attenuated patients, the restriction of passive shoulder move-
ment progresses more slowly. In the case of attenuated patients, 
younger boys (11–12 years) already have joint ROM limitations 
in the upper limbs; however, they only require minimal help with 
daily activities. Older attenuated patients are more dependent on 
external help, especially when getting dressed and bathing26). 

Carpal Tunnel Syndrome

Carpal tunnel syndrome (CTS) is the most common entrap-
ment neuropathy in adults, but it is rarely seen in children27). 
However, CTS is commonly seen in young patients with MPS II 
(affecting 27.4% of patients with a median onset at 7.0 years)24). 
When it occurs in childhood, most cases are secondary to MPS27). 
CTS may result in contracture of distal interphalangeal joints, 
dysesthesia, loss of feeling in the first three fingers, and paresis 
of the thenar muscles28). Patients do not have typical symptoms 
until severe compression happens. CTS appears to be a common 
complication of mucopolysaccharidoses and is probably due to 
a combination of excessive lysosomal storage in the connective 
tissue of the flexor retinaculum and a deformed anatomy because 
of the underlying bone dysplasia29). This syndrome can cause loss 
of thumb function and significant handicap in combination with 
skeletal dysplasia, leading to decreased hand movements. Since 
1969, several studies on childhood CTS have been carried out, 
and in many cases, the etiology was lysosomal storage disease, 
mainly MPS29-31). One study described two affected children 
below 5 years of age, and another study reported three children 
with mild forms of MPS II who underwent standard decompres-
sion of the median nerve28,32).

Decompression surgery is recommended in patients in whom 
either loss of hand function or a large decrease in nerve conduc-
tion is present. Furthermore, decompression surgery is reported 
to result in rapid and sustained improvement in function33). The 
treatment is usually surgical, and the outcome has been satisfac-
tory in terms of restoring motor hand activity in some patients 
and partial improvement in others6).

Hip and Knee Joint

Hip deformity in terms of acetabulum dysplasia was found to 
be apparent in more than half of all patients for whom hip im-
ages were available. Acetabulum dysplasia is probably the result 
of disturbances in the architecture of the growth plate and the 
decreased ability of bone cells to synthesize new bone on calci-
fied cartilage17). Hip dysplasia is predictive of osteoarthritis and 
poor mobility34). Flexion contractures in hip and knee joints lead 
to smaller values of patients’ height26). In general, shorter pa-
tients tend to have greater ROM restrictions, while taller patients 
have less ROM restrictions, especially in the lower limbs (knee 
joints)35,36). A hip abnormality was found in 26 of 30 patients 
(86.7%) for whom hip images were included in the HOS (all X-
rays). The most common abnormality was acetabulum dysplasia 
(affecting 53.3% of patients), followed by femoral head dysplasia 
(affecting 26.7% of patients)24).
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