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A 15-year-old boy was diagnosed with Wilson disease and referred to a physiotherapy clinic 
for treatment. He received daily physical therapy exercises with resistance training three times 
a week for 70 minutes for 8 weeks. The performance of daily activities was evaluated using 
the Persian version of the disabilities of the arm, shoulder, and hand (DASH) questionnaire. 
Upper limb muscle strength was assessed using a manual muscle strength test. The DASH 
questionnaire score decreased from 67.24 before treatment to 46.55 after 4 weeks and 36.20 
after 8 weeks. In addition, shoulder flexion and extension are improved. The analysis of 
resistance exercises to facilitate distal muscles through the use of manual muscle tests showed 
an improvement in the strength of both hands. The present study suggests that regular physical 
therapy and exercise may help improve daily activity and muscle strength in Wilson disease.
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1. Introduction

ilson’s disease is a rare and autosomal 
recessive pathology, in which copper 
accumulates abnormally in the body, 
mainly affecting organs such as the 
liver, brain, and eyes [1, 2]. The prev-

alence of Wilson disease is approximately 1 in 30000, 
with men and women being affected equally [3]. Multi-
organic damage leads to rapid deterioration of body 
functions and major psychological and neurological ef-
fects [4]. Wilson disease occurs when both parents pass 
on the abnormal gene responsible for the disease. When 
a single gene is involved, the patient is only a carrier and 
shows no symptoms [4, 5]. The disease is responsible for 
the ATP7B gene on chromosome 13. Mutations in this 
gene inhibit the proper functioning of ATPaza2 and are 
manifested by abnormal copper metabolism, and its clin-
ical consequences range from asymptomatic to severe 
hepatic failure and chronic liver disease with or without 
cirrhosis [4, 5]. It is necessary to distinguish between this 
disease and diseases such as viral cirrhosis, sindenha or 
hangtington chorea, Gilles de Tourette, Neuroacanthosis, 
biliary cholangitis, heavy metal poisoning, and cerebral 
palsy, which can be a source of misdiagnosis [6]. 

In the diagnosis of this disease, blood and urine tests 
show low levels of ceruloplasmin (plasma protein that 
carries copper to the blood) and high levels of urinary 
copper, increased transaminases, coagulation disorders, 
and hypoglycemia [6]. In many Wilson patients, there 
are Kayser-Fleischer rings on the iris that are detected by 
an ophthalmologist or seen as a circular brown spot in 
the large iris area [4].

Screening in the first and the second relatives is manda-
tory for diagnosis. The disease is potentially treatable and 
treatment should begin after diagnosis. Treatment strate-
gies include chelators such as D-penicillamine and Trien-
tine [2], while zinc salts act as metallothinoin inducers and 
contribute to the negative balance of copper, reducing free 
copper in plasma, and improving symptoms. Different 
types of symptoms have been reported that vary depend-
ing on gender, genital involvement (menstrual disorders, 
amenorrhea), kidney stones, nephron damage, osteoarthri-
tis, osteoporosis, and osteophytosis [7].

Liver damage begins around the age of six and pro-
gresses, so the first case appears in middle or true ado-
lescence, around the age of 20 [4]. A neurological disor-
der is another cause of Wilson disease, seen as the first 
manifestation of disease or liver damage [8]. Accumula-
tion of copper in brain tissue shows symptoms such as 

tremors, involuntary movements, dysarthria, dysphagia, 
speech disorders (tone of voice, speech or dysgraphia), 
balance, coordination, sleep and memory disorders, 
muscle spasm, and dystonia [4]. However, some cases 
have been diagnosed with severe nervousness such as 
tremors, dystonia, parkinsonism, and muscle cramps [2].

As a rare disease, few experiments have been per-
formed in this area, especially on treatment strategies 
that the patient follows better and can ultimately be 
harmed. Therefore, it is associated with etiopathoge-
netic treatment [2]. For Wilson disease with limb neu-
rological involvement, rehabilitation treatment is im-
portant to improve the life and function of the limbs 
and muscle strength.

Physiotherapy is a method that uses various forms of 
motor activity to improve function and maintain func-
tion or use it. This study aimed to treat the functional as-
pects of Wilson disease with methods that include daily 
physiotherapy and enhanced exercise therapy. In par-
ticular, we can analyze how 8 weeks of exercise therapy 
combined with drug therapy can improve mobility.

We reviewed physiotherapy and daily resistance train-
ing for upper limb function and muscle strength in a Wil-
son patient. Through this study, we plan to perform an ex-
periment on a 15-year-old teenager with Wilson disease.

2. Materials and Methods

Case presentation

A 15-year-old male patient was diagnosed with neuro-
logical symptoms of Wilson disease (WD). In this case, 
he has no family history. In October 2020, the patient 
was treated for dysphagia and presentation of Brady 
Keynesian stiffness and gait disorders. Ten months ago, 
on 26 October 2020, magnetic resonance imaging (MRI) 
scans of the basal ganglia along with the Kaiser-Fleisch-
er ring showed that the patient had been diagnosed with 
WD and had begun medical treatment.

Medications included trientine, Vitamins E and B, zinc 
plus, and D-penicillamine. General dystonia was seen 
with the expansion of the lower limbs, which was walk-
ing and, according to the patient, caused it to recur. The 
patient’s medical team had difficulty initiating rehabili-
tation. The patient was treated under the strict supervi-
sion of a neurologist. Medications did not change from 
the time of diagnosis until the start of physiotherapy.
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The patient was alert and directional, well supported 
by the family, and showed excellent knowledge of the 
illness and motivation to participate in rehabilitation. 
The movement starts from the distal and first the lower 
limb relative to the upper limb, then gradually engages 
the upper limb.

Whether the patient was prepared in the physiotherapy 
clinic, in the first stage, he showed independent walking 
without the help or assistance of others. At the time, up-
per limb involvement was more pronounced, with the 
patient unable to grasp and lift objects. The patient was 
right-handed and the left hand was weaker. The patient’s 
upper limb function was assessed using the Persian ver-
sion of the DASH limb function disability questionnaire. 
The validity of the DASH questionnaire for various 
questions was reported between 0.70-0.80 and 96% [9].

The muscle function was assessed using the manual 
muscle test (MMT). This method of testing muscle 
strength is reliable in different types of populations 
[10]. MMT was used according to the 8-point ordinal 
scale ranging from zero to five [11]. For example, the 
score -2 was converted to 1.5 and 3+ to 3.5. The left 
upper limb showed significant weakness, whereas the 
distal muscle groups were more damaged than the prox-
imal muscles and the MMT was grade 2 or higher for 
the distal muscles.

The MMT to evaluate the strength of flexion, adduc-
tion, and abduction of the shoulder, extension, flexion 
of the elbow, extension, pronation, and supination of 
the wrist was performed [12]. 

After a thorough examination of the shoulder move-
ment on all plates, the patient was placed in a short 
sitting position with his arm on either side, his elbow 
slightly bent, and his forearm pronated. To assess the 
strength of the shoulder flexors, the therapist stood next 
to the patient, placed his hand on the distal humours just 
above the elbow to exert force, and stabilized the shoul-
der with the other hand. The patient bends the shoulder 
up to 90° without rotation or horizontal movement.

For the assessment of shoulder abductor strength, the 
therapist stood behind the patient. The resistance of 
the hand was placed on the arm just above the elbow. 
The patient was asked to raise his arm from the sides to 
shoulder level and abduct his hand up to 90°.

For evaluation of the shoulder adductor strength, the pa-
tient rest in the supine position, and the elbow and shoul-
der were flexed at 90°. 

For elbow flexors strength testing, the patient sat in a 
supine position with the arms on either side of the fore-
arm in a supination position. The therapist’s hand was 
placed on the forearm flexion surface near the wrist to 
resist. The other hand applied reciprocal force by placing 
the palm on the upper anterior surface of the shoulder.

To evaluate the elbow extensor strength, the patient 
was placed in a prone position, the arm was bent at a 90° 
abduction and forearm position, and hung vertically on 
the table. The therapist supported the top of the elbow 
and used the other hand to apply downward resistance to 
the dorsal surface of the forearm. The patient was asked 
to extend the elbow to the end of the range or as long as 
the forearm was lying horizontally on the ground.

To find out the wrist flexors strength, the patient sits 
in a short position with his forearm on the table and the 
forearm supinated. The wrist is in a neutral or slightly 
stretched position. The therapist supported the patient 
under the wrist with one hand and applied resistance to 
the palm of the other hand with the other hand. 

To test the wrist extensor strength, the patient was 
placed in a short sitting position with the elbow bent, and 
the forearm completely pronated, and he was placed on 
the table. The wrist was in a neutral or slightly stretched 
position. The therapist supported the patient’s forearm, 
the hand used for resistance resting on the dorsal surface 
of the metacarpals. The patient was asked to raise the 
wrist not allowing the therapist to push it down. 

To assess forearm supinator strength, the patient sat 
down in the short sitting position, the arm was at the 
side and elbow up to 90°, and the forearm was placed 
in pronation. A therapist’s hand applied resistance to the 
palmar surface of the wrist. The patient was asked to 
turn his palm up and hold it.

For assessment of the forearm pronation strength, the 
patient was placed in the short sitting position, and the 
elbow bent up to 90° in the supine position. A therapist’s 
hand was placed on the dorsal surface of the wrist to 
provide resistance. The patient was asked to lower and 
hold the palm of his hand not allowing the therapist to 
rotate it [13].

A total score was calculated (24) for Lt and (27) for Rt 
as well as sub-scores for the muscle groups of the shoul-
der (8.5) for Lt and (9.5) for Rt, elbow (6) for Lt and (7) 
for Rt and wrist (9.5) for Lt and (10.5) for Rt.
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Because the proximal muscles strongly affect the distal 
muscles, muscle activity of the proximal parts is required 
to activate the distal parts [14].

Nakhai et al. (2014) stated that activation of the mus-
cles of the proximal parts is required for distal activities 
and the proximal muscle can be a stable and controlled 
base for distal activity. Natural development is believed 
to progress from proximal control to distal control. Since 
distal muscle weakness can be a major problem for the 
patient, it should be strengthened to increase perfor-
mance and quality of daily activities [15].

The proximal muscles of the upper limb are located on the 
triceps, biceps, deltoid, pectoral, and axilla. Proximal muscle 
strengthening exercises were performed for the upper limbs, 
which included exercises with assistance, then active exercises, 
and then gradual resistance. He underwent 70 minutes of phys-
iotherapy including 15 minutes of stretching, 40 minutes of 
resistance training, and then 15 stretchings and breathing three 
times a week for 8 weeks. The stretching program was applied 
during the warm-up for 5 minutes, which was preceded by jog-

ging/aerobics for 3 minutes, arms stretch, back and leg stretch, 
full back dull, heel holding exercise, ankle holding stretch, arm 
leg and torso stretch, and foot touch exercises performed in the 
physical therapy clinic as much as possible without pain. Four-
teen close muscle strengthening exercises including open chain 
movement (OKC) and closed chain movement (CKC), were 
performed to further strengthen muscle strength and proximal 
stability, i.e. the stability of the body’s proximal joints, such as 
the shoulder joint. Prescribed exercises began with low repeti-
tions (usually 5 to 10 repetitions) and short vigorous muscle 
sessions. The treatment that included exercises with assistance 
followed by active exercises and then progressively with re-
sistance (manual, Thera-band, and weight) was applied as an 
analytical exercise on the muscles near the upper extremity for 
optimal effect on movement disorders (Table 1).

Exercise intensity was carefully monitored and physiothera-
py was stopped before the patient reported the disease.

Resistance training continued 3 times a week for 8 
weeks. Main exercises included exercises with assis-
tance followed by active exercises and then progressive-

Table 1. Physiotherapy program

Warm Up 
15 Min

Stretching

Beginning To 4 Weeks To 8 Weeks

M
ai

n 
ex

er
cis

es
 4

0 
m

in

Lowering

3 
se

t w
ith

 1
0 

re
pe

tit
io

n 

Active Active with manual resistance Thera-band R

Pulling Active Thera-band R Thera-band G

Shoulder press Active 1 kg dumbbell 2 kg dumbbell

Shoulder shrug Active 1 kg dumbbell 2 kg dumbbell

Wall slide Active Thera-band R Thera-band G

Scapular upward rotation Active Thera-band R Thera-band G

Diagonal 1 flexion Active assistive Active Thera-band R

Diagonal 2 flexion Active assistive Active Active with manual resistance

Diagonal 1 extension Active Active with manual resistance Thera-band R

Diagonal 2 extension Active Active with manual resistance Thera-band R

Shoulder abduction Active assistive Active Thera-band R

Shoulder Adduction Active Active with Thera-band R Thera-band R

Shoulder flexion Active assistive Active Thera-band R

Raise arm in the prone 
position Active Thera-band R Thera-band R

Cool down 
 for 15 min Stretching and breathing 
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ly with resistance by manual, weight, red thera-band (R), 
and green thera-band (G).

3. Results

The DASH questionnaire score decreased from 67.24 
before treatment to 46.55 after 4 weeks and 36.20 af-
ter 8 weeks. In addition, shoulder flexion and extension 
were improved in the analysis of proximal strengthen-
ing exercises on the facilitation of distal muscles. The 
use of muscles showed a significant improvement in the 
strength of both hands (Table 2).

After 8 weeks total score was increased from 24 to 31 
for Lt and from 27 to 32.5 for Rt. Also, the strength of 

subgroups for the muscle groups of the shoulder changed 
from 8.5 to 10.5 for Lt and from 9.5 to 11 for Rt, elbow 
from 6 to 7.5 for Lt and from 7 to 8 for Rt and wrist from 
9.5 to 13 for Lt and from 10.5 to 13.5 for Rt (Table 2). 

4. Discussion

Resistance training has a positive effect on movement 
disorders and improves tissue blood flow, which in turn 
provides better oxygen and metabolic needs. During 
the sessions, it was necessary to determine the patient’s 
functional potential. Depending on the patient’s clini-
cal condition and function, there should be a favourable 
load. If you can be light (stimulation below the thresh-
old), there is not enough to perform the physiological 

Table 2. The disabilities of the arm, shoulder, and hand questionnaire score 

Scores In Beginning After 4 Weeks of Exercises After 8 Weeks of Exercises

DA
SH

 sc
or

e

Doing daily activity 19 points for improvement in the 
performance of a daily activity

9 points for improvement in the 
performance of a daily activity

The severity of joint pain, 
 weakness, tingling, and 
 stiffness during sleep 

 and activity

2-degree reduction in 
 pain and weakness

2-degree reduction in 
 tingling and weakness

The effect of upper 
 extremity problems on 
 the limitation of social 

 activities and work

One degree reduction in limitation No change 

Feeling less capable, 
 less self-confident, 
 and not useful due 

 to upper limb problems

Has changed from agree  
to neither agree nor disagree

Has changed from neither agree 
nor disagree to disagree

Total score 67.24 46.55 36.20

M
M

T 
sc

or
e

Muscle groups Right Left Right Left Right Left

Shoulder flexion 3 2.5 3.5 3 4 4

Shoulder abduction 3 2.5 3.5 3 4 3.5

Shoulder adduction 3.5 3.5 3.5 3.5 3.5 3.5

Elbow flexion 3.5 3 3.5 3 3.5 3

Elbow extension 3.5 3 3.5 3.5 4 4

Wrist flexion 3 2.5 3.5 3 4 3.5

Wrist extension 2 2 3 3 3.5 3.5

Wrist pronation 3 2.5 3 3 3 3

Wrist supination 2.5 2.5 3 3 3 3

DASH: Disabilities of the arm, shoulder, and hand; MMT: Manual muscle test. 
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and therapeutic effect and vice versa. If you overdo it, 
there will be unwanted communication and nervous ten-
sion or quick side reactions in the body [14].

Regular use of physiotherapy requires the creation of a 
specific program that includes goals, tasks, and tools. Phys-
iotherapy strength training should be done as usual using 
the desired effect to change the body’s functional and mo-
tor response. You have to follow the solution according to 
the stage of the disease. The duration of physiotherapy also 
requires the type and severity of the disease. In addition, 
physiotherapy is an important part of optimally improving 
neurological symptoms in the Wilson disease. The goal of 
physiotherapy is to improve the disability and quality of 
life of people in need of the disease. Some previous studies 
have examined physiotherapy and motor function improve-
ment in the case of Wilson syndrome.

The use of physiotherapy techniques is needed as soon 
as possible in the clinical stage. Our goal was to restore 
our functional status and management by normalizing 
the non-replacement of muscle and muscle tone and the 
stimulation of deep and external receptors to improve the 
senses and improve the natural mechanisms of the situa-
tion. It was enough for the patient to act confidently and 
independently in activities outside the home, and at the 
same time, intermittent follow-up was required.

The results showed that by default, after training, im-
provements were made and we can prepare our exercise 
method according to the stage of the disease. Because 
physiotherapy is used, the patient experiences the func-
tion of weak limbs. It was associated with the gradual 
strengthening of muscles and the improvement of daily 
functioning. 
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