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Abstract
Objectives: Carpal tunnel syndrome (CTS) is common among office workers and limits functional hand ability and the ability to work. Carpal 
tunnel syndrome prevention programs implementation are still insufficient among office workers. In view of the fact that physical activity is the best 
method of preventing musculoskeletal complaints the aim of the study was to evaluate the effectiveness of prevention exercises protocol for hand 
and wrist pain among office workers. Material and Methods: Study group consists form 62 office workers, reporting complaints of hand and wrist 
pain. Exercise group it was 49 subjects who performed the exercise protocol and the non-exercise group consisted of 13 subjects. An exercises pro-
gram, consisting of 7 exercises. The program was planned for daily routine during 8 weeks. The effectiveness of the exercise program was assessed 
by physical parameters (hand grip and pinch grip strength, force of forearm muscles) and questionnaires (Visual Analog Scale pain scale, Carpal 
Tunnel Syndrome Symptom Severity Scale, and Carpal Tunnel Syndrome Functional Status Scale functional hand assessment questionnaires) were 
performed. Assessment was performed before and after the  intervention. Results: Statistical analysis of the data showed significant changes in 
the value of measured hand grip of the right hand (Z = –2.85, p < 0.01). For pinch grip, changes were significant for both the right (Z = –2.12, 
p < 0.05) and the left hands (Z = –2.35, p < 0.05). Functional performance improved significantly in bought groups. There was no statistically signifi-
cant change in the intensity of experienced pain. Conclusions: The results of the study indicate that performing a preventive exercise program regu-
larly has an effect on increasing forearm muscle strength in a group of office workers. Office workers with symptoms of CTS who exercised regularly 
had higher results in hand grip and pincer grip strength. Exercises do not affect the level of pain complaints, which may indicate a more complex 
etiology of pain perception in this study group. Int J Occup Med Environ Health. 2024;37(1):45–57
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INTRODUCTION
Carpal tunnel syndrome (CTS) is the  most common 
upper limb compression neuropathy nowadays  [1–3]. 
Thiese et al. [4] report that the prevalence of carpal tunnel 
ranges 6.3–11.7%, and its occurrence is already consid-
ered an epidemic. According to Pourmemari et al. [5] its 

incidence ranges 2.2–5.4% per 1000 people.  Researchers 
on the topic of CTS also agree that the highest incidence 
of the condition is observed among occupational groups 
performing repetitive hands flexion and extension move-
ments  [6,7]. Among people who perform repetitive 
manual work, especially during activities that require 
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performed the exercise protocol min. 3 times/week, and 
non-exercise group consisted of 13 subjects who per-
formed hand exercises <3 times/week. The respondents 
performed all their work duties normally during these 
8  weeks, and there were no changes in the  timing or 
number of duties at work. The exercise program was com-
pleted by 62 subjects (3 subjects dropped out). Table  1 
presents the biometric data of the study population.
The following inclusion criteria were used in the  study: 
office work, the  presence of CTS in the  early stage of 
the disease diagnosed by a physician on the basis of pre-
senting symptoms (positive at least 1 of the  4 provoca-
tive tests performed: Tinel’s test, Phalen’s test, reverse 
Phalen’s test, Durkan’s test), duration of symptoms (pain, 
numbness and tingling of the fingers of the hand, weak-
ness of grip strength) persisting for >3 months, no con-
traindications to physical exercise. Exclusion criteria 
included: the presence of other pathological conditions in 
the wrists, a history of fractures of the forearm or hand, 
a history of an accident in the last 6 months, a diagnosis 
of malignant neoplasm ever in life, a diagnosis of autoim-
mune or other systemic disease ever in life, a diagnosis 
of other diseases causing symptoms characteristic of CTS 
(differential diagnosis).
Developed based on the  available literature and 
the  researchers’ clinical experience, the  set of exercises 
consisted of 7 exercises. Table  2 show detailed descrip-

repeated flexion and extension of the hands, the incidence 
of CTS increases up to 10% [8]. Office workers are one of 
the occupational groups at risk of wrist/hand symptoms 
especially if they are women [9] and if they are >30 years 
of age  [10], although according to the Polish certifica-
tion CTS is not defined as an occupational disease among 
office workers (using computers).
Carpal tunnel syndrome occurs as a  result of an increase 
in pressure in the  carpal canal, which occurs through 
the interaction of internal and external mechanical factors 
leading to a decrease in the volume of the carpal canal or an 
increase in the volume of the elements within it. Compres-
sion of the nerve causes paresthesia’s of the palmar-radial 
part of the  hand, pain in the  area of the  wrist joint and 
hand, and sometimes in the forearm or shoulder. As a con-
sequence, sensory loss may occur in the first 3 fingers on 
the  palmar side or weakness and atrophy of the  muscles 
involved in thumb inversion and oppositions  [7]. Among 
the various forms of therapeutic improvement for patients 
with mild to moderate CTS, physiotherapy is the most com-
monly used method. Among the treatments used are ultra-
sound, electrotherapy, laser therapy and magnetotherapy, as 
well as kinesitherapy, which involves treatment with move-
ment [11]. According to Wilk [12], the most effective exer-
cises are those aimed at stretching and neuromobilization 
of the median nerve. Few reports are available on the effec-
tiveness of conducting therapy using exercise alone. Most of 
the  interventions presented in the publications are aimed 
at people diagnosed with CTS and not prevention of people 
who are at risk and experiencing the first symptoms that 
may indicate the appearance of neuropathy in the future.
The purpose of this study was to evaluate the  effective-
ness of prevention exercises protocol for hand and wrist 
pain among office workers.

MATERIAL AND METHODS
The study enrolled 65 subjects, all of whom were office 
workers. The exercise group consisted of 49 subjects who 

Table 1. Biometric data of office workers reporting complaints of hand  
and wrist pain, tested at the Biomechanics Laboratory of Central Institute  
for Labor Protection – National Research Institute, Warsaw, Poland, 2021

Variable

Participants
(N = 62)

p
exercise group

(N = 49)

non-exercise 
group

(N = 13)

Age [years] (M±SD) 47.25±9.55 46.07±8.19 0.686

Body mass [kg] (M±SD) 74.34±14.87 67.27±15.93 0.138

Body high [cm] (M±SD) 169.02±7.80 168.67±6.29 0.882
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(JBA Zb. Staniak, Warsaw, Poland). Both measurements 
were performed in a standing position with the subject’s 
arm held close to the body, the  forearm was positioned 
parallel to the  ground (angle at the  elbow joint 90°), 
the  radial-carpal joint in a neutral position (Figure 1a). 
When measuring pincer grip strength, the  subject 
pressed the sensor, located on the joint between the distal 
and middle phalanges, of the index finger with the thumb 
(Figure 1b). Force measurements were always started 
with the healthy hand (without complaints), and the test 
subject generated the maximum force, twice with a pause 
of a  few seconds between measurements, then the  pro-
cedure was repeated for the other limb. The pincer grip 
force was then measured. The  test subject was asked to 
hold the tension for about 3 s.
Measurements of maximum force moments in the distal 
joints of the  upper extremities were carried out using 
the Biodex Multi-Joint System (Biodex Medical Systems, 
Inc., Shirley, NY, USA). The force tests were performed in 
the sitting position, the backrest angle was 85° to the seat. 
The torso was stabilized with 2-point belts running from 

tions of the exercises. Participants took part in detailed, 
individual instruction in the  exercises by a  specialist 
(a physiotherapist) before beginning to perform the exer-
cise program on their own, and were given a  specially 
prepared script describing how to perform each exer-
cise. The  exercises were performed independently by 
the  subjects. If the  participant was unable to perform 
the  recommended exercise, an individual modification 
was proposed, with the  same effect and no difficulty in 
performance. They were advised to perform the exercis-
es regularly, a minimum of 3 times a week. Participants 
were provided with contact with the researcher (physio-
therapist) throughout the  project, and were able to ask 
questions and voice their concerns.
Evaluation of effectiveness the  exercises protocol based 
on objective measurements and results of survey ques-
tionnaires, performed before and after the  program. 
Measurement of hand grip strength and pincer grip 
strength (separately for the  right and left sides), under 
static conditions, was carried out using the  DR3 hand 
dynamometer and the  DMP2 phalangeal dynamometer 

a) b)

Photos: Patrycja Łach.

Figure 1. Measurement position of a) hand grip strength, b) pincer grip strength, the Biomechanics Laboratory of Central Institute for Labor Protection – 
National Research Institute, Warsaw, Poland, 2021
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Tunnel Syndrome Functional Status Scale (CTS FSS), 
Visual Analog Scale (VAS) pain level. The  CTS SSS and 
CTS FSS questionnaires by Levine  [13] were translated 
and adapted among Polish patients with CTS. In  both 
questionnaires there are a total of 19 questions assessing 
the level of pain during activities of daily living, in which 
answers are rated on a scale of 1 (“no pain”) to 5 (“unbear-
able pain”). The questionnaires were completed 3 times 
(before, during and after the program).

Ethics
The Ethics Committee for Scientific Research Involving 
Human Subjects at the Institute of Human Nutrition Scienc-
es at the Warsaw University of Life Sciences , Warsaw, Poland 
has approved the study (No. 34/2021, August 23, 2021).

Statistics
Statistical analysis of the  collected data was conducted 
with the  SPSS program. The  normality of the  distri-

the shoulder joint, to the opposite hip plate, and a pelvic 
belt to stabilize the upper body and avoid additional torso 
movements. Torque values were measured during fore-
arm rotation and inversion (Figure 2a) and during arm 
flexion and extension (Figure 2b). The subject performed 
isometric tension 3 times, performing the  reversal and 
inversion of the forearm and the extension and flexion of 
the arm as showed Figure 3.
Validated survey questionnaires were also used to evalu-
ate the  effectiveness of the  exercise set: Carpal Tunnel 
Syndrome Symptom Severity Scale (CTS SSS), Carpal 

a) b)

Photos: Patrycja Łach.

Figure 2. Measuring position during the measurement of muscular moments of a) supination and pronation of the forearm, and b) flexion and extension 
of the hand, the Biomechanics Laboratory of Central Institute for Labor Protection – National Research Institute, Warsaw, Poland, 2021

Supination Pronation

Time [s]
5 5

Figure 3. Schematic of the measurement procedure during the test of  
the strength of the muscles of the supination and pronation of the forearm 
on the Biodex Multi-Joint System, the Biomechanics Laboratory of Central 
Institute for Labor Protection – National Research Institute, Warsaw, 2021
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butions of the  analyzed variables was checked using 
the Kolmogorov-Smirnov test. If the normality of the dis-
tribution was confirmed, statistical analysis of the  vari-
ables was carried out using parametric tests, otherwise 
non-parametric tests were used. Non-parametric test for 
dependent variables, Wilcoxon test for pairs of obser-
vations and parametric test, Student’s t-test were used. 
When comparing 3 dependent variables, the  nonpara-
metric Friedmann test or parametric test, ANOVA analy-
sis of variance was performed. Statistical significance was 
set at p < 0.05.

RESULTS
Statistical analysis showed, significant differences in 
the  value of measured grip strength of the  right hand 
before and after the  intervention in the  experimental 
group. The mean value of force increased from 324.63 N 
to 338.75 N. For the left hand, the changes were not sta-
tistically significant. For pincer grip strength, the changes 
were significant for both the right hand and the left hand. 
There were no statistically significant differences in hand 
grip strength and pincer grip strength in the  non-exer-
cise group. Table  3 compares the  initial and final mea-
surements in the 2 study groups. There were no statisti-
cally significant difference in the value of measured grips 
strength before and after the intervention between both 
experimental groups (Table 4).
In the experimental group, the values of maximum muscle 
force moments showed statistically significant differences 
during right and left forearm pronation and right and left 
hand straightening and flexion. In the non-exercise group, 
the values of maximum moments of forces in the forearm 
and radial-carpal joints on the right and left sides showed 
no statistically significant differences. Table  5 presents 
the  detailed results of the  performed measurements of 
the maximum moments of muscle forces.
The average pain score marked on the  VAS, decreased 
from 53 pts to 39 pts, the change was not statistically sig- Ta
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To evaluate the  effectiveness of the  exercise program, 
tools commonly used in the  diagnosis of median nerve 
compression neuropathy were used [14]. An analysis of 
pain levels was included, using subjective assessment 
on VAS [15]. Respondents assessed the level of pain they 
experienced in the 7 days preceding the survey. In addi-
tion, the  Boston Carpal Tunnel Questionnaire was com-
pleted as a basis for assessing functional capacity, when 
evaluating changes due to therapy or progression of ail-
ments [16]. Functional assessment using the above ques-
tionnaire, was performed 3 times before, during and 
after the 2-month exercise program. Hand grip strength 
and pincer grip strength measurements were used as an 
objective tool  [17]. In  addition, measurements of the 
maximum force moments in the  upper limb joints and 
the  range of motion of the  hand joints were carried 
out using the  Biodex Multi-Joint System. Muscle force 
moments were measured under isometric conditions. 

nificant. The results of pain levels in both study groups 
over the past 7 days are shown in Table 6.
Subjects in the experimental group rated the functional 
status of their hand better than those in the non-exercise 
group, a  statistically significant difference. In  contrast, 
lower symptom severity in the  second and third mea-
surements than before the exercise program was declared 
by subjects in both groups, with the change being higher 
in the  experimental group. Table  7 shows the  results of 
measurements of the  functional status of the  hand and 
the severity of symptoms in both study groups.

DISCUSSION
Results of the  study confirmed that developed program 
of exercises is effective in prevention for hand and wrist 
pain among office workers with symptoms of CTS. 
Improvements were shown in both muscle strength and 
grip tests, as well as in the  subjects’ functional status. 

Table 4. Hand grip strength and pincer grip strength before and after intervention in the study groups of office workers reporting complaints of hand and wrist 
pain, divided into right and left sides, the Biomechanics Laboratory of Central Institute for Labor Protection – National Research Institute, Warsaw, Poland 2021

Parameter
Measurement

Z p
before the exercises after the exercises

Grip strength [N] (M±SD)

right hand

exercises group 324.63±111.48 338.75±100.86 –2.85 0.004*

non-exercises group 370.95±102.98 367.75±103.51 –0.18 0.861

left hand

exercises group 303.04±96.94 311.85±94.05 –1.47 0.142

non-exercises group 338.94±106.63 342.65±125.87 –0.25 0.807

Pincer grip strength [N] (M±SD)

right hand

exercises group 76.47±22.89 80.59±26.62 –2.12 0.034*

non-exercises group 81.96±19.99 82.62±22.93 –0.38 0.701

left hand

exercises group 71.86±22.89 76.60±23.20 –2.38 0.017*

non-exercises group 77.04±16.38 76.68±23.40 –0.31 0.753

* p < 0.05.
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and the  sensation of the  first 3 fingers, which is what 
makes it possible to perform a  proper hand grip and 
pincer grasp with the fingers [18–21].
All of the  subjects had office jobs, in which they per-
form manual activities in a sitting position. Occupational 

The study reports that grip strength decreases in patients 
diagnosed with CTS compared to those without neuro-

pathy. The median nerve innervates the flexor muscles of 
the fingers and wrist, passing through the carpal tunnel. 
It is responsible for the motor innervation of the muscles 

Table 5. Maximum moments of muscle forces in the distal joints of the upper limbs among the office workers reporting complaints of hand and wrist pain, 
tested at the Biomechanics Laboratory of Central Institute for Labor Protection – National Research Institute, Warsaw, Poland, 2021

Parameter
Measurement

Z p
before the exercises after the exercises

Supination [Nm] (M±SD)

right forearm

exercises group 3.78±2.32 4.03±2.56 –1.23 0.220

non-exercises group 4.18±2.27 4.60±2.36 –0.52 0.600

left forearm

exercises group 3.06±2.13 3.33±2.41 –0.98 0.327

non-exercises group 3.34±2.43 3.06±2.85 –0.67 0.505

Pronation [Nm] (M±SD)

right forearm

exercises group 5.26±2.37 6.13±2.70 –3.48 0.001*

non-exercises group 6.11±2.65 6.38±2.28 –1.01 0.311

left forearm

exercises group 5.11±2.18 6.26±2.57 –4.42 0.001*

non-exercises group 5.61±1.79 5.97±2.01 –0.94 0.345

Extension [Nm] (M±SD)

right hand

exercises group 6.09±2.90 7.09±2.94 –3.14 0.002*

non-exercises group 8.02±3.69 8.03±2.59 –0.59 0.552

left hand

exercises group 5.86±2.65 6.49±2.59 –2.31 0.021*

non-exercises group 6.99±3.17 7.02±3.33 0.00 1.00

Flexion [Nm] (M±SD)

right hand

exercises group 10.84±4.44 12.92±4.92 –4.07 0.001*

non-exercises group 13.60±4.97 13.40±4.97 –0.35 0.727

left hand

exercises group 11.04±4.77 12.83±5.05 –3.93 0.001*

non-exercises group 14.95±5.99 13.71±6.06 –1.64 0.101

* p < 0.05.
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in terms of improving muscle strength and improv-
ing the  functional ability of the  hands, despite the  lack 
of significant differences in pain levels. This indicates 
that physical activity should be one of the  main meth-
ods of counteracting pain associated with office work. 
On the other hand, physical exercise alone for advanced 
conditions and worsening complaints in diagnosed carpal 
tunnel may not be sufficient.
The topic of prevention of hand and wrist pain is often 
addressed due to the fact that CTS is the most common 
compression neuropathy of the upper limb [1,5]. Meta-
analyses of the effectiveness of using different therapeu-
tic strategies are inconclusive. Most studies tend to con-
clude that the most promising results are obtained when 
interventions are mixed and implemented at different 
levels  [25,26]. A  multifactorial intervention including 

risk factors influence the occurrence of upper extremity 
complaints, according to the study. Problems with com-
pression neuropathy are more common in occupational 
groups exposed to repetitive flexion and extension move-
ments of the hand [6,18], which occurs with inadequate, 
or prolonged use of computer equipment. In  the  study 
group, 79% of people spend >6  h at work in a  sitting 
position. When using a  keyboard and mouse, as  many 
as 48.4% of respondents keep their hands in a  position 
where the hands are below or above the forearms, result-
ing in excessive palmar or dorsal flexion. Prolonged 
mouse handling may be a  factor in increasing the  risk 
of upper extremity musculoskeletal disorders  [9,22,23]. 
Studies show that physical activity has a preventive effect 
and reduces the risk of musculoskeletal complaints [24]. 
Studies show that regular exercise has a measurable effect 

Table 6. The level of pain experienced in the last 7 days by the office workers reporting complaints of hand and wrist pain,  
tested at the Biomechanics Laboratory of Central Institute for Labor Protection – National Research Institute, Warsaw, Poland, 2021

Study group

Pain level
(M±SD)

t p
measurement

before the exercises
measurement

after the exercises

Exercises group (N = 49) 49.36±19.73 48.48±17.33 0.22 0.830

Non-exercises group (N = 13) 53.00±8.87 38.75±25.62 1.70 0.188

Table 7. Results of functional status assessment of the hand and severity of carpal tunnel syndrome (CTS) complaints among the office workers reporting complaints 
of hand and wrist pain, tested at the Biomechanics Laboratory of Central Institute for Labor Protection – National Research Institute, Warsaw, Poland, 2021

Variable
Measurement

χ2 p
first second third

Hand functional status (M±SD)

exercises group 1.84±0.74 1.65±0.80 1.64±0.80 9.68 0.008*

non-exercises group 1.74±0.96 1.57±0.51 1.42±0.58 5.10 0.078

Severity of CTS complaints (M±SD)

exercises group 2.13±0.69 1.85±0.80 1.79±0.75 26.68 0.001*

non-exercises group 1.73±0.55 1.73±0.54 1.48±0.47 13.15 0.001*

* p < 0.05.
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However, the mentioned limitations do not detract from 
the value of the presented publication.

CONCLUSIONS
 – The results of the study indicate that performing a pre-

ventive exercise program regularly, min. 3 times/week, 
has an effect on increasing forearm muscle strength in 
a group of office workers.

 – Office workers with symptoms of CTS who exercised 
regularly had higher results in squeeze strength and 
pincer grip strength.

 – Exercises performed for 2 months improve functional 
status, while they do not affect the level of pain com-
plaints, which may indicate a more complex etiology 
of pain perception in this study group.
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