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INTRODUCTION

Mucopolysaccharidosis (MPS) are a
group of rare orthopedic disorders caused
by heterogeneous genetic abnormalities
in which lysosomal storage alteration lead
to intracellular accumulation of glycosami-
noglycans (GAGs) that injure and create
dysfunction of varying degrees in multiple
organs and systems, in a progressive and
lethal way1. The type of MPS can be clas-
sified according to the enzyme defect by
which it is determined or according to its
clinical manifestations and the progres-
sion of the disease’?*

The impairment of the musculoskele-
tal system or “dysostosis multiplex” is a
common feature in all MPSs'2. It is cha-
racterized by osteoarticular deformities
(kyphosis, scoliosis, knee valgus, equino-
varus), joint stiffness with a loss in range
of motion (ROM), and upper motor neu-
ron impairment (myelopathy, hypertonia,
spasticity)'2.

There is no specific motor function clas-
sification system for individuals with
MPS. However, the progression of motor
function impairment such as walking, sit-
ting, and functional independence in day
to day activities is directly related to the
severity of the disorder"2*

The “Gross Motor Function Classifica-
tion System” (GMFCS) was developed
to describe the severity of motor function
impairment in patients with cerebral pal-
sy4. This scale is stable for patients bet-
ween the ages of 2 and 12, and its validity
and reliability have given it international
acceptance and use4,5. Such as in ce-
rebral palsy, patients with MPS show mo-
tor function impairment that is associated
with progressive joint stiffness and upper
motor neuron injury.

The GMFCS could also be used as a sca-
le for systematic grading of MPS. This will
allow for normalization of the functional
motor severity in these subjects, enabling
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data homogenization and the comparison
of treatment outcomes in patients with si-
milar disorders. The objective of this stu-
dy is to verify that the GMFCS scale can
be used to evaluate motor function impair-
ment in patients with MPS.

MATERIAL AND METHODS

This is a retrospective study, based data
from the medical records of 22 patients
with different types of MPS who were on
enzyme replacement therapy (ERT) in the
pediatric wing of the Hospital. The patient
data were evaluated during ERT. This
study was in accordance with the ethical
standards laid down in the 1964 Decla-
ration of Helsinki; informed consent was
obtained for all patients and the protocol
was approved by the institutional Ethics
and Research Committee.

All treated patients were clinically evalua-
ted using a standardized form for mus-
culoskeletal system evaluation that had
been previously prepared by the research
team. The form contained general in-
formation (socio-geographic and clinical
data) as well as specific data collected
from locomotor examinations. All patients
were evaluated by at least two of the
authors together at the time of ERT.
Specific data collected on the form were:
an assessment of global motor function;
measured range of motion of the knee, el-
bow, and shoulder joints; evaluation of the
main deep tendon reflexes (brachioradia-
lis, triceps, biceps, patellar, and Achilles’);
and an evaluation of hand function. Glo-
bal motor function was measured using
a score from the GMFCS (Global Motor
Function Classification System), which
is an evaluation system that was initially
created for patients with cerebral palsy4.
The joints’ ranges of motion were measu-
red using a simple universal goniometer6.
Reflexes were evaluated in the conventio-
nal way, and the Wexler Scale7 for their
quantification. Hand function was graded
using the scale proposed by Haddad et

a|<8.

GMFCS was assessed at two different ti-
mes. In the first time patients were classi-
fied by three observers, named A, B and
C: the right classification was obtained by
consensus. The second evaluation was
performed one week later and the pa-
tients were evaluated by observer A only.
We assumed that one week was insuffi-
cient to produce any significant clinical al-
terations. Data from the evaluations were
used to assess reliability; inter-observer
agreement (between A, B and C) and in-
tra-observer agreement (between A at the
beginning and A one week later).

For research purposes, the data were co-
llected and divided into two groups. The
first group, “GMFCS=1", was composed
of patients who were assessed to be at
Level 1 on the GMFCS (with the least
amount of impairment). The second,
“‘GMFCS>1", included patients who be-
longed to the other levels (two through
five) on the GMFCS. This dichotomous
division of the scale that originally has
five stages was used to increase statisti-
cal analysis power, avoiding a study with
small numbers in each group.

Reliability was assessed by means of ka-
ppa statistics according to Fleiss (1981)°
and the degree of concordance was ac-
cording to Landis and Koch (1977)'°. The
data from both groups were presented
in descriptive tables and a comparison
between them was done, looking at sig-
nificant differences that would validate the
GMFCS scale as an effective marker of
motor function in patients with MPS. Dis-
crete variables were compared using the
chi-square test, while continuous varia-
bles were compared using the Student’s
t-test. Correlation studies were also per-
formed (Pearson or Cramer) between va-
riables considered statistically or clinically
significant. In all the hypothesis testing,
p<0.05 was used as the level of statistical
significance.
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RESULTS

14 Patients were classified as GMFCS1, 3
were GMFCS2, 1 was GMFCS3, 1 were
GMFCS4 and 3 were GMFCSS5. Inter-
observer agreement was 0,89 (confiden-
ce interval = 78-96) and intra-observer
agreement was 0,93 (confidence interval
= 84-99) Both results were considered
almost perfect according to Landis and
Koch10. Table 1 shows the main charac-
teristics of patients, distributed according
to the severity of their motor impairment

ARTICULO ORIGINAL

in accordance with the GMFCS scale. Ta-
ble 2 demonstrates the ranges of motion
(flexion) of the shoulder, elbow, and knee
joints, also distributed according their se-
verity on the GMFCS.

The median age of the patients in the stu-
dy was 10.5 (+4.8) years. Thoracic de-
formity was seen in 59% of the subjects;
31.8% had pectus carinatum and 27.2%
had pectus excavatum. The equinovarus
deformity was found in 43.2% of exami-
ned feet. Knee valgus was seen in 65.9%

Clinical characteristic GMFCS >1 GMFCS =1 p
Weight (kg) 25.2 (£15.4) 21.7 (£7.2) 0.47
Height (cm) 1.1(x0.2) 1.1(x0.2) 1
Age (years) 12.8 (+3.2) 9.1 (¥5.1) 0.08
Duration of ERT (months) 7.8 (£7.1) 15.3 (¢20.7) 0.33
Type of MPS 0.34
| -
]
Vi 5
Haddad (hand) 0.03
4 and 5 (functional) 14
< 4 (deficient) 1
Thorax 0.18
Normal
Pectus excavatum
Pectus carinatum -
Foot 0.71
Normal 17
Equinovarus 8 11
Muscle Tone 1
Normal 6 1
Increased 3
Reflexes 0.001
Normal 51 131
Hyperreflexia 29 9
Knees 0.007
Normal 10 5
Valgus 6 23

Table 1. Clinical Characteristics of patients with MPS in accordance with the GMFCS
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Joint (flexion) GMSCF >1

Right shoulder 56.2 (£37.3)
Left shoulder 61.2 (+35.7)
Right elbow 80 (+27.5)

Left elbow 81.2 (£31.2)
Right knee 97.5 (¢x17.3)
Left knee 98.1 (£17.9)

GMSCF =1 p
61.8 (+21.6) 0.65
67.7 (+1.3) 0.59
103.8 (+28.2) 0.06
105 (+29.1) 0.08
113 (+28.9) 0.19
109.3 (+33.3) 0.39

Table 2. ROM of patients with MPS in accordance with the GMFCS

of the subjects. Hyperreflexia was found
in 17.3% of tested reflexes, while 27.2%
of patients showed increased muscular
tone. All evaluated patients showed loss
of range of motion to some degree in the
assessed joints (joint stiffness).

A notable association was found between
the GMFCS and both Haddad’s hand
function scale and ROM of the elbows.
For this reason, tests were done to veri-
fy the existence of a correlation between
the GMFCS and Haddad’s scale, as well
as between the GMFCS and ROM of both
the right and the left elbow. The correla-
tion with the flexion of the right elbow was
r=0.34 and with the left elbow was r=0.17;
neither was considered statistically signifi-
cant. The correlation with Haddad’s scale,
however, was r=0.94, and statistically sig-
nificant (Figure 1).
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GMFCS 1 GMFCS 2 GMFCS 3 and
igure 1. The correlation between the GMFCS and

Haddad’s hand function scale (r=-0.94; p<0.05).
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To check the association between GMFCS
and hyperreflexia, Cramer’s contingency
coefficient was used, which is equal to the
correlation coefficient of variables subjec-
ted to the chi-square test. In this case,
Cramer’s coefficient regarding this asso-
ciation was 0.41 for association, showing
a p=0.001.

DISCUSSION

Patients in this study had a high preva-
lence of deformities in the thorax (59%),
foot (43.2%), and knee (65.9%) regions.
Additionally, there was a high frequency of
signs of upper motor neuron involvement,
evidenced by the amount of hyperreflexia
(17.3%) and hypertonia (27.2%).

These findings are characteristic of all
MPSs, which to a greater or lesser de-
gree always come with skeletal deformi-
ties such as genu valgum,equinus varus,
pectus carinatum and excavatum, and
joint stiffness and contractures’?®. Com-
municating hypertensive hydrocephalus,
while more common in MPS type I, can
also occur in types Il and VI?3. Cervical
cord compression and myelopathy are
also often found in MPS. Their relation
to hydrocephalus could explain the in-
creased presence of signs characteristic
of upper motor neuron impairment in the
studied group. These clinical characteris-
tics confirm a clinical similarity between
MPS and cerebral palsy in relation to or-
thopedic deformities and associated mo-
tor impairment.
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GMFCS has been a simple and efficient
method for classifying MPS patients as
well as it has showed an excellent intra
and inter-rate reliability. This is in accor-
dance to the same reliability evaluation
obtained in a group of patients with ce-
rebral palsy used to validate GMFCS in
Brazilian patients'. The total of 22 sub-
jects was insufficient to divide them into
multiple groups according to their severity
as scaled on the GMFCS, but the com-
parison of the less impaired group to the
group with more severely impaired motor
functions (all together) has shown that the
GMFCS can also be effective in detecting
the severity of motor function disability in
patients with MPS.

The patients from both groups were con-
sidered homogeneous for comparison
purposes, with no differences in weight,
height, or time spent undergoing enzyme
replacement. Despite the absence of type
| patients in the group “GMFCS>1", there
was no significant difference with regards
to the type of MPS in each group (Table 1).
There was a greater incidence of deformi-
ty in the thorax and knee regions among
patients from the group “GMFCS=1". The
majority of the deformities, however, were
found in patients with MPS types VI and
[. Out of the subjects with type VI, 72.7%
were found to have thoracic abnormalities
and 100% of individuals with type | had
the same deformity. The fact that there
were no type | patients, and a lower fre-
quency of type VI patients in “GMFCS>1"
could have contributed to the small num-
ber of deformities in this group. The grea-
ter prevalence of valgus deformities in the
less severely impaired group (GMFCS=1)
could have been influenced by the low
age of these patients, taking into conside-
ration that this deformity tends to diminish
between 4 and 12 years of age'.

Hand function was significantly more im-
paired in the group “GMFCS>1". This
reinforces the idea that this group has
inferior musculoskeletal function to the
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group “GMFCS=1". The functions that
can be accomplished with an upper limb,
such as holding onto objects and dres-
sing, grooming, and cleaning oneself, are
determinants in the activities of daily living
(ADLs) and quality of life of patients with
MPS™- The correlation between functio-
nal capacity as measured by the GMFCS
and hand function in patients with MPS
(r=0.94, p<0.05) indicates that the GMFCS
also has the capacity to stratify motor diffi-
culties in performing ADLs and tasks that
involve the use of upper limbs.

Range of movement of the shoulder, el-
bow, and knee joints was consistently
lower in the group “GMFCS>1", and fur-
ther evaluation of the right and left elbows
showed a tendency toward statistical
significance among the comparisons bet-
ween the groups (p<0.1). It is possible
that the GMFCS could be an important in-
dicator as to joint stiffness in patients with
MPS, however the sample size may have
been insufficient to prove this finding.

An important limitation of this study is the
small sample size, but MPS are a group
of rare disorders and a series of cases
greater than 22 individuals is very difficult
to come by in literature. The goniometer
as a measure of joint ROM is a measure
dependent on the examiner, however it is
a method with good validity and reliabili-
ty6. In order to minimize possible errors
with the goniometer, we chose only large
movements (flexion), and their measure-
ments were considered only in the joints
that are normally the most impaired.
Another limitation that should be discus-
sed is that the six-minute walk test was
not performed [14]. This test, however,
has a wide variability that makes it unsui-
table for analysis considering the fact that
some of our patients were unable to walk.
Our study is an original contribution to li-
terature about the possibility of using the
GMFCS as an indicator for the severity of
musculoskeletal system impairment in pa-
tients with MPS, and also demonstrate an
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excellent inter and intra-observer agree-
ment, much as it is in patients with cere-
bral palsy. This scale correlated with hand
function, upper motor neuron involvement,
and proved a reliable marker of joint stiff-
ness in this group of patients.
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