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ABSTRACT
Objective: The present study aims to evaluate the grip strength and range of motion of the upper 
limbs of patients with Mucopolysaccharidosis VI in order to observe how these factors can affect 
and correlate with the activities of daily living. Methods: The sample consisted of 13 patients: 
8 males and 5 females, with a mean age of 17.76 years, mean weight of 31.30Kg, and a mean 
height of 1.17m, who agreed to participate and who met the inclusion criteria. The study was 
conducted in the state of Pernambuco at the Inborn Errors of Metabolism Treatment Center 
(Centro de Tratamento de Erros Inatos do Metabolismo), located at the Integrative Medicine 
Institute (Instituto de Medicina Integral) Prof. Fernando Figueira (IMIP). Range of motion (ROM) 
measurements of their upper limbs and manual grip strength were collected, and the subjects 
answered a structured questionnaire. Results: In this study the flexion of the shoulder joint that 
had the greater impairment mostly did not follow this pattern, since the average ROM for the left 
arm was 90.38 and 93.38 for the right. The ROM found to be the farthest below the predicted 
average in the study was for wrist extension in both the left and right limbs. In grip strength 
assessment, only one individual measured above the predicted average, 9 (69.21%) showed a 
degree of strength between 0 and 2 pounds (lb) in the right hand and 8 (61.52%) in the left. 
Conclusion: This study hopes to serve as a means of monitoring the evolution of MPS VI , which 
can support new studies, evaluation protocols, and motor rehabilitation.
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INTRODUCTION

The Mucopolysaccharidoses (MPS) form 
a heterogeneous group of rare and hered-
itary metabolic diseases caused by the de-
ficiency of enzymes needed to break down 
glycosaminoglycans (GAG).1  The MPS are 
divided into seven types, where each sub-
type presents specific characteristics and 
dysfunctions.2 Although individually rare, 
they are relatively frequent when seen to-
gether, showing a global incidence estimat-
ed at 1:22,000.3

In the MPS type VI (Maroteaux Lamy Syn-
drome), the deficient enzyme is the N-acetyl-
galactosamine-4-sulfatase or arylsufatase B, 
which is considered as one of the rarest types 
of MPS4 in the world and has an incidence of 
0.23 for each 100,000 live births.5 However, in 
Brazil, the situation is the opposite, with the 
MPV type VI being one of the most frequent 
types diagnosed.4  

Apparently, children with MPS are nor-
mal at birth, which very much hinders its 
diagnosis and early treatment.6

 For most 
individuals with MPS type VI, the first signs 
of the disease are presented in childhood,4 
however the diagnosis is, many times, de-
layed due to the absence of cognitive im-
pairment.7 MPS VI presents dysfunctions 
that affect many systems: body organs and 
joints, whose dysfunctions such as joint 
stiffness and osteoarticular manifestations 
can cause significant functional losses.4,8

Limitations to movements and flexional 
contractions of the joints affect especially the 
knees, hips, elbows, wrists, and fingers.8,9,10 
There is an inversely proportional relation-
ship between age and the mobility of these 
joints—for the older the patient, the worst the 
mobility.4 Thus, the evaluation of joint mobility 
can be considered a good marker of the evolu-
tion of MPS type VI.4

The main causes for the dysfunctions 
that lead to impairment in activities of dai-
ly living are changes in the connective tis-
sue that leads to a loss of joint mobility, a 
reduction in the range of motion (ROM) of 
many joints, and a loss of muscle strength, 
especially in the flexion and extension of the 
hands and in the pronation and supination 
of the forearm.11,12     

Functional losses in the thumbs, wrists, 
and fingers that lead to claw hands are asso-
ciated with carpal tunnel syndrome and to 
the accumulation of GAGs.11,12 All the changes 
found in MPS type VI contribute to a signifi-
cant disability to perform simple acts.6,8

OBJECTIVE

The present study sought to evaluate 
the grip strength and range of motion of the 
shoulder, elbow, wrist, and hand joints—cor-
relating them with the activities of daily living.

METHOD

The sample was made up of 13 patients of 
both genders, aged between 7 and 39 years 
with Mucopolysaccharidosis type VI, reg-
istered at the Inborn Errors of Metabolism 
Treatment Center at the Integrative Medicine 
Institute Prof. Fernando Figueira (Centro de 
Tratamento de Erros Inatos do Metabolismo 
do Instituto de Medicina Integral Prof. Fernan-
do Figueira – CETREIM-IMIP) who were treat-
ed with Enzyme Replacement Therapy (ERT).

The study included all the patients with 
confirmed diagnoses of MPS type VI, with 
preserved cognitive function, of both genders, 
older than seven years of age, and it exclud-
ed patients with traumatic injury to the upper 
limb and those who refused to perform or 
complete any phase of the data collection.

The present study respected the princi-
ples of ethics in research on humans includ-
ing autonomy, non-maleficence, justice, and 
beneficence, in accordance with Resolution 
466/12 from the National Health Council. All 
the patients were informed of the objectives 
and methodology of the study and were then 
invited to participate. The study was begun 
after approval by the Committee for Ethics in 
Human Research from the Hospital Memorial 
Guararapes (Guarapes Memorial Hospital)/PE 
under CAAE No. 35299214.3.0000.5199 and 
carried out between October and November 
of 2014 in a room of the CETREIM-IMIP after 
the adult patients signed the Free and In-
formed Consent form and the legal guardians 
of the patients aged between 7 and 17 years 
signed the Consent Terms for their participa-
tion.

Data collection proceeded with questions 
regarding the identification and clinical data of 
the participants, followed by the participants 
answering a structured questionnaire pre-
pared by the researcher. After that, the range 
of motion of the upper limbs was measured 
and the handgrip strength test was applied.

After agreeing to participate in the present 
study, the participants were taken to a room at 
the CETREIM-IMIP, where they signed the Free 
and Informed Consent form or Consent Terms, 
according to their age, and had their ROM and 

hand grip strength evaluated in the seated 
position (90º of hip and knee), with their feet 
supported and by only one researcher.    

Done in phases, the procedure for the 
identification questionnaire was composed 
of questions asked directly to the participant 
in which he or she would answers questions 
such as name, gender, and age, etc., and so-
ciodemographic questions such as address, 
schooling, and profession. After that, the in-
dividual was questioned about the presence 
of pain in their upper limbs (using a modi-
fied Borg scale), about the presence of joint 
stiffness (explained to the patient as a hard, 
difficult-to-move joint), and about their level 
of functional performance in activities of dai-
ly living (ADLs) such as brushing their teeth, 
combing their hair, and writing, etc.

Their joint mobility was evaluated active-
ly and measured by a standardized technique 
through flexion, extension, and abduction of 
shoulders; flexion and extension of elbows; 
radioulnar pronation and supination of the el-
bow, and finally flexion and extension of the 
wrist using a goniometer  (Carci®, Brazil), with 
the unit of measure in degrees (º).

To finish, the grip strength of both hands 
was measured with a manual hydraulic dy-
namometer (Baseline®, U.S.A), whereby the 
individuals remained seated, adjusted to their 
proper height, with their feet on the ground 
with knees and hips flexed at 90º.  The shoul-
der remained adducted and the elbow was 
positioned at 90º flexion with the forearm 
in neutral position. The standard adjustable 
strap was placed in the first position for partic-
ipants aged between 7 and 19 years and in the 
second position for participants older than 20. 
An interval of one minute between the three 
measurements was observed and the final re-
sult was considered to be the average of the 
values obtained, using pounds for the unit of 
measure for children13 and adults.14

Statistical data was obtained using the 
SPSS 13.0 and Excel 2007 softwares, which is 
presented in the form of tables and/or graph-
ics with their respective absolute and relative 
frequencies. The numerical variations are rep-
resented by the central tendency and disper-
sion measurements.

RESULTS

The study included 13 patients receiving 
ERT for more than one year, with eight males 
(61.5%) and five females (38.5%), with mean 
age at the time of evaluation of 17.76 years 
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and  mean weight and height of 31.30kg and 
1.17cm, respectively. As for hand dominance, 
100% of the participants in the sample pre-
sented the right hand as the dominant one. 
At the time of the collection, 10 individuals 
(76.9%) stated that they attended a school or 
college.

Carpal tunnel syndrome was confirmed in 
only two (15.4%) of the 13 patients.  Regard-
ing associated therapies, five patients (38.5%) 
received physiotherapy once a week for 50 
minutes and no patient reported receiving 
Occupational Therapy or practicing any struc-
tured physical activity.

In this sample, no patient reported stiff-
ness in elbow joints. However, in the remain-
ing joints of the upper limb, three patients 
(23.1%) reported stiffness in shoulder joints, 
two (15.4%) in wrists, and two (15.4%) in the 
metacarpophalangel joints (MCPs) and in the 
distal and proximal interphalangeal joints 
(DIPs and PIPs) of the hand.

The presence of pain in upper limbs was 
reported by 10 patients (76.9%). The location 
of pain, the number of subjects, and the Borg 
Mean are shown in Table 1.

When questioned about the use of medi-
cation for pain in upper limbs, seven patients 
(53.8%) reported using analgesics.

The analyses of range of motion of the 
shoulder and wrist joints (flexion and exten-
sion) are shown in Table 2 with their medians 
and amplitudes, respectively. The data ob-
tained from analyzing the means and ampli-
tude, respectively, of the left forearm were: 
pronation 59.85: 24-90, supination 34.77: 
6-52, and in the right elbow: pronation 57.38: 
30-90 and supination 35.69: 8-60.

The following data were obtained for the 
left elbow joint: flexion 68.62: 30-96, and for 
the right 73.46: 35-114, while in the left wrist 
joint, radial deviation was 18: 6-30, ulnar de-
viation was 13.69: 0-32, and in the right limb, 
radial deviation 16.92: 6-30 and ulnar devia-
tion 13.23: 4-30.  No relationship was found 
between the ranges of motion measured and 
the time receiving ERT.

In the evaluation in pounds made with 
the dynamometer, nine patients (69.21%) pre-
sented a degree of strength between 0 and 2 
for the right hand and eight patients (61.52%) 
presented a degree of strength between 0 and 
2 for the left hand. The other dynamometer 
values obtained and predicted are shown in 
Table 3.

The difficulties most present in the pa-
tients’ activities of daily living, according to 
the structured questionnaire analysis, are 

listed in Figure 1. Listing the least mentioned 
in ascending order: holding a tooth brush 1 
(7.7%), brushing teeth 2 (15.4%), applying the 
tooth paste to the brush 3 (23.1%), holding a 
glass and writing 4 (30.8%), cleaning oneself 
and opening any rounded handle or knob 5 
(38.5%). 

DISCUSSION

In the present study, one can see that 
the individuals are above average in height 
for those with a fast evolution of the disease, 
since the first signs of osteoarticular changes 
with MPS type VI are short stature (where the 
individuals reach a height of 95-100cm in a 
fast evolution of the disease and up to 140-
150cm in a slow evolution) and joint stiffness 
(especially in knees, hips, and elbows).4

Carpal tunnel syndrome has been report-
ed in the present study by only two patients 
who had their diagnosis confirmed by medi-
cal exam, as well as wrist stiffness, also found 
in only two patients. The articular function of 
these individuals is considered abnormal due 
to the thickening and fibrosis of the articular 
capsule, generating limitations in large joints 
as well as in the small joints of the fingers, 
which gives the hand the appearance of a 
claw.15  Carpal tunnel syndrome is a common 
occurrence in people with MPS type VI.15

The progressive pain present in the joints 
and the absence of joint mobility represent 
an important source of morbidity in those 
patients.7 The present study confirmed the 
strong presence of pain in the shoulder, elbow, 
and wrist joints, with the most painful joints 
reported being the MCPs, DIPs, and the PIPs. 
This runs contrary to the study by Aslam et al. 
on MPS type VI, in which most of the individ-
uals studied 7 (10) reported not feeling pain 
at any time.16

Of the changes in ROM, shoulder flexion6 is 
the one most impaired, having no correlation 
with age and being a clinical sign of a possi-
ble MPS type VI diagnosis.4 The present study 
observed that in shoulder flexion, individuals 
obtained the mean of what was predicted for 
the joint, however, the same patients present-
ed range limitations in all the joints, especial-
ly seen in elbow flexion, in which the means 
were below what was predicted.

In the study by Cardoso-Santos et al.,6 the 
analysis of range of motion showed greater 
impairment in decreasing order of severity for 
shoulder flexion, elbow flexion, elbow exten-
sion, and shoulder extension, which agreed 
with the current results.

Table 1. Pain characteristics in 13 patients with Mucopolysaccharidosis type VI registered at 
the Inborn Errors of Metabolism Treatment Center in Pernambuco, 2014

Variables N % Borg Mean

Shoulder joint pain 
Yes 3 23.1 

5.3

Elbow joint pain 
Yes 2 15.4 

6

Wrist joint pain 
Yes 2 15.4 

6

Pain in MCP, DIP, and PIP joints 
Yes 10 76.9 

5.2

N: Number of patients

Table 2. Characteristics in 13 patients with Mucopolysaccharidosis type VI registered at the 
Inborn Errors of Metabolism Treatment Center in Pernambuco, 2014

Range of Motion ª(º) (Med, amplitude)

Shoulder flexion L (0-180º) 90.38: 46-162

Shoulder flexion R (0-180º) 93.38: 30-152

Shoulder extension L (0-60º) 47.07: 30-60

Shoulder extension R (0-60º) 41.30: 16-60

Shoulder abduction L (0-180º) 86.15: 34-140

Shoulder abduction R (0-180º) 85.08: 38-140

Wrist flexion L (0-90º) 49.31: 16-90

Wrist flexion R (0-90º) 37.77: 16-60

Wrist extension L (0-90º) 18.46: 0-46

Wrist extension L (0-90º) 17.54: 0-48

L: Left limb; R: Right limb. Values expressed in Mean; (º): Degrees ª Values obtained from Palmer and Epler.
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an object and cleaning oneself were relevant, 
with means of 4 and 4.5, respectively, for in-
dividuals between 5 and 9 years old, and car-
rying a heavy object with a mean of 4.75 for 
those older than 10.

Physical exercise and rehabilitation prac-
tice are two components necessary for better 
quality of life and of the ADLs. This study in-
dicates the need for a rehabilitation program 
during the ERT, as well as the intervention of a 
physiotherapist along with an interdisciplinary 
team involved in the care of these patients.18 

Studies that deal with ranges of motion and 
grip strength in patients with Mucopolysac-
charidosis and Mucopolysaccharidosis type 
VI are scarce and use ERT as a treatment out-
come variable.6

CONCLUSION

This study hopes to serve as a form of 
monitoring the evolution the MPS type VI, 
encouraging the performance of Physiother-
apy in promoting a better quality of life and 
attenuating the clinical signs and symptoms 
of the disease.  May this study enable new 
studies and protocols for evaluation and mo-
tor rehabilitation in this population, providing 
information for the improvement of clinical 
care for these patients, drawing the attention 
of the scientific community to the importance 
of this issue.

REFERENCES
1.	 Dieter T, Matte U, Barbosa F, Schwartz I, Giugliani R. 

Introdução às mucopolissacaridosis. Porto Alegre: 
HCPA; 2002.

2.	 Lin SP, Shih SC, Chuang CK, Lee KS, Chen MR, Niu DM, et 
al. Characterization of pulmonary function impairments 
in patients with mucopolysaccharidoses- changes with 
age and treatment. Pediatr Pulmonol. 2014;49(3):277-
84. DOI: http://dx.doi.org/10.1002/ppul.22774

3.	 Giugliani R. Mucopolysacccharidoses: From 
understanding to treatment, a century of discoveries. 
Genet Mol Biol. 2012;35(4 (suppl)):924-31. DOI: http://
dx.doi.org/10.1590/S1415-47572012000600006

4.	 Mizuno CA, Figueiredo JB, Teza ITV, Taira LGN, 
Silva TA, Paixão DL, et al. Aspectos clínicos da 
mucopolissacaridose tipo VI. Rev Soc Bras Clín Méd. 
2010;8(4): 356-61.

5.	 Giugliani R, Federhen A, Rojas MV, Vieira T, Artigalás 
O, Pinto LL, et al. Mucopolysaccharidosis I, II, and 
VI: Brief review and guidelines for treatment. Genet 
Mol Biol. 2010;33(4):589-604. DOI: http://dx.doi.
org/10.1590/S1415-47572010005000093

6.	 Cardoso-Santos A, Azevedo AC, Fagondes S, Burin 
MG, Giugliani R, Schwartz IV. Mucopolysaccharidosis 
type VI (Maroteaux-Lamy syndrome): assessment 
of joint mobility and grip and pinch strength. J 
Pediatr (Rio J). 2008;84(2):130-5. DOI: http://dx.doi.
org/10.2223/JPED.1743

Table 3. Measurements of grip strength of 13 patients with MPS VI

Patient Age Strenght 
(lb) RH

Predicted 
Strenght (lb) 

RH

Strenght (lb) 
Interval RH

Strenght 
(lb) LH

Predicted 
Strenght 
(lb) LH

Strenght (lb) 
Interval LH

1 37 5 26,1 21-32 6 25,6 18-32

2 21 2 17,6 14-23 3 16,2 13-23

3 19 2 20,2 10-26 2 19 14-25

4 15 2 19,2 11-28 3 18,8 10-33

5 12 2 15,4 11-23 1 14,2 10-20

6 9 1 10,7 8-17 2 10,3 6-20

7 12 2 15,5 8-26 2 15,1 8-23

8 32 36 26,4 20-36 36 26,2 17-36

9 7 1 10 5-13 2 9,2 5-13

10 8 1 11,6 7-17 0 11,2 6-16

11 11 0 13,9 7-21 1 13,2 8-23

12 39 13 26,1 21-32 17 25,6 18-32

13 9 1 10,7 8-17 1 10,3 6-20

RH: Right Hand; LH: Left Hand

Figure 1. Main ADL difficulties listed by the 13 patients with MPS type VI 

For Aslam et al.16 the mean radial devia-
tion for active ROM was 6º and the mean ul-
nar deviation for active ROM was 30º, which 
reinforce the presence of hyper joint mobility 
in patients with MPS type VI, contrary to the 
present study, in which patients presented 
a general mean radial deviation for ROM of 
17.46º and a mean ulnar deviation for ROM 
of 13.46º, probably due to the joint stiffness 
presented by those patients.

For Muenzer,7 skeletal changes result in a 
serious loss of joint range of motion and re-
stricted mobility commonly involving of wrists 
and hands, leading to reduction in the wrist 
ROM, stiffness of PIP joints, and claw-like fin-
gers in individuals with MPS types I, II, and VII; 
all those functional losses occur due to the ac-
cumulation of GAGs.17 The same could be ob-
served in the present study in which the wrist 
ROM was the most impaired when compared 
to the means of the other joints evaluated. 

The ROM evaluations helped in the identifi-
cation of difficulties in mobility, however, this 
technique alone cannot measure one’s perfor-
mance in the ADLs.17

For Cardoso-Santos et al.6 the fact that grip 
strength had been 0 in 23 out of 26 patients 
reflected the great impairment to the flexion 
of fingers associated with MPS type VI. In the 
present study, such clinical data can only ag-
gregate, since 12 out of 13 patients presented 
a mean grip strength much lower than that 
predicted, it is important to highlight that the 
clinical signs observed in the study when act-
ing together lead to difficulty in performing 
the ADLs.

The limitation in the performance of the 
ADLs is clear in the study, since the 13 par-
ticipants listed on average 6.5 activities per-
formed with difficulty, out of the 16 proposed 
in the questionnaire. In the study by Aslam et 
al.,16 among the activities listed, only carrying 
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