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Abstract

Carpal tunnel syndrome (CTS) refers to the compression or tension over
the median nerve at the level of the wrist and represents the most commonly
encountered compression mononeuropathy. It is diagnosed significantly more
often in individuals, whose work involves similar, repetitive movements. The
condition affects approximately 4–6% of the active population. Its social aspect
stems from the significant deterioration of patients’ professional and private life,
which, in a high percentage of cases, leads to a change in profession. Multiple
surgical and conservative treatment approaches have been described. The lit-
erature proposes a general recommendation for compliance with prophylactic
interventions and a specific mobilization regimen but a consensus on the sub-
ject has not yet been achieved. In our study, we followed 45 patients diagnosed
with CTS who reported pain and altered sensation, over a period of 6 months.
The patients were divided into three groups which were randomly assigned to
different treatment modalities. All patients received the same prophylactic in-
terventions with regard to the physical load and exercises, which were to be
followed individually over the course of the study. At the end of the study, the
obtained data were analyzed statistically and we reported a correlation between
patient improvement and the frequency of the exercises.
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Introduction. Carpal tunnel syndrome (CTS) is the clinical term describ-
ing the condition which develops upon compression or increased tension over the
median nerve at the level of the wrist. It is the most often encountered compres-
sion mononeuropathy [1, 2]. This condition leads to a significant deterioration of
patients’ quality of life because it is characterized by a numbing sensation in the
innervation zone of the median nerve, reduced grip strength, and impaired hand
dexterity, which causes difficulty in the execution of their professional activities,
impairs sleep at night, thereby worsening their everyday life as a whole and their
social contacts [1, 3]. CTS affects 4–6% of the general population [3]; usually,
its onset occurs between 30 and 55 years (i.e. in working-age individuals) and it
affects females more often than males [3,4]. It develops significantly more often in
the dominant arm and is usually associated with professions whose work involves
vibrations, repetitive similar movements, typing on keyboards, etc. [3–5].

CTS is one of the most frequently diagnosed conditions associated with symp-
toms of numbing, reduced muscle strength, and painful movements of the wrist,
palm, and fingers [3, 6], which raises the issue of the precision of this diagnosis
in any patient with such symptoms [7, 8]. Our clinical experience shows a high
incidence of wrongly diagnosed patients with tenosynovitis and/or cervical os-
teochondrosis who did not have additional instrumental examinations performed.
Graham et al. [3] accept that the constellation of pain and numbing in the in-
nervation zone of the median nerve, positive clinical examination tests specific for
CTS (Tinel’s sign, Phalen’s test, digital test, Pryse-Phillips’ flick sign, and Luthy
sign), electromyographic, ultrasound and/or magnetic resonance imaging (MRI)
findings are highly reliable for diagnosis verification [9]. Diagnostic scales such
as the Boston carpal tunnel questionnaire are used to follow up the condition’s
evolution. The information contained in them refers to the patient’s condition
throughout the previous two weeks; patients fill them out by themselves and they
represent a reliable method used to monitor the disorder’s evolution [10].

The social impact of CTS and the multiple questions surrounding the optimal
therapeutic approach caught our attention and we directed our efforts towards op-
timizing the clinical approach in these patients. There is only a general consensus
in the literature regarding the need to use exercises and prophylactic interventions
aimed at changing a patient’s lifestyle. In addition, there is a lack of consensus
concerning the various parameters – type, frequency, intensity, and duration of
the exercises/interventions [3].

The aim of the present study was to monitor the impact of the exercises, as
well as to reveal statistically their optimal frequency. To do so, we outlined the
following tasks:

1. To monitor exercises, which:

1.1. are aimed at putting minimal loads on the muscles affected by the
compression of the median nerve;
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1.2. are both optimally effective and easy to perform;

1.3. could be performed everywhere and are accessible, regardless of the
patient’s physical condition;

2. To monitor the impact of the selected combination of exercises under dif-
ferent settings, i.e. in various therapeutic regimens – together with physical
therapy, placebo-physical therapy, and on their own (as a mono-therapy);

3. To monitor the exercises’ impact on pain (measured on the visual analogue
scale – VAS) and sensation;

4. To find out what is the optimal frequency of exercises.

Material and methods. A total of 45 patients aged between 18 and 82
(mean age 43.17) with documented CTS (through electromyography and/or ul-
trasound) were included in the present study. Of them, 29 were females (64.44%)
and 16 were males (25.56%). After signing an informed consent form, they received
general instructions to perform prophylactic interventions and exercises. Patients
were randomly assigned to three groups. The first group (n = 15) received low-
frequency pulsed electromagnetic field therapy (PEMF) and phonophoresis (PP)
with Contractubex (Allantoin/Allii cepae extractum fluidum/Heparin sodium).
The second group (n = 15) received placebo therapy – low-frequency PEMF and
PP with Contractubex; the procedures were conducted with devices turned off
and patients positioned in such a way, so as not to have visibility of the de-
vices [11]. The third group (n = 15) was a control – without physiotherapy but
with prophylactic interventions and exercises.

The prophylactic instructions included lifestyle changes in order to improve
their condition, the type of movements they may perform with their arm, their
frequency, duration, and intensity, as well as movements that should be avoided,
along with instructions on how to perform self-massage and its intensity. Patients
were trained to use the arm actively, with the range of motion only limited by
pain, as well as to avoid carrying loads (such as a bag of groceries) with the
impaired arm. In addition, they were instructed to perform maximal flexion in
the wrist joint and to place compressive bandages and/or splints. Furthermore,
with regard to self-massage, we trained patients to follow the direction of lymph
drainage (from the fingers towards the elbow) and to perform self-massage with
tender, stroking movements by covering the area of the fingers, palm, wrist, and
forearm (in that order).

The exercises consisted of 14 analytical movements putting minimal loads on
the wrist joint. The instructions consisted of written descriptions of the exercises
with photos displaying the correct movements. The required parameters were the
following: exercise frequency more than once daily (up to once per hour); slow
tempo; duration of 5 to 10 minutes; including arms, regardless of whether the
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compression of the median nerve was unilateral or bilateral. At the follow-up
visits – on day 12 and 6 months after the onset of therapy, we registered the
frequency with which the exercises were performed.

All patients were evaluated before the onset of therapy, on day 12, and
6 months after the therapy onset. The sensation was determined on a 5-grade
scale: 4 – no alterations in sensation, 3 – hyperesthesia, 2 – paresthesia, 1 – acro-
paresthesia, 0 – hypoesthesia. Pain intensity was assessed on a VAS, in which 0
was considered no pain and 10 – maximal pain.

For statistical processing, multiple analysis of variants (MANOVA) was used,
with post-hoc multiple tests of Bonferroni, as well as correlation analysis of Pear-
son, with post-hoc regression analysis. MANOVA was used to check the presence
or absence of statistical significance throughout all possible levels of interaction.
The post-hoc multiple Bonferroni test was running simultaneously with MANOVA
to isolate the clusters, having a statistically significant difference. Pearson’s cor-
relation analysis was used to compare the interactions between the comparative
parameters. Post-hoc regression analysis was performed after Pearson correlation
analysis to calculate the regression equations of interaction between parameters
with statistically significant correlation.

Results. When monitoring the impact of the conducted therapies in the
three groups, we found that all patients had improved sensation at the end of
the treatment course. At the same time, there was no statistically significant
difference ( > 0.05) across the groups (Fig. 1B). With regard to pain, results
were similar – no statistically significant difference was reported across the three
groups, however, a significant difference was found regarding the pain intensity
before the onset of therapy versus at the end of the treatment course (Fig. 1A).

A statistically significant correlation was found between the exercise fre-
quency and pain intensity (p < 0.05). The regression analysis established that
pain intensity was statistically dependent on the exercise frequency (p < 0.05) ac-
cording to the following real calculated regression formula: VAS = 5.39− (0.253×
number of daily exercises). The statistical power was sufficient (above 0.8) at
α = 0.05, with a normal statistical distribution of the clusters in the sample,
which confirmed the significance of these results with the available number of
variables [12–17]. Based on this real formula of the regression analysis, a total
of 21 prognostic mathematical models were calculated corresponding to pain in-
tensity (VAS in cm) at exercise frequency between 1 and 21 times daily. These
mathematically derived prognostic models have the following graphical represen-
tation (Fig. 2).

As evident from Fig. 2, pain intensity (VAS in cm) tends to be close to zero
at exercise frequency higher than 21 times a day.

In addition, a statistically significant correlation (p < 0.05) between sen-
sation and exercise frequency was reported. The regression analysis established
that sensation was statistically dependent on the exercise frequency (p < 0.05)
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Fig. 1. Follow-up of sensation and VAS

Fig. 2. Mathematically calculated prognostic correlation be-
tween pain intensity (VAS in cm) and the number of daily exer-

cises

according to the following real calculated regression formula: Sensation = 1.91 +
(0.0972 × number of daily exercises). The statistical power was sufficient (above
0.8) at α = 0.05, with a normal statistical distribution of the clusters in the
sample, which confirms the significance of these results with the available num-
ber of variables [12–17]. Based on this real formula of the regression analysis,
a total of 21 prognostic mathematical models were calculated corresponding to
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Fig. 3. Mathematically calculated prognostic correlation be-
tween sensation (4 = normal, 3 = hyperesthesia, 2 = paresthe-
sia, 1 = acroparesthesia, 0 = hypoesthesia) and the number of

daily exercises

sensation (4 = normal, 3 = hyperesthesia, 2 = paresthesia, 1 = acroparesthesia,
0 = hypoesthesia) at exercise frequency between 1 and 21 times a day. These
mathematically derived prognostic models have the following graphical represen-
tation (Fig. 3).

As evident from Fig. 3, sensation tends to be close to normal at exercise
frequency higher than 21 times a day.

The statistically significant real 3-dimensional correlation (p < 0.05) and
regression (p < 0.05) between pain intensity, sensation, and the exercise frequency
has the following graphical representation (Fig. 4).

The statistical power was sufficient (above 0.8) at α = 0.05, with a normal
statistical distribution of the clusters in the sample, which confirms the significance
of these results with the available number of variables [12–17].

Discussion. The present study found that the number of daily exercises cor-
relates with the evolution of pain intensity (measured through VAS) and sensation.
This correlation shows that exercise frequency is a key factor in the reduction of
pain and improvement of sensation in patients with CTS. The number of daily
exercises during the short-term 12-day follow-up is significantly higher than that
over the course of the long-term 6-month follow-up which corresponds to pain evo-
lution – it decreases significantly throughout the short-term 12-day follow-up and
increases during the long-term 6-month follow-up. The effect on sensation is simi-
lar – statistically, it improves significantly during the short-term 12-day follow-up
and worsens over the course of the long-term 6-month follow-up. Moreover, the
mathematical modelling and prognosis based on the real regression analysis found
that pain intensity tends to be close to zero at exercise frequency higher than 21
times a day, i.e. when exercising twice every hour during the day. The trend is
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Fig. 4. Real 3-dimensional regression correlation between pain
intensity, sensation, and the number of daily exercises

the same with regard to sensation recovery. The key significance of exercises is
supported by the results of the multivariate analysis of variance (MANOVA). The
absence of MANOVA difference between the three groups regarding pain inten-
sity (VAS score) and the change in sensation together with the extremely high
MANOVA difference (p < 0.0001) between the results of the follow-up regarding
pain intensity means that the number of exercises has both a pronounced singular
short-term and long-term pain reduction effect, as well as a notable short-term
pain reduction effect as a supplementing element to the preformed physical fac-
tors. The latter do not have a long-term impact, i.e. do not provide a prophylactic
effect on pain. Consequently, it would not be advisable to conduct prophylactic
courses with preformed physical factors in an absence of pain; rather, they should
be prescribed only in case of persistent pain or worsening of existing pain.

Conclusion. CTS is a compression phenomenon presenting with a charac-
teristic clinical constellation of altered sensation, reduced muscle strength, and
pain in the area of the wrist and palm. The usual approach in the treatment of
median nerve compression – splinting during the night for a few days, local ap-
plication of corticosteroids [3,18,19] and, if ineffective – surgical treatment [1,18]
does not correspond to patients’ expectation. A large portion of them require
that alternatives of the once customary therapy be suggested. The optimal exer-
cise frequency seems to be around 5 minutes every hour. At the same time, pain
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during the night and acroparesthesias may be treated with the known methods,
supplemented by the execution of the exercise programme. Even when taking
the decision to proceed with surgical treatment, analytical gymnastics and the
ability to follow a motion regimen would still be useful to the patient. The exer-
cise programme suggested herein is easy to remember, may be executed fast and
practically everywhere with readily available means (a softball, a rolling pin, or a
stick), does not carry a financial burden, and is statistically proved to be effective.
As with any other neurological disorder involving the peripheral nervous system,
the main clinical problem in CTS is the loss of muscle tissue and muscle strength.
Analytical gymnastics, when performed accurately and repetitively, restores mus-
cle tissue in the most physiological way. Despite the relatively small sample of
patients that we worked with (45 in total), our data unequivocally demonstrate
the positive impact of following simple practical rules in the everyday life of every
patient with regard to pain management and improvement of the alterations in
sensation.

REFERENCES

[1] Atroshi I., C. Gummeson, R. Johnsson et al. (2003) Severe carpal tunnel
syndrome potentially needing surgical treatment in a general population, J. Hand
Surg. Am., 28(4), 639–644.

[2] Staal A. (1970) General discussion on pressure neuropathies, Handbook of Clin-
ical Neurology, Vol. 7, Disease of Nerves, 276–284.

[3] Graham B., A. Peljovich, R. Afra et al. (2016) The American Academy of
Orthopaedic Surgeons evidence-based clinical practice guideline on: Management
of carpal tunnel syndrome, J. Bone Joint Surg. Am., 98(20), 1750–1754.

[4] Stewart J.D., A. J. Aguayo (1984) Compression and entrapment neuropathies.
In: Peripheral Neuropathy, Vol. 2, (eds P. J. Dyck et al.), Philadelphia, PA, W. B.
Saunders Company, 1435–1454.

[5] Cannon L. (1981) Personal and occupational factors associated with carpal tunnel
syndrome, J. Occup. Med., 23, 255–258.

[6] Atcheson S.G., J. R. Ward, W. Lowe (1998) Concurrent medical disease in
work-related carpal tunnel syndrome, Arch. Intern. Med., 158(14), 1506–1512.

[7] Bleeker M. (1985) Carpal tunnel syndrome: Role of carpal size, Neurology, 35,
1599–1604.

[8] Chammas M., J. Boretto, L.M. Burmann et al. (2014) Carpal tunnel syn-
drome – part I (anatomy, physiology, etiology and diagnosis), Rev. Bras. Ortop.,
49(5), 429–436.

[9] Phalen G. (1970) Reflections on 21 years experience with the carpal tunnel syn-
drome, JAMA, 212, 1365–1367.

[10] Jerosch-Herold C., J.D. P. Bland, M. Horton (2021) Is it time to revisit the
Boston Carpal Tunnel Questionnaire? New insights from a Rasch model analysis,
Muscle Nerve, 63(4), 484–489, https://doi.org/10.1002/mus.27173.

1548 A. Zaralieva, A. Aleksiev, S. Radeva

https://doi.org/10.1002/mus.27173


[11] Maddocks M., R. Kerry, A. Turner, J. Howick (2016) Problematic placebos
in physical therapy trials, J. Eval. Clin. Pract., 22(4), 598–602, https://doi.org/
10.1111/jep.12582.

[12] Dunn O. J., V.A. Clark (2014) Basic Statistics: A Primer for the Biomedical
Sciences (2009), Fourth ed., Hoboken, New Jersey, John Wiley & Sons, Inc.

[13] Khan R.M. (2013) Problem Solving and Data Analysis Using Minitab. A Clear
and Easy Guide to Six Sigma Methodology, West Sussex, England, John Wiley &
Sons, Ltd.

[14] Lesik S.A. (2010) Applied Statistical Inference with MINITAB, Boca Raton, FL,
USA, Taylor & Francis Group, LLC.

[15] Ott R. L., M. Longnecker (2010) An Introduction to Statistical Methods and
Data Analysis, Sixth ed., Belmont, CA, USA, Brooks/Cole, Cengage Learning.

[16] Riffenburgh R.H. (1993) Statistics in Medicine, San Diego, California, Aca-
demic Press.

[17] Rowe P. (2007) Essential Statistics, West Sussex, England, John Wiley & Sons
Ltd.

[18] Petrover D., P. Richette (2018) Treatment of carpal tunnel syndrome: from
ultrasonography to ultrasound guided carpal tunnel release, Joint Bone Spine,
85(5), 545–552, https://doi.org/10.1016/j.jbspin.2017.11.003.

[19] Shem K., J. Wong, B. Dirlikov (2020) Effective self-stretching of carpal liga-
ment for the treatment of carpal tunnel syndrome: A double-blinded randomized
controlled study, J. Hand Ther., 33(3), 272–280, https://doi.org/10.1016/j.
jht.2019.12.002.

1Department of Physical Medicine and Rehabilitation, Medical Faculty, Medical Univer-
sity of Sofia, 8 Byalo more St, 1527 Sofia, Bulgaria
e-mail: aichazaralieva@gmail.com

2Clinic of Physical and Rehabilitation Medicine,
UMHAT ‘Tsaritsa Yoanna – ISUL’, 8 Byalo more St, 1527 Sofia, Bulgaria
e-mail: stoikaradeva@abv.bg

3Clinic of Physical and Rehabilitation Medicine,
UMHAT ‘Aleksandrovska’, 1 St. Georgi Sofiiski St, 1431 Sofia, Bulgaria
e-mail: assen_aleksiev@doctor.com

C. R. Acad. Bulg. Sci., 77, No 10, 2024 1549

https://doi.org/10.1111/jep.12582
https://doi.org/10.1111/jep.12582
https://doi.org/10.1016/j.jbspin.2017.11.003
https://doi.org/10.1016/j.jht.2019.12.002
https://doi.org/10.1016/j.jht.2019.12.002
mailto:aichazaralieva@gmail.com
mailto:stoikaradeva@abv.bg
mailto:assen_aleksiev@doctor.com

