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Abstract

Introduction: Carpal Tunnel Syndrome (CTS) is the most common and best well-known cause of peripheral nerve compression. To date, none of the studies have 
determined the optimal combination of pyrimidine nucleotides and electrical stimulation (ES) in CTS patients. The objective of the study was to evaluate the effectiveness 
of a novel product containing uridine and cytidine monophosphate (Nucleo CMP Forte™) in combination with ES for the treatment of CTS.

Methods: This open-label, randomized, controlled study involved 60 patients with CTS at the Azerbaijan Medical University (Baku, Azerbaijan) and Research Institute 
of Medical Rehabilitation between 2017 and 2021 years. Patients were randomized to receive the exploratory treatment (Nucleo CMP Forte™ and ES) or single ES 
treatment for ten days. The combination treatment included two stages: Nucleo CMP Forte™ and ES for ten days (stage one), and Nucleo CMP Forte™ as monotherapy 
(stage two) for ten days.

Results: In the exploratory group, the complete restoration of pain sensitivity was achieved by 17.1% of patients and the narrowing of the existing zone of hypesthesia 
by 74.3%. Positive Tinel test was revealed in 52.4% of patients after the fi rst and 76.2% after the second stage in the exploratory group, versus 43.8% in the control group. 
Mean values in the Boston Carpal Tunnel Questionnaire signifi cantly decreased in both groups.

Conclusion: Nucleo CMP Forte™ in combination with ES contributes to a more pronounced regression of patients' complaints, clinical manifestations, severity, and 
neurophysiological indicators in mild-to-moderate CTS.
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Introduction

Carpal Tunnel Syndrome (CTS) is a complex disorder with 
sensitive, motor, and autonomic symptoms [1,2]. It is caused 
by the compression and traction of the median nerve at the 
level of the carpal tunnel. The repetitive stress causes chronic 
infl ammation of the connective tissue, increasing the pressure 
inside the canal of the wrist, and resulting in venous hyperemia 
and edema which leads to ischemic damage of the nerve. CTS 
is the most common and well-known cause of peripheral nerve 
compression, with an incidence ranging from 50 to 150 cases 
in 100,000 inhabitants [3]. Its diagnosis is based on clinical 

data, questionnaires, and neurological examinations [4]. When 
symptoms are mild, provocative maneuvers (such as Tinel’s 
and Phalen’s test) may elicit CTS symptoms and require further 
examinations; however, when symptoms are severe (weakness, 
sensory defi cits, or limitations in daily living activities), studies 
on nerve conduction are recommended. Electroneuromyography 
(ENMG) is the gold standard for evaluating the function of the 
median nerve in patients with clinical manifestations of CTS 
[4-8]. But the value of electrodiagnostic (EDX) study grades 
as a prognostic indicator of clinical results after Carpal Tunnel 
Release (CTR) remains controversial. Neuroimaging, especially 
ultrasound, provides information about the nerve in the carpal 
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tunnel [9-11]. Additionally, magnetic resonance imaging (MRI) 
allows visualizing surrounding tissues, but its effi cacy is 
limited by diffi culties in revealing the entire nerve trunk [12-
13] Normally, CTS is manifested by numbness, paresthesia, and 
pain in the innervation of the median nerve. These symptoms 
may be accompanied by objective changes in the sensitivity and 
muscle strength of tissues of the hand [14] In general, there are 
two approaches to the treatment of CTS [15-17] A conservative 
approach is based on treating underlying causes to stop the 
CTS progression. Immobilization is recommended in order to 
eliminate active movements in the affected hand [18]. The wrist 
is fi xed in a neutral position so the tension in the carpal canal 
will be minimal. The carpometacarpal and the interphalangeal 
joints are fi xed in slight fl exion for the same purpose [19,20]. 
Non-steroidal anti-infl ammatory drugs (NSAIDS) are used to 
relieve the symptoms [15-17]. Oral diuretics reduce swelling, 
and corticosteroids (prednisone, hydrocortisone) alleviate the 
median nerve compression and provide quick temporary relief 
[15]. Drug therapy does not reduce the CTS severity of sensory 
and motor symptoms in all cases. Thus, it is necessary the 
combination with non-drug therapies such as physiotherapy, 
acupuncture, manual therapy, and physical exercises, a trial 
of superfi cial heat for short-term pain relief [15,17,21-24]. 
Kinesiotherapy, and in particular mechanotherapy, helps in 
maintaining the trophy of the paretic muscles of the thenar, 
improving nervous conduction and excitability, and restoring 
motor function [25]. Muscle hypotrophy is infl uenced by 
a light/attentive massage that should be performed daily 
[26]. Electrical stimulation (ES), causing excitation of nerves 
and muscle contraction, has been demonstrated to enhance 
blood and lymph circulation, stimulate metabolic and trophic 
processes and improve the conductivity of nerve trunks and 
the electrical excitability of the neuromuscular apparatus 
[17,21-23]. Nucleotide-based therapies may also be considered 
an optimal treatment for patients with mild-moderate CTS 
[13,27]. To date, none of the studies have determined the 
optimal combination of pyrimidine nucleotides and ES in CTS 
patients, which could increase the effectiveness of conservative 
treatment and shorten the time of regression of existing motor 
and sensory disorders, reduce its severity, prevent disability in 
patients, and reduce economic costs. Therefore, the objective 
of the present study was to evaluate the effectiveness of a 
novel product containing uridine and cytidine monophosphate 
(Nucleo CMP Forte™) in combination with ES for the treatment 
of CTS.

Materials and methods

Study design

This open-label, randomized, controlled study included 
patients with CTS at the Azerbaijan Medical University (Baku, 
Azerbaijan) and the Research Institute of Medical Rehabilitation 
between 2017 and 2021 years. Patients for the study were selected 
by randomization according to the inclusion and exclusion 
criteria. The inclusion criteria to participate in the study were: 
age between 18 and 70; diagnosis of CTS and median nerve 
conduction blockade (verifi ed by electroneuromyography, 
ENMG, and examination). Exclusion criteria included: diabetes 

mellitus and atherosclerosis of blood vessels; hypersensitivity to 
pyrimidine nucleotides; compression of С5, С6 roots (confi rmed 
by MRI); rheumatoid arthritis in the acute phase (at the time of 
the study); and contraindications to ENMG (disturbance of skin 
integrity). Patients were randomized to receive the exploratory 
combination treatment (Nucleo CMP Forte™ and ES) or single 
ES treatment for ten days. The combination treatment included 
two stages. At the fi rst stage of the treatment, patients received 
an intramuscular injection of Nucleo CMP Forte™ and ES for 
ten days. In the second stage, patients continued to receive 
an injection of the Nucleo CMP Forte™ as monotherapy for 
ten days. Nucleo CMP Forte™ is composed of 3 mg of uridine 
monophosphate and 5 mg of cytidine monophosphate [19]. 
The ES treatment of the median nerve in the wrist area was 
performed with the Amplipulse device by using Russian 
currents. The second type of current operation was used at a 
modulation depth of 100%, and a frequency - of 30 Hs.

The presence of conduction blockade along the fi bers of 
the median nerve was verifi ed with the nerve conduction study 
by using the method of short segments (inching technique). 
Stimulation was performed at 6 points on the wrist and palm 
along the nerve with an interval of 1 cm. The difference between 
latencies of adjacent points (1 cm) had not exceeded 0.5 msec.

Endpoints and variables

Electrical stimulation procedures and injections of the 
drug were well tolerated by patients, and no side effects 
were observed. The primary endpoint included effectiveness 
outcomes with the exploratory and control treatments 
in terms of spontaneous pain syndrome, the severity of 
symptoms, functional disorders, assessment of discriminatory 
sensitivity, Phalen’s and Tinel tests, and neurophysiological 
(ENMG) parameters. Before receiving the treatments, patients 
underwent a general clinical and neurological examination, 
and an ENMG study to identify the presence of a conduction 
blockade, and the degree of compression of the median nerve 
in the carpal canal. Spontaneous pain syndrome was evaluated 
using a 10-point Visual Analog Scale (VAS). The severity of 
symptoms and functional disorders was determined with the 
Boston Carpal Tunnel Questionnaire (BCTQ). It is composed of 
the Symptom Severity Scale (SSS) and Functional Status Scale 
(FSS). The BCTQ-SSS consists of 11 multiple-choice questions, 
with answers scoring from one to fi ve, depending on severity. 
The BCTQ-FSS included eight items, and scores vary from 
one (no diffi culty) to fi ve (very diffi cult). The ENMG study 
determined the following indicators: speed of conduction of 
impulses along the motor and sensory fi bers of the median and 
ulnar nerves; parameters of the M-potential and S-potential of 
the nerves (amplitude, area, latency, duration); conducting an 
inching test (to determine the level and degree of compression 
of sensitive fi bers in the wrist area); and testing the F-wave 
along the median and ulnar nerves. The severity of the pain 
syndrome or the intensifi cation of negative and positive sensory 
symptoms in the zone of innervation by the median nerve of 
the thumb, index, and middle fi ngers were evaluated in sharp 
fl exion of the hand and holding it in this position for more 
than one minute (Phalen's test). The severity of paresthesia 
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(tingling, creeping, numbness, etc.) was also assessed in the 
wrist and/or fi ngers of the hand or in response to tapping at 
the site of the projection of the median nerve in the wrist (Tinel 
test). Discriminatory sensitivity, i.e. the ability to distinguish 
between two simultaneously applied stimuli at closely spaced 
thenar points was determined by Weber's caliper. The legs of 
the caliper were brought together until the double touch was 
no longer distinguishable. Hand strength was determined on a 
5-point scale when 1-2 fi ngers of the hand were fl exed to form 
a ringlet. The general condition and the changes in patients’ 
complaints were also assessed.

Data analysis

Continuous variables are expressed with the mean and 
Standard Deviation (SD); whereas categorical ones with absolute 
and relative frequencies. Comparisons between groups were 
carried out with statistical analysis. To determine the difference 
in mean values     and establish the effectiveness of treatment, all 
clinical data, the results of the tests performed (Fallen, Tinnel) 
and electromyography indicators were analyzed. Mean values 
of all parameters before and after the fi rst stage of treatment 
and after the course of treatment in patients of the fi rst group 
were compared. In patients of the second group, statistical 
analysis of the parameters was carried out before and after the 
course of treatment. Statistical signifi cance was established 
with p < 0.05. Statistical procedures were carried out Excel 
program using the criteria of Student and X2 of Pearson.

Results

Baseline population characteristics

A total of 60 patients were included in the study (40 in the 
exploratory group and 20 in the control one). Patients were 
predominantly women (93.3% of them), with a mean age was 
53.1 ± 1.5 years, and duration of the disease between 1-3 years 
(38.3%; Table 1). Most of the patients (63.3%) showed severe 
CTS symptoms. The CTS was bilateral in 49 patients (81.7%), 
and unilateral in 11 (18.3%, eight right-sided and three left-
sided). Further information on pain and symptoms is described 
in the Supplementary material. Phal en's and Tinel tests were 
positive in 46 (76.7%) and 37 patients (61.7%), respectively. 
The mean value of the discriminatory sensitivity was 11.2 ± 0.1 
mm. Changes in the refl ex sphere are shown in Supplementary 
Table 1. The study of the motor fi bers of the median nerve 
revealed a signifi cantly higher latency of the M-response (4.4 
± 0.1 vs. 3.1 ± 0.04 msec; p < 0.001) and duration (6.7 ± 0.2 vs. 
6.2 ± 0.1 msec; p < 0.05) in the exploratory group, compared to 
control (Table 2). A signifi cantly lower amplitude (6.9 ± 0.1 vs. 
8.8 ± 0.2 mV; p < 0.001), area (24.5 ± 0.3 vs. 31.4 ± 0.8 mV*msec; 
p < 0.001), and conduction velocity (56.0 ± 0.4 vs. 58.6 ± 0.4 
m/sec; p < 0.001) were also found. Changes in mean values 
of the amplitude of the S-response and conduction velocity 
in the study of the sensory fi bers of the median nerve were 
signifi cantly higher in the exploratory group, compared with 
the control, expressed by an increase in latency and duration (p 
< 0.001), and a decrease in amplitude and ICV (p < 0.001; Table 
2). The BCTQ at baseline is shown in Supplementary Table 2. 

Effectiveness of the treatments

A signifi cant decrease in the mean VAS for pain was found 
in the exploratory group between baseline (6.6 ± 0.2) and fi rst 
(3.8 ± 0.3, p < 0.01) and second stages (1.6 ± 0.26, p < 0.001; Table 
3). Changes in symptoms, complaints, and severity during the 
treatments are described in the Supplementary material. In the 
exploratory group, the complete restoration of pain sensitivity 
was achieved by 17.1% of patients, and the narrowing of the 
existing zone of hypesthesia by 74.3%. Additional effec tiveness 
results are shown in Supplementary Table 3. The mean duration 
of the onset of sensory symptoms (Phalen’s test) signifi cantly 
increased from baseline (22.5 ± 0.4 sec) to the fi rst (41.5 ± 1.5 
sec) and second stages of treatment (48.3 ± 0.7 sec, p < 0.001) in 
the exploratory group, and from baseline (17.1 ± 0.6 sec) to the 
end of treatment in the control group (21.2 ± 1.8 sec, p < 0.05). 
Positive Tinel test was revealed in 52.4% of patients after the 
fi rst and 76.2% after the second stage in the exploratory group, 
versus 43.8% in the control group. The discrimination distance 
signifi cantly decreased after the fi rst stage of treatment (from 
11.3 ± 0.5 to 10.1 ± 0.2 mm; p < 0.01), and to the second stage 
(9.1 ± 0.2 mm; p <0.001; Table 3). The mean BCTQ-SSS index 
signifi cantly decreased after the fi rst stage of treatment (from 
2.8 ± 0.1 to 1.8 ± 0.1; p < 0.001), and to the second (1.5 ± 0.1; 
p < 0.001) in the exploratory group, and from baseline (2.7 ± 
0.1) to the end of treatment (1.9 ± 0.2, p < 0.001) in the control 
group. The mean BCTQ-FSS index also signifi cantly decreased 
after the fi rst stage of treatment (from 2.9 ± 0.1 to 2.2 ± 0.1; p 
< 0.001), and the second (1.3 ± 0.1; p < 0.001) in the exploratory 
group, and from baseline (2.8 ± 0.1) to the end of treatment (2.2 
± 0.2, p < 0.001) in the control group. Further information from 
BCTQ scores during the treatments is shown in Supplementary 

Table 1: Baseline sociodemographic and clinical characteristics of patients.

Total patients
(N = 60)

Gender, n (%)

 Male 4 (6.7)

 Females 56 (93.3)

Age, mean years ± SD 53.1 ± 1.5

Duration of the disease, n (%)

 1 year 19 (31.7)

 1-3 years 23 (38.3)

 >3 years 18 (30.0)

Severity of the CTS symptoms, n (%)

 Mild 15 (25.0)

 Moderate 38 (63.3)

 Severe 7 (11.7)

 Mean BCTQ score ± SD 2.84 ± 0.05

Phalen's test 

 Positive, n (%) 49 (81.7)

 Duration, mean sec ± SD 20.1 ± 0.2

Positive Tinel test, n (%) 37 (61.7)

Discriminatory sensitivity, mean mm ± SD 11.2 ± 0.1

SD: Standard Deviation; CTS: Carpal Tunnel Syndrome; BCTQ: Boston Carpal Tunnel 
Questionnaire
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Table 2: Baseline electroneuromyography indicators in the stimulation of motor and sensory fi bers, inching indicator and F-wave.
Nerves Indicators Before treatment a Control p - value b

Stimulation of motor fi bers (M ± m)

N. medianus 
(n = 105) c

M-response: Latency period (ms) 4.4 ± 0.1 / 3.2 ± 0.2 3.1 ± 0.04 <0.001 / N.S.
Residual period (ms) 3.0 ± 0.2 / 2.0 ± 0.3 1.8 ± 0.1 <0.001 / N.S.

Amplitude (mV) 6.9 ± 0.1 / 7.4 ± 0.4 8.8 ± 0.2 <0.001 / N.S.
Duration (ms) 6.7 ± 0.2 / 6.0 ± 0.2 6.2 ± 0.1 <0.05 / N.S.
Area, (mV*ms) 24.5 ± 0.3 / 25.4 ± 0.5 31.4 ± 0.8 <0.001 / N.S.

ICVeff (m/s) 56.0 ± 0.4 / 56.9 ± 1.1 58.6 ± 0.4 <0.001 / N.S.

N. ulnaris 
(n = 91) c

M-response: Latency period (ms)
2.3 ± 0.02 /
2.1 ± 0.04

2.6 ± 0.1 N.S. / N.S. 

Residual period (ms)
1.0 ± 0.02 /
1.0 ± 0.16

1.3 ± 0.06 N.S. / N.S. 

Amplitude (mV)
9.7 ± 0.1 /
9.9 ± 0.6

10.0 ± 0.2 N.S. / N.S. 

Duration (ms)
5.6 ± 0.05 /

9.9 ± 0.2
6.2 ± 0.1 N.S. / N.S. 

Area, (mV* mV)
25.1 ± 0.5 /
25.6 ± 0.4

27.4 ± 0.5 <0.001 / <0.05

ICVeff (M/S)
60.5 ± 0.4 /
61.6 ± 0.4

61.4 ± 0.5 N.S. / N.S. 

Stimulation of sensor fi bers (M ± m)

N. medianus 
(n = 104) c

S-response: Latency period (ms)
3.0 ± 0.05 /

2.5 ± 0.2
2.1 ± 0.03 <0.001 / <0.01

Amplitude (mV)
17.8 ± 0.4 /
25.7 ± 1.2

31.7 ± 1.2 <0.001 / <0.01

Duration (ms)
3.3 ± 0.1
2.9 ± 0.2

2.8 ± 0.1 N.S. / N.S. 

Area, (mV* ms) 
19.4 ± 0.8
19.4 ± 1.2

20.9 ± 0.8 N.S. / N.S. 

ICVaff (m/s)
52.5 ± 0.8 /
58.7 ± 1.5

66.4 ± 0.6 <0.001 / <0.001

N. ulnaris 
(n = 87) c

S-response: Latency period (ms)
2.0 ± 0.02
2.0 ± 0.08

2.0 ± 0.04 N.S. / N.S.

Amplitude (mV)
21.7 ± 0.3
23.4 ± 0.5

24.3 ± 1.1 <0.05 / N.S.

Duration (ms)
2.8 ± 0.3
2.4 ± 0.2

2.5 ± 0.1 <0.05 / N.S.

Area, (mV* ms) 
19.1 ± 0.3
19.5 ± 0.9

14.8 ± 0.8 N.S. / N.S. 

ICVaff (m/s)
63.8 ± 0.5
62.5 ± 0.7

64.7 ± 0.8 N.S. / N.S. 

Baseline inching indicator (M ± m)
n = 110 c The latency period (ms) 1.14 ± 0.03 <0.5 <0.001

Baseline indicators of F-wave

N. medianus
(n = 69) c

The minimum latency period (ms)
26.3 ± 0.2 /
25.3 ± 0.4

24.7 ± 0.3 <0.001 / N.S.

Amplitude (mkV)
278.5 ± 14.4 /

210.0 ± 7.1
207.0 ± 18.4 N.S. / N.S.

ICV max (m/s)
67.5 ± 1.4 /
60.4 ± 6.4

74.2 ± 4.7 N.S. / N.S.

Tachydispersion (m/s)
10.9 ± 0.5 /
6.43 ± 0.5

8.6 ± 2.7 N.S. / N.S.

Latency period Fmin–M (ms)
22.1 ± 0.2 /
21.9 ± 0.6

21.7 ± 0.3 N.S. / N.S.

Amplitude F/М (%)
3.3 ± 0.3 /
1.8 ± 0.4

1.9 ± 0.2 N.S. / N.S.

N. ulnaris
(n = 60) c

The minimum latency period (ms)
24.9 ± 0.2 /
27.7 ± 0.5

25.4 ± 0.4 N.S. / N.S.

Amplitude (mkV)
182.3 ± 12.0 /
217.1 ± 11.1

218 ± 18.3 N.S. / N.S.

ICV max (m/s)
64.1 ± 2.4 /
62.7 ± 1.2

62.8 ± 3.0 N.S. / N.S.

Tachydispersion (m/s)
10.2 ± 0.3 /

5.8 ± 0.4
8.4 ± 1.7 N.S. / N.S.

Latency period Fmin–M (ms)
22.4 ± 0.2 /
22.4 ± 0.4

22.5 ± 0.7 N.S. / N.S.

Amplitude F/М (%)
1.4 ± 0.2 /
0.9 ± 0.1

1.4 ± 0.2 N.S. / N.S.

N.S; Not Statistically Signifi cant
aIn the numerator: indicators of the affected side; in the denominator: indicators of the intact side
bThe signifi cance of the difference (p) was calculated in relation to the control
cn: Number of patients examined
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Table 4. The ENMG studies revealed a signifi cant increase in 
the amplitude and area of the M-potential along the median 
nerve after the fi rst (p < 0.01) and second (p < 0.001) stages of 
treatment in the exploratory group (Table 4). Efferent fi bers 
ICV signifi cantly increased from baseline (55.9 ± 0.5) to the 
fi rst stage (57.9 ± 0.4 m/sec; p < 0.01) and second stage of 
treatment (59.4 ± 0.8 m/sec; p < 0.001). In the control group, a 
signifi cant improvement in the amplitude (p < 0.05) and area 
(p < 0.01) of the M-potential recorded from the median nerve 
was reported after the treatment. After the second stage of 
treatment, there was a decrease in the latency of the sensory 
response (from 2.9 ± 0.1 to 2.4 ± 0.1 msec; p < 0.001), and an 
increase in the afferent fi ber’s excitation conduction velocity 
(from 54.8 ± 1.0 to 60.1 ± 1.1 m/sec; p < 0.001). In patients from 
the exploratory group, the mean difference between latencies 
of nearby points normalized decreased after the fi rst stage 
of treatment (from 1.1 ± 0.1 to 0.5 ± 0.0 msec; p <0.001), and 
second (0.4 ± 0.0 msec; p < 0.001). In the control group, the 
mean value signifi cantly reduced by the end of treatment (from 
1.2 ± 0.1 to 0.8 ± 0.1 msec; p < 0.001). 

Discussion 

Our study aimed at evaluating the effectiveness of the use 
of ES and Nucleo CMP Forte™ in the complex treatment and 
rehabilitation of CTS. In patients with mild-moderate CTS, 
nucleotide-based medications (like Nucleo CMP Forte™), 
might be considered as a treatment option. Literature 
evaluating the effi cacy of Nucleo CMP Forte™ is scarce [23]. 
Povedano, et al. [23] in an exploratory, open-label, prospective 
study analyzed the effi cacy of Nucleo CMP Forte™ for 
improving the symptoms and electromyographic parameters 
of 40 patients with electromyography-confi rmed, mild-
moderate CTS. The authors reported a signifi cant decrease 
in pain symptoms and an improvement in the quality of life 
after six months. No signifi cant differences were observed in 
electromyographic fi ndings. Case reports, like Park, et al. [27] 
have also documented improvements in CTS symptoms with 
ultrasound-guided polydeoxyribonucleotide injections. Some 
studies have evidenced that ES in injured peripheral nerves 
accelerates axonal regeneration [28,29]. Furthermore, ES is able 

to accelerate axon outgrowth and target muscle reinnervation, 
promoting functional recovery, in CTS patients with severe 
axonal degeneration [28]. Gordon, et al. [28] demonstrated 
that sensory nerve conduction values signifi cantly improved 
after ES in CTS patients after surgery. Several studies have also 
revealed that ES is effective in reducing the peripheral nerve 
causes of pain. Deer, et al. [29] in a prospective study reported 
the reduction of neuropathic pain in patients who received 
active ES with an implantable peripheral nerve stimulation 
(StimRouter) device. 

In our present study, results support the effect of the 
proposed treatment method for decreasing pain syndrome 
and regression of sensitive, autonomic, and motor disorders. 
Results also evidence an improvement in BCTQ indicators, 
i.e. symptom severity and function state scales. Moreover, 
a pronounced positive dynamic of ENMG indicators was 
observed, i.e. an increase in the amplitude and area of the 
motor response, an increase in conduction velocity of both 
efferent and afferent fi bers (ICV motor and sensory fi bers), and 
a signifi cant decrease in the difference between the latencies 
of nearby points during inching technique. The ES has been 
extensively shown to affect remyelination in animal models 
and humans [28]. Therefore, these results may be explained by 
the intensifi cation of myelination processes and structural and 
functional restoration of the median nerve under the infl uence 
of treatment. 

The main limitation of the study was the relatively low 
number of patients (40 in the exploratory group and 20 in the 
control one), limiting sub-analyses of variables and thus the 
conclusions. Besides this, positive dynamics of both clinical 
data and ENMG indicators, especially, ICV efferent and afferent, 
after the use of Nucleo CMP Forte™ of the exploratory group 
highlight the critical importance of this product in the results 
of the exploratory treatment. 

In conclusion, Nucleo CMP Forte™ in combination 
with ES contributes to a more pronounced regression of 
patients' complaints, clinical manifestations, severity, and 
neurophysiological indicators in mild-to-moderate CTS. 

Table 3: Effectiveness results during the treatments.

Exploratory group Control group

Baseline First stage Second stage Baseline After treatment

Spontaneous pain syndrome

Mean VAS score ± SD 6.6 ± 0.2 3.8 ± 0.3a  1.6 ± 0.2b 6.5 ± 0.3 4.6 ± 0.4

Phalen's test

Duration of the onset of sensory symptoms, mean s (SD) 22.5 ± 0.4 41.5 ± 1.5b 48.3 ± 0.7b 17.1 ± 0.6 21.2 ± 1.8c

Discriminatory sensitivity

Mean distance, mm (SD) 11.3 ± 0.5 10.1 ± 0.2a 9.1 ± 0.2b 17.1 ± 0.6 21.2 ± 1.8

BCTQ

SSS, mean index 2.8 ± 0.1 1.8 ± 0.1b 1.5 ± 0.1b 2.7 ± 0.1 1.9 ± 0.2b

FSS, mean index 2.9 ± 0.1 2.2 ± 0.1b 1.3 ± 0.1b 2.8 ± 0.1 2.2 ± 0.2c

BCTQ, Boston carpal tunnel questionnaire; SSS, symptom severity scale; FSS, function state scale. 
Statistical signifi cance: ap < 0.01; bp < 0.001; cp < 0.05
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Table 4: Electroneuromyography indicators in the stimulation of motor and sensory fi bers, and F-wave during the treatments.

Nerves Indicators Before treatment After the fi rst stage After the second stage Control

Stimulation of motor fi bers

N. medianus
(n = 69)

M-response: Latency period (ms) 4.3 ± 0.1e / 3.6 ± 0.3 4.0 ± 0.1c / 3.4 ± 0.3 4.1 ± 0.2 / 3.7 ± 0.4 3.1 ± 0.04

Residual period (ms) 2.8 ± 0.1e / 2.0 ± 0.2 2.6 ± 0.1 / 1.8 ± 0.2 2.7 ± 0.1 / 1.7 ± 0.1 1.8 ± 0.1

Amplitude (mV) 7.2 ± 0.1e / 7.6 ± 0.5 8.3 ± 0.2b / 8.1 ± 0.6 8.7 ± 0.3b / 8.5 ± 0.9 8.8 ± 0.2

Duration (ms) 6.6 ± 0.3 / 6.0 ± 0.3 6.2 ± 0.1 / 5.9 ± 0.3 6.5 ± 0.1 / 6.4 ± 0.7 6.2 ± 0.1

Area (mV* ms) 25.1 ± 0.5e / 25.7 ± 1.3 28.2 ± 0.7b / 25.6 ± 0.7 43.0 ± 0.3b / 32.6 ± 0.2b 31.4 ± 0.8

ICVeff (m/s) 55.9 ± 0.5e / 56.8 ± 1.5 57.9 ± 0.4a / 57.2 ± 0.9 59.4 ± 0.8b / 60.4 ± 1.6 58.6 ± 0.4

N. ulnaris
(n = 55)

M-response: Latency period (ms) 2.3 ± 0.03 / 2.1 ± 0.06 2.3 ± 0.04 / 2.2 ± 0.1 2.4 ± 0.09 / 2.3 ± 0.2 2.6 ± 0.1

Residual period (ms) 1.1 ± 0.03 / 1.1 ± 0.2 1.1 ± 0.04 / 1.0 ± 0.1 1.3 ± 0.09 / 1.3 ± 0.3 1.3 ± 0.06

Amplitude (mV) 10.0 ± 0.14 / 10.2 ± 0.89 10.7 ± 0.2c / 10.9 ± 0.3 11.2 ± 0.3a / 12.0 ± 1.3 10.0 ± 0.2

Duration (ms) 5.6 ± 0.08e / 5.8 ± 0.3 5.5 ± 0.14 / 5.7 ± 0.2 5.8 ± 0.2 / 5.7 ± 0.4 6.2 ± 0.1

Area, (mV*ms) 26.0 ± 0.4f / 26.7 ± 0.6 27.4 ± 0.4c / 27.8 ± 0.9 30.7 ± 0.9b / 36.5 ± 1.4 27.4 ± 0.5

ICVeff (m/s) 62.5 ± 0.6 / 61.2 ± 0.5 62.9 ± 0.4 / 62.9 ± 0.9 64.6 ± 0.8c / 66.1 ± 0.9b 61.4 ± 0.5

Stimulation of sensor fi bers

N. medianus
(n = 68)

Latency period (ms)
2.9 ± 0.1e /
2.6 ± 0.2f

2.6 ± 0.05a /
2.3 ± 0.1

2.4 ± 0.1b /
2.3 ± 0.1

2.1 ± 0.03

Amplitude (mV)
18.1 ± 0.7e /
22.6 ± 0.6d

20.1 ± 0.7c /
23.1 ± 0.5

20.7 ± 0.3b /
22.0 ± 1.2

31.7 ± 1.2

Duration (ms)
3.4 ± 0.2d /
3.1 ± 0.3

3.2 ± 0.1 /
3.1 ± 0.4

3.7 ± 0.2 /
2.9 ± 0.4

2.8 ± 0.1

Area, (mV*ms)
18.4 ± 1.0 /
18.2 ± 1.4

18.9 ± 1.0 /
18.5 ± 1.2

25.1 ± 2.2c /
17.4 ± 1.9

20.9 ± 0.8

ICVaff (m/s)
54.8 ± 1.0e /
57.7 ± 1.1d

58.4 ± 0.6c /
62.3 ± 0.6b

60.9 ± 1.1b /
60.9 ± 1.0a 66.4 ± 0.6

N. ulnaris
(n = 51)

The latency period (ms)
2.0 ± 0.03 /

2.0 ± 0.1
1.9 ± 0.04 /

1.9 ± 0.2
2.2 ± 0.08 /

1.8 ± 0.2
2.0 ± 0.04

Amplitude (mV)
19.6 ± 0.6e /
21.5 ± 0.8

26.6 ± 0.4b /
22.4 ± 0.8a

29.7 ± 0.6b /
38.0 ± 1.6b 24.3 ± 1.1

Duration (ms)
2.9 ± 0.1d /
2.5 ± 0.3

3.0 ± 0.2 /
2.3 ± 0.2

3.9 ± 0.4c /
3.2 ± 0.6

2.5 ± 0.1

Area, (mV*ms)
17.1 ± 0.5 /
19.1 ± 1.3

24.3 ± 0.4b /
20.6 ± 1.4

29.4 ± 0.4b /
44.1 ± 2.7b 14.8 ± 0.8

ICVaff (m/s)
64.2 ± 0.8 /
62.43 ± 1.8

64.6 ± 0.8 /
69.3 ± 0.6b

63.8 ± 2.5 /
78.7 ± 1.2b 64.7 ± 0.8

Indicators of F-wave

N. medianus
(n = 46)

The minimum latency period (ms)
26.1 ± 0.3d /
25.1 ± 0.5

26.6 ± 0.3 /
23.7 ± 1.1

26.8 ± 0.4 /
26.1 ± 07

24.7 ± 0.3

Amplitude (mkV) 278.5 ± 14.1 / 210.3 ± 7.1
239.6 ± 7.5 /
302.0 ± 18.2b

200.0 ± 5.8 /
184.3 ± 9.5

207.0 ± 18.4

ICV max (m/s)
67.5 ± 1.3 /
60.4 ± 6.3

64.5 ± 1.3 /
69.6 ± 3.0

65.2 ± 1.0 /
69.1 ± 1.1

74.2 ± 4.7

Tachydispersion (m/s)
10.9 ± 0.5 /

6.4 ± 0.5
11.6 ± 0.5 /
11.4 ± 1.4

6.9 ± 0.3 /
6.9 ± 0.5

8.6 ± 2.7

Latency period Fmin–M (ms)
22.0 ± 0.3 /
21.7 ± 0.7

22.6 ± 0.3 /
20.3 ± 0.8

22.7 ± 0.3c /
22.3 ± 0.5

21.7 ± 0.3

Amplitude F/М (%)
3.2 ± 0. 3e /

1.8 ± 0.4
2.4 ± 0.3c /
2.4 ± 0.3

2.0 ± 0.4a /
1.5 ± 0.5

1.9 ± 0.2

N. ulnaris 
(n = 37)

The minimum latency period (ms)
24.6 ± 0.3 /
24.4 ± 0.5

24.1 ± 0.3 /
23.8 ± 0.6

24.5 ± 1.0 /
25.4 ± 0.7

25.4 ± 0.4

Amplitude (mkV) 182.2 ± 12.0 / 145.0 ± 12.6
246.0 ± 3.3b /
242.2 ± 10.4b

234.7 ± 6.0b /
169.7 ± 9.8

218 ± 18.3

ICV max (m/s)
64.1 ± 2.4 /
62.7 ± 1.2

62.7 ± 1.8 /
66.6 ± 1.3

63.9 ± 1.6 /
64.1 ± 2.1

62.8 ± 3.0

Tachydispersion (m/s)
10.2 ± 0.3 /

5.8 ± 0.4
9.7 ± 0.4 /
8.4 ± 0.6c

8.0 ± 0.8a /
8.3 ± 0.3c 8.4 ± 1.7

Latency period Fmin–M (ms)
22.0 ± 0.3 /
21.9 ± 0.4

21.7 ± 0.3 /
22.1 ± 0.7

22.9 ± 0.4 /
23.2 ± 0.6

22.5 ± 0.7

Amplitude F/М (%)
1.4 ± 0.2 /
0.9 ± 0.1

1.6 ± 0.2 /
1.4 ± 0.1c

1.4 ± 0.1 /
1.4 ± 0.1c 1.4 ± 0.2

In the numerator: are indicators of the affected side; in the denominator: indicators of the intact side
The signifi cance of the difference (p-value) is calculated in relation to the initial state: ap < 0.01; bp < 0.001; cp < 0.05; and to the control: dp < 0.01; ep < 0.001; fp < 0.05



007

https://www.peertechzpublications.com/journals/open-journal-of-orthopedics-and-rheumatology

Citation: Magalov SI, Huseynova SG, Mustafaeva EE, Bagirova R (2023) Nucleo CMP Forte™ for the treatment and rehabilitation of patients with carpal tunnel 
syndrome. Open J Orthop Rheumatol 8(1): 001-007. DOI: https://dx.doi.org/10.17352/ojor.000046

References

1. Aboonq MS. Pathophysiology of carpal tunnel syndrome. Neurosciences 
(Riyadh). 2015 Jan;20(1):4-9. PMID: 25630774; PMCID: PMC4727604.

2. Genova A, Dix O, Saefan A, Thakur M, Hassan A. Carpal Tunnel Syndrome: 
A Review of Literature. Cureus. 2020 Mar 19;12(3):e7333. doi: 10.7759/
cureus.7333. PMID: 32313774; PMCID: PMC7164699.

3. Algahtani H, Watson BV, Thomson J, Al-Rabia MW. Idiopathic bilateral 
carpal tunnel syndrome in a 9-month-old infant presenting as a pseudo-
dystonia. Pediatr Neurol. 2014 Jul;51(1):147-50. doi: 10.1016/j.
pediatrneurol.2014.01.047. Epub 2014 Jan 30. PMID: 24725351.

4. American Association of Electrodiagnostic Medicine, American Academy of 
Neurology, and American Academy of Physical Medicine and Rehabilitation. 
Practice parameter for electrodiagnostic studies in carpal tunnel syndrome: 
summary statement. Muscle Nerve. 2002 Jun;25(6):918-22. doi: 10.1002/
mus.10185. PMID: 12115985.

5. Atroshi I, Gummesson C, Johnsson R, Ornstein E. Diagnostic properties of 
nerve conduction tests in population-based carpal tunnel syndrome. BMC 
Musculoskelet Disord. 2003 May 7;4:9. doi: 10.1186/1471-2474-4-9. Epub 
2003 May 7. PMID: 12734018; PMCID: PMC156649.

6. Werner RA, Andary M. Electrodiagnostic evaluation of carpal tunnel syndrome. 
Muscle Nerve. 2011 Oct;44(4):597-607. doi: 10.1002/mus.22208. PMID: 
21922474.

7. Cartwright MS, Hobson-Webb LD, Boon AJ, Alter KE, Hunt CH, Flores VH, 
Werner RA, Shook SJ, Thomas TD, Primack SJ, Walker FO; American 
Association of Neuromuscular and Electrodiagnostic Medicine. Evidence-
based guideline: neuromuscular ultrasound for the diagnosis of carpal tunnel 
syndrome. Muscle Nerve. 2012 Aug;46(2):287-93. doi: 10.1002/mus.23389. 
PMID: 22806381.

8. Rivlin M, Kachooei AR, Wang ML, Ilyas AM. Electrodiagnostic Grade and Carpal 
Tunnel Release Outcomes: A Prospective Analysis. J Hand Surg Am. 2018 
May;43(5):425-431. doi: 10.1016/j.jhsa.2017.12.002. Epub 2018 Feb 1. PMID: 
29396311.

9. Fowler JR, Gaughan JP, Ilyas AM. The sensitivity and specifi city of ultrasound 
for the diagnosis of carpal tunnel syndrome: a meta-analysis. Clin Orthop Relat 
Res. 2011 Apr;469(4):1089-94. doi: 10.1007/s11999-010-1637-5. Epub 2010 
Oct 21. PMID: 20963527; PMCID: PMC3048245.

10. Roll SC, Case-Smith J, Evans KD. Diagnostic accuracy of ultrasonography 
vs. electromyography in carpal tunnel syndrome: a systematic review of 
literature. Ultrasound Med Biol. 2011 Oct;37(10):1539-53. doi: 10.1016/j.
ultrasmedbio.2011.06.011. Epub 2011 Aug 6. PMID: 21821353.

11. Barcelo C, Faruch M, Lapègue F, Bayol MA, Sans N. 3-T MRI with diffusion 
tensor imaging and tractography of the median nerve. Eur Radiol. 2013 
Nov;23(11):3124-30. doi: 10.1007/s00330-013-2955-2. Epub 2013 Jul 7. 
PMID: 23832318.

12. Brienza M, Pujia F, Colaiacomo MC, Anastasio MG, Pierelli F, Di Biasi C, Andreoli 
C, Gualdi G, Valente GO. 3T diffusion tensor imaging and electroneurography 
of peripheral nerve: a morphofunctional analysis in carpal tunnel syndrome. 
J Neuroradiol. 2014 May;41(2):124-30. doi: 10.1016/j.neurad.2013.06.001. 
Epub 2013 Jul 17. PMID: 23870213.

13. Levine DW, Simmons BP, Koris MJ, Daltroy LH, Hohl GG, Fossel AH, Katz JN. A 
self-administered questionnaire for the assessment of severity of symptoms 
and functional status in carpal tunnel syndrome. J Bone Joint Surg Am. 
1993 Nov;75(11):1585-92. doi: 10.2106/00004623-199311000-00002. PMID: 
8245050.

14. Huisstede BM, Fridén J, Coert JH, Hoogvliet P; European HANDGUIDE Group. 
Carpal tunnel syndrome: hand surgeons, hand therapists, and physical 
medicine and rehabilitation physicians agree on a multidisciplinary treatment 
guideline—results from the European HANDGUIDE Study. Arch Phys Med 

Rehabil. 2014 Dec;95(12):2253-63. doi: 10.1016/j.apmr.2014.06.022. Epub 
2014 Aug 12. PMID: 25127999.

15. Pourmemari MH, Shiri R. Diabetes as a risk factor for carpal tunnel syndrome: 
a systematic review and meta-analysis. Diabet Med. 2016 Jan;33(1):10-6. doi: 
10.1111/dme.12855. Epub 2015 Aug 18. PMID: 26173490.

16. Rosario NB, De Jesus O. Electrodiagnostic evaluation of carpal tunnel 
syndrome. 2021. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2021

17. Pratelli E, Pintucci M, Cultrera P, Baldini E, Stecco A, Petrocelli A, Pasquetti P. 
Conservative treatment of carpal tunnel syndrome: comparison between laser 
therapy and Fascial Manipulation(®). J Bodyw Mov Ther. 2015 Jan;19(1):113-
8. doi: 10.1016/j.jbmt.2014.08.002. Epub 2014 Aug 11. PMID: 25603750.

18. Martins RS, Siqueira MG. Conservative therapeutic management of carpal 
tunnel syndrome. Arq Neuropsiquiatr. 2017 Nov;75(11):819-824. doi: 
10.1590/0004-282X20170152. PMID: 29236827.

19. Cobb TK, An KN, Cooney WP, Berger RA. Lumbrical muscle incursion into the 
carpal tunnel during fi nger fl exion. J Hand Surg Br. 1994 Aug;19(4):434-8. doi: 
10.1016/0266-7681(94)90206-2. PMID: 7964093.

20. Cobb TK, An KN, Cooney WP. Effect of lumbrical muscle incursion within 
the carpal tunnel on carpal tunnel pressure: a cadaveric study. J Hand Surg 
Am. 1995 Mar;20(2):186-92. doi: 10.1016/S0363-5023(05)80005-X. PMID: 
7775749.

21. Casale R, Damiani C, Maestri R, Wells CD. Pain and electrophysiological 
parameters are improved by combined 830-1064 high-intensity LASER in 
symptomatic carpal tunnel syndrome versus Transcutaneous Electrical Nerve 
Stimulation. A randomized controlled study. Eur J Phys Rehabil Med. 2013 
Apr;49(2):205-11. Epub 2012 Jul 20. PMID: 22820819.

22. Tascioglu F, Degirmenci NA, Ozkan S, Mehmetoglu O. Low-level laser in 
the treatment of carpal tunnel syndrome: clinical, electrophysiological, and 
ultrasonographical evaluation. Rheumatol Int. 2012 Feb;32(2):409-15. doi: 
10.1007/s00296-010-1652-6. Epub 2010 Dec 1. PMID: 21120497.

23. Povedano M, Martínez Y, Tejado A, Arroyo P, Tebe C, Lorenzo JL, Montero J. 
Observational pilot study of patients with carpal tunnel syndrome treated with 
Nucleo CMP Forte™. Pain Manag. 2019 Mar 1;9(2):123-129. doi: 10.2217/pmt-
2018-0050. Epub 2018 Nov 19. PMID: 30451573.

24. Holmes J. Carpal Tunnel Syndrome-2019 Clinical Practice Guidelines for Hand 
Pain and Sensory Defi cits. https://physicaltherapyfi rst.com/blog/2021/04/05/
carpal-tunnel-syndrome-2019-clinical-practice-guidelines-for-hand-pain-and-
sensory-defi cits/

25. Zaralieva A, Georgiev GP, Karabinov V, Iliev A, Aleksiev A. Physical Therapy 
and Rehabilitation Approaches in Patients with Carpal Tunnel Syndrome. 
Cureus. 2020 Mar 3;12(3):e7171. doi: 10.7759/cureus.7171. PMID: 32257712; 
PMCID: PMC7117610.

26. Lutskanova S, Troev T, Zalalieva A. Modern physical methods for treatment of 
carpal tunnel syndrome. Cont Med Prob. 2016; 1:41-43.

27. Park JS, Park D. Effect of Polydeoxyribonucleotide Injection in a Patient With 
Carpal Tunnel Syndrome. Am J Phys Med Rehabil. 2018 Oct;97(10):e93-e95. 
doi: 10.1097/PHM.0000000000000901. PMID: 29373371.

28. Gordon T, Amirjani N, Edwards DC, Chan KM. Brief post-surgical electrical 
stimulation accelerates axon regeneration and muscle reinnervation without 
affecting the functional measures in carpal tunnel syndrome patients. Exp 
Neurol. 2010 May;223(1):192-202. doi: 10.1016/j.expneurol.2009.09.020. 
Epub 2009 Oct 1. PMID: 19800329.

29. Deer TR, Levy RM, Rosenfeld EL. Prospective clinical study of a new 
implantable peripheral nerve stimulation device to treat chronic pain. Clin J 
Pain. 2010 Jun;26(5):359-72. doi: 10.1097/AJP.0b013e3181d4d646. PMID: 
20473041.


