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Abstract

Objective: To describe the profile of joint mobility and grip and pinch strength of MPS VI patients and to correlate
this with urinary excretion of glycosaminoglycans (GAGs), ARSB activity, and the distance covered in a 6-minute walking
test (6MWT).

Methods: This was an observational study of 28 patients with MPS VI, who had not undergone specific treatment.
All patients were assessed for amplitude of joint mobility (shoulder, elbow, and knee), grip and pinch strength and
urinary GAG excretion and also performed the 6MWT.

Results: Shoulder flexion exhibited the greatest limitation, with no correlation with age, followed by knee extension
and elbow flexion, both of which were correlated inversely with age. Hand grip strength was compromised in all patients,
and pinch strength exhibited a positive correlation with age.

Conclusions: The fact that restricted shoulder flexion was not correlated with age suggests that this finding is
present early on in MPS VI and that it constitutes an important clinical sign that should arouse diagnostic suspicion of
this disease. The amplitude of knee extension and elbow flexion, in turn, are possible markers of disease progression

ORIGINAL ARTICLE

since they have a negative correlation with age. Further studies are needed to confirm these hypotheses.
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Introduction

The mucopolysaccharidoses (MPS) are a group of lysoso-
mal diseases caused by a deficiency of one of the enzymes
involved in catabolism of glycosaminoglycans (GAGs), which
are macromolecules found in the extracellular space and cell
membrane. The global incidence of MPS is estimated at
1.3-4.5:100,000 births.* 3 This group of diseases is classi-
fied according to which enzyme is deficient (Table 1). Although
each type of MPS exhibits a highly heterogeneous pheno-
type, symptoms usuallys start in childhood)? and patients
exhibit hepatosplenomegaly and cardiac, respiratory, ocular,

bone and jointinvolvement (neurological compromise is vari-
able). Studies undertaken with MPS Brazilian patients sug-
gest both that there is an underdiagnosis of MPS and that the
mean age of diagnosis is higher in our country, which prevent
families’ early access to genetic counseling and specific
treatment.*-®

MPS type VI (MPS VI) was described for the first time in
1963 andis a type of MPS thatis clinically similar to MPS I, but
with intelligence preserved and increased urinary excretion
of the GAG dermatan sulphate (DS) (Table 1).2-7 Itis an auto-
somal recessive disease, caused by a deficiency in the activ-
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Table 1 - Mucopolysaccharidosis classification?
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Glycosaminoglycans

Type Eponym Enzyme deficiency excreted in urine Inheritance
MPS 1 Hurler o-L-iduronidase ds/hs AR
Hurler/Scheie
Scheie
MPS II Hunter Iduronate sulfatase ds/hs XLR
MPS III Sanfilippo A Heparan N-sulfatase
Sanfilippo B o-N-acetylglucosaminidase
Sanfilippo C Acetyl-coa- o-glucosaminide hs AR
Sanfilippo D Acetyltransferase
N-acetylglucosamine -6-sulfatase
MPS IV Morquio A Galactosamine-6-sulfatase ks/ chondroitin 6-sulphate AR
Morquio B B-galactosidase ks AR
MPS VI Maroteaux-Lamy N- acetylgalactosamine ds AR
4-sulfatase
MPS VII Sly B-Glucuronidase ds/hs/chondroitin 4-,6-sulphate AR
MPS IX* Natowicz Hyaluronidase Hyaluronic acid AR

AR = autosomal recessive; ds = dermatan sulphate; hs = heparan sulphate; ks = keratan sulphate; MPS = mucopolysaccharidoses; XLR = X-linked

recessive.
* Just one patient has been described in the literature.

ity of the lysosomal hydrolase N-acetylgalactosamine
4-sulfatase, or arylsulfatase B (ARSB), coded by the ARSB
gene which is located on chromosome 5q13-14.° It would
appear that MPS V1 is one of the rarest types of MPS,*3 but in
Brazil this situation is different, since here this is one of the
most often diagnosed types of MPS.8° The causes of this find-
ing are not yet known. Patients with MPS VI usually appear
normal at birth, but occasionally may present characteristics
such as dolicocephaly, wide forehead and spinal abnormali-
ties. As the disease progresses, and depending on the sever-
ity of the case, they will develop abnormalities in a range of
different organs and tissues. These may include facial infiltra-
tion, hepatosplenomegaly, growth deficit, joint contractures,
cardiovascular involvement, ocular abnormalities (corneal
clouding, glaucoma and papilledema with optical atrophy),
neurological involvement (hydrocephalus, medullar
compression; mental retardation is not a common occur-
rence), obstructive sleep apnea syndrome and umbilical and
inguinal hernias.? Osteoarticular manifestations, which are
the subject of this study, are generally secondary to metaphy-
seal involvement and thickening and fibrosis of the articular
capsule.'® They are progressive changes that limit move-
ments,” and in some joints, especially knees, hips and elbows,
limitations are present from the first years of life onwards.?"”
Flexional contractures in the fingers give them a claw-like
appearance? (Figure 1). The emergence of carpal tunnel syn-
drome, due to compression of the median nerve at the wrist
by deposits of GAGs, and/or Dupuytren’s contractures affect
hand movements, including the ability to grasp objects and

to pinch.” In conjunction, these abnormalities contribute to a
significant inability to perform simple acts necessary to daily
life, such as feeding oneself, dressing and performing per-
sonal hygiene, and to accomplish practical tasks such as open-
ing doors, answering telephones, catching the bus, etc. With
relation to treatment, hematopoietic cell transplantation
(HCT) is a strategy which risk/benefit is not well-established.
Enzyme replacement therapy (ERT) has shown itself to be a
potential strategy for the treatament of some MPS, with
encouraging results, but long-term follow-up is still
needed.t-14

The principal objective of this study was to describe the
profile of the joint mobility, based on the assessment of spe-
cificjoints (shoulders, elbows and knees), and to evaluate the
grip and digit to digit and lateral pinch strength of a group of
patients with MPS VI who had not previously been treated with
ERT or HCT. The secondary objectives were to assess the cor-
relations between mean joint mobility scores, grip strength
and pinch strength and age, urinary GAG excretion, ARSB
activity and performance in the 6-minute walking test
(6MWT).

Methods

This study was approved by the National Research Ethics
Commitee (CONEP - Comissdo National de Etica em Pes-
quisa) and meets all of the clinical research regulations,
including the informed consent. In order to be included in the
study, patients had to have a diagnosis of MPS VI confirmed
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Figure 1 - Radiography of the hand of a 14-year-old patient with
Mucopolysaccharidosis VI, showing findings typical of
these patients (claw hand, shortened metacarpals and
phalanges, pointed proximal portion of the metacar-
pals, increase in the angle of the distal radius in relation
to the ulna)

by deficient activity of ARSB in leukocytes or fibroblasts (with
at least one other normal sulfatase, in order to exclude mul-
tiple sulfatase deficiency), and must not have received HCT
or ERT treatment.

The study sample originated from the MPS clinics at the
Medical Genetics Service at the Hospital de Clinicas de Porto
Alegre, Brazil, which is an international reference center for
the diagnosis and treatment of MPS. All assessments were car-
ried out during the same consultation, and the physiatric
assessment (joint mobility, grip and pinch strength) was
always carried out by the same examiner (ACS), a physiatric
physician with a great breadth of experience in MPS.

Joint mobility assessment (JMA)

The passive JMA was evaluated by standardized tech-
niques, > investigating flexion and extension of the shoul-
ders, elbows (Figure 2) and knees, using a goniometer. Three
consecutive measurements were made for each joint and the
mean value taken. The results from the left and right sides
were compared (Student’s t test for paired samples) and,
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Normal elbow flexion from 0° to 150°.
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Normal elbow flexion does not pass 0°.
The figure ilustrates overextension.

When the patient is unable to reach 0°,
this is defined as negative extension (in this case -30°).

Figure 2 - Joint mobility assessment (JMA) - elbow

when there was no difference between them, their mean was
taken.

Pinch strength assessment (digit to digit and lateral
pinch)

A B&L Mechanical pinch dynamometer, scaled in pounds,
was used to assess pinch strength of the 1st. and 2nd digits
(digitto digitand lateral pinch). In order to take this measure-
ment the elbow had to be at 909, and the forearm and wrist in
a neutral position. Three measurements were taken of each
pinch strength and the mean of each taken. The results from
the left and right sides were compared (Student’s t test for
paired samples) and, when there was no difference between
them, their mean was taken.

Grip strength assessment (manual pressure)
A manual, hydraulic dynamometer, Jamar brand, was

employed in this study to measure and grip strength, accord-
ing to a standardized technique. Three measurements were
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Table 2 - Joint mobility (passive) of the study sample (n = 26/28)
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Shoulder*

Elbow* Knee*

X = 53.5 (normal: 60)
Range = 39to 63
SD = 5.7

Extension (°)"

X =80.7 (normal: 180)
Range = 54 to 136
SD=+17.4

Flexion (°)"

X =-29.2 (normal: 0)
Range = -55.0t0 17.5
SD =+14.2

X =-23.1 (normal: 0)
Range = -50 to +20
SD = £13.2

X = 121.8 (normal: 135)
Range = 102.5to 135.5
SD = £9.2

X = 126.7 (normal: 150)
Range = 100.0 to 146.5
SD=+£11.1

* Three measurements were taken for each joint movement and the mean taken as the final result. There was no difference between the left and right

sides and so the figures given here are means of both sides.

" Normal values are according to the American Academy of Orthopedic Surgeons.?°

taken for each hand, with 20 second rest intervals, and the
mean taken. The results from the left and right sides were
compared (Student’s t test for paired samples) and, when
there was no difference between them, their mean was taken.

Urinary GAG assays

Random urine samples were analysed, as described by
Jong et al.'”

Measurement of ARSB activity in leukocytes

It was performed as described by Kresse et al.18

Six-minute walking test (6MWT)

Performed according to the American Thoracic Society
guidelines.'® Two tests were performed on different days and
the mean taken for analysis.

Results

Twenty-eight patients were enrolled on the study (males:
15; females: 13). None of the patients reported having
received, during the year prior to the study, rehabilitation
therapy on a regular basis (at least one session per week).
Mean age at assessment was 8.1 years (SD = 2.9 years; range
=4-15.5 years). As expected, all patients exhibited reduced
ARSB activity in leukocytes (X = 5.4 nanomol/hour/mg prot;
SD = 3; range = 0-13; normalrange = 72-176), and elevated
levels of urinary GAG ()7 =43.1 mg/mmol creat; SD = 14.6;
range = 17-78; normalrange = < 12 ifage below 9 years, < 7
if age between 9 and 19 years). The mean distance covered
inthe 6BMWT was 258.5m (SD = 78; range = 82-420). No sig-
nificant correlation was detected between ARSB activity or uri-
nary GAG and the distance covered in the 6MWT.

Itwas not possible to carry out the strength and JMA mea-
surements in two cases, due to a lack of co-operation on the
part of the patients. Analysis of the JMA detected, in descend-
ing order of severity, major compromise to shoulder flexion,
knee extension, elbow flexion, elbow extension, shoulder
extension and knee flexion (Table 2). A negative correlation
was found between age and degree of elbow flexion (r = -0.44;

p = 0.026), age and degree of knee extension (r = -0.56, p =
0.003), and a positive correlation between shoulder flexion
and the distance covered in the 6BMWT (r = 0.49, p = 0.01).

Grip strength was zero in 23 of the 26 patients assessed,
since either strength or joint mobility were insufficient to acti-
vate the dynamometer. The three patients who did manage
to activate the equipment reached levels well below normal
(ameanof 0.1 pounds). Mean normal values are between 28.6
pounds (age 6-7 years) and 64.4 pounds (age 14-15 years).?!

Mean digit to digit and lateral pinch strengths were 2.7
pounds (SD = 0.9; range = 1.4-5.0) and 3.5 pounds (SD =
1.2; range = 1.7-5.7 pounds), respectively. A positive corre-
lation was observed between age and digit to digit pinch
strength (r = 0.448, p = 0.022), and between age and lateral
pinch strength (r = 0.593, p = 0.001).

The sample’s pinch strength loss ratio was calculate, giv-
ing aresultof 35.5% (SD = 11.6; range = 35.8-79.8) for digit
to digit pinch strength and 27% (SD = 8.1; range =57.1-85.7)
for lateral pinch strength; there was no statistically signifi-
cant difference between males and females in terms of loss of
digit to digit pinch strength (p = 0.4) or of lateral pinch
strength (p = 0.3). The correlations between these digit to
digitand lateral pinch loss ratios and urinary GAG levels, ARSB
activity and 6MWT performance were not significant.

No correlation was found between the JMA of the joints
assessed and grip and pinch strength measurements, or
between JMA and grip and pinch strength and urinary GAG
excretion, enzyme activity (ARSB) and 6MWT performance.

Discussion

Studies of the mobility and strength profiles of MPS VI
patients, and those with MPS in general, are scarce and those
that do exist employ these variables as measures of treat-
ment outcomes (ERT or HCT).11:13,14,22-24 Therefore, the
information provided by this study is of relevance, especially
to future studies that aim to assess the impact of specific treat-
ments for MPS VI on the osteoarticular system.
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Shoulder flexion was the movement most compromised
in MPS VI, but there was no correlation with age. In these
patients, this finding may be secondary to severe limitation
of shoulder flexion right from the very first years of life. If this
isthe case, then involvement of this jointis an important clini-
cal signal that should arouse a diagnostic suspicion of MPS
VI, but it is not a marker of disease progression. In contrast,
knee extension and elbow flexion measurements demon-
strated a negative correlation with age (the JMA of these joints
detected worse mobility among older patients), and are pos-
sibly markers of MPS VI progression. Itis important to empha-
size that compromise to these three joints prejudices the
execution of daily activities such as brushing teeth and hair,
feeding oneself and walking itself.

The positive correlation between degree of shoulder flex-
ion and the distance covered in the 6MWT may be due to asso-
ciated movements (swinging) of the upper limbs while
walking. Therefore, patients who can walk further would have
less shoulder flexion compromise.

The fact that the grip strength of 23 of the 26 patients was
zero reflects the major involvement of finger flexion that is
associated with MPS VI. However, another possible cause
could be the use of an inappropriate dynamometer which is
unable to measure small displacements of the fingers. In con-
trast, the compromised finger joint mobility did not impede
pinch movements, neither digit to digit nor lateral pinch,
despite major deficits in strength and mobility, and there was
a positive correlation between age and both digit to digit and
lateral pinch strengths (strength was greatest in the oldest
patients, despite being well below normal values). This, there-
fore, is one possible outcome that could be assessed in future
research.

We believe studies that have the objective of delineating
the natural history of MPS and which employ accessible meth-
ods that are reproducible and sensitive, such as the ones used
in this study, should continue to be carried out . Itis only thus
that better markers, both of disease progression and for moni-
toring the effects of drug and rehabilitation treatments, can
be defined.
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