
Introduction 
Carpal tunnel syndrome (CTS) is one of the most 
common upper limb compression neuropathies.1 It 
has a prevalence of 3.7% to 5.8% when diagnosed 
clinically and neuro-physiologically in the general 
population.2 Risk factors commonly known for CTS 
include repeated use of the hand and wrist, aging, 
obesity, pregnancy, acromegaly, amyloidosis, diabetes 
mellitus, kidney diseases, trauma, osteoarthritis and 
thyroid diseases.3  

Women, especially middle-aged women, are more 
susceptible to CTS with a 70% incidence rate, and it is a 
common problem during pregnancy.4 CTS in pregnancy 
is reportedly 63% in the third trimester, and about 47% 

have bilateral CTS.5 

The earliest symptom of CTS is hand numbness and / or 
tingling6. These symptoms occur especially on the palmar 
face of the second finger and on the palmar face of the 
thumb and the radial face of the middle finger, the ring 
finger, and the index finger. These symptoms do not 
occur in palm. The reason for this is that the branches of 
the median nerve innervating the palms are separated 
before entering the tunnel. 

In CTS, paraesthesia develops early in the sleeping period, 
but develops later in the day. During the day, hand-made 
activations (dishwashing, knitting) trigger paraesthesia 
and pain symptoms.7 

In patients with CTS, the result of median nerve 
compression in one or both wrists usually results in pain, 
tingling sensation, numbness and weakness that worsen 
at night, especially in the first three fingers.8  

The aetiology of CTS due to pregnancy is not fully 
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understood. In general, hormonal changes and 
pressure-enhancing oedema in the carpal tunnel have 
been suggested as contributing factors to the 
development of CTS.9  

The diagnosis of CTS is made by anamnesis, clinical 
symptoms, physical examination findings and support 
of these findings with electro-rheological tests. In order 
to diagnose CTS and to detect the severity of the 
disease, it is suggested to use electro-diagnostic 
tests.10 

For the clinical diagnosis of CTS, provocative tests, 
such as Tinel test, Phalen's test, Reverse Phalen's and 
Durkan's Carpal Compression test, are used which are 
some of the special clinical examination methods. The 
purpose of the provocative tests is to detect 
symptoms by increasing inter-carpal pressure. In Tinel 
test, paralysis of the median nerve distribution with 
applied percussion on the wrist distal limb is 
considered positive. However, when percussion is 
applied, it should be done gently. The reason is that 
symptoms may occur with severe percussion on the 
normal median nerve. The average sensitivity of this 
test varies 23-60% and the specificity varies 64-80%.11 
In Phalen's test, the presence of symptoms in the 
median nerve dermatome with the wrist active in the 
full flex for one minute is considered positive.11 In the 
Reverse Phalen's test, hand, wrist and palms are placed 
in 90-degree extension to look at each other. As in the 
Phalen's test, the appearance of symptoms in the 
median nerve dermatome is considered positive.11 In 
Durkan's Carpal Compression test, the examiner's 
thumb is pressed on the median nerve with the 
thumbs of both hands for 30 seconds. Evaluation is 
like in the Phalen's test. The mean sensitivity and 
specificity of the test for CTS were 64% and 83%, 
respectively.12  

There are various treatment options for patients with 
CTS, depending on various factors, such as the stage of 
the disease, the severity of the symptoms and the 
preferences of the patient. Conservative treatment 
options are used as first-line treatment in mild-to-
moderate CTS cases because of the high likelihood of 
improvement in postpartum period. These include 
physical therapy (PT) interventions, splint, nerve and 
tendon slip exercises, acupuncture, low-level laser. 
Surgical treatment is performed in patients with severe 
CTS and in patients with conservative treatment failures. 
However, surgical treatment should not be used for 
postpartum patients.13  

There is very little study of the efficacy of nerve and 

tendon-shifting exercises on pregnancies.  

The current study was planned to evaluate the 
effectiveness of the home exercise programme in 
pregnant women with CTS. 

Patients and Methods 
The randomised, single-blind, controlled clinical study 
was conducted at Vakif University School of Medicine, 
Istanbul, Turkey, From December 2017 to June 2018 and 
comprised pregnant women with CTS. 

Permission was obtained from the institutional ethics 
committee decision was taken from the clinical 
research ethics committee with the document 
number 9671 and NCT03718598. Informed consents 
were obtained from each patient. Those included had 
symptoms of numbness, tingling, weakness and pain 
in the hands for at least 1 month, assessed through 
provocation tests and physical examination to match 
the median nerve distribution. Clinical evaluation of 
each patient was performed by a blind researcher and 
EMG measurements were performed by another blind 
researcher. Before the patients were included in the 
study, it was not known which group they would be 
included in. Patients were divided into two groups 
according to EMG results after inclusion. Patients 
were divided into two groups with normal and (mild 
or moderate) CTS based on EMG results and clinical 
examination. Patients with symptoms, clinical signs 
and CTS in EMG were included in group 1, while 
patients whose symptoms and clinical evaluation 
(such as Tinel, Phalen, Reverse Phalen and Durkan's 
test) were positive but not CTS in EMG were included 
in group 2. Exercise forms were given to both groups 
and they were asked to perform the exercises stated 
in the form in 3 sets each day and 10 repetitions in 
each set. 

Those excluded were patients who had previously 
undergone carpal tunnel surgery, or had a history of 
gestational diabetes mellitus (GDM), eclampsia, 
preeclampsia, thyroid disorders, arthropathies, hand 
or wrist trauma, bilateral fractures, severe CTS with 
atrial fibrillation (AF), cervical radiculopathy or 
peripheral neuropathy, other aetiological causes, 
thoracic outlet syndrome, diabetes mellitus, 
hypothyroidism, hyperthyroidism, rheumatological 
diseases. 

Patients who had pain and numbness problems at the 
hands reporting to the Bezmiâlem Vakif University 
Polyclinic for Women and Obstetrics were directed to 
the Bezmiâlem Vakif University Physical Therapy 



Rehabilitation Polyclinic. After the examination and 
clinical testing of each patient through Tinel, Phalen's, 
Reverse Phalen's and Durkan's Carpal Compression 
tests, the patients were directed to Bezmiâlem Vakif 
University Neurology Polyclinic. Based on EMG results 
and clinical examination, those with mild and 
moderate CTS were placed in group 1, while normal 
subjects were placed in group 2. A disease exercise 
form was distributed among all the patients to do 
exercises. 

All electro-diagnostic tests were performed using an 
electro-neuromyography device (Medtronic, 
Skovlunde, Denmark) at 25°C room temperature while 
the patient was lying in supine position. Motor and 
sensory nerve conduction studies were performed in 
the median nerve. The measurements of the median 
nerve sensory distal latency, sensory amplitude, 
sensory nerve conduction velocity, motor latency, 
motor amplitude and motor nerve conduction velocity 
were performed using standard techniques. Composite 
muscle action potentials were recorded from the 
abductor pollicis brevis muscle induced by 
supramaximal electrical stimulation of the median 
nerve at 8cm on the recording electrode. Antidromic 
sensory latency and sensory nerve conduction studies 
were performed at a distance of 14cm from the second 
step wrist point.14 In line with the American electro-
diagnostic medical diagnostic criteria, and assessed 
using the Boston Carpal Tunnel Syndrome 
Questionnaire (BCTSQ), those with median nerve 
motor distal latency (MDL) normal and sensory nerve 
conduction rate (SNCR) slowed (<42m/sec) were 
considered mild. SNCR slowed and \with MDL 
prolongation (>4.2ms) were considered moderate CTS. 
Patients with MDL >6ms were excluded.  

The intervention comprised tendon and nerve gliding 
exercises. The tendon slip exercises were performed in 
five different positions; flexion, flat, hook, punch, 
table-top and flat-punch. Nerve-gliding exercises were 
performed by moving the fingers and wrists in six 
different positions, focussing on the median nerve 
consisting of the disease grip, finger lengthening, 
wrist extension, thumb extension, forearm supination 
and gentle gait. Written and verbal instructions were 
given to make 10 sets of exercises in 3 sets in order to 
have exercises for all patient's tendons and nerve-
shifting exercises. In the exercise set recommended 3 
times a day, each exercise was asked to do 10 
repetitions. In the tendon shift exercises, to make wrist 
extension when the fingers are in the hook holding 
position, to make wrist flexion when the fingers are 

loose, to make a full punch, to make a half-punch 
when the distal interphalangeal (DIF) joints are in 
extension, to make the table top position (MKP joints 
flexed, interfalangeal joints in extension), distal, 
proximal and MKP is made to flex the joint as isolated. 
The hand is held in the position for 5 seconds. In 
median nerve shifting exercises, also called neural 
mobilization, the fingers are extended to the wrist in 
neutral position and the wrist and fingers to the 
extension in the neutral position. In the forearm 
supination, the thumb is stretched with the wrist 
extended. Brochures were also provided explaining 
the exercises. 

During routine pregnancy examination, patients 
were asked whether they had exercised at home or 
not. Patients without exercise compliance were 
excluded. 

The BCTSQ form was administered face-to-face, and the 
patients were evaluated before the intervention and 1 
month after having given birth. 

The BCTSQ consists of two parts; Boston Symptom 
Severity Scale (BSSS) and the Boston Functional 
Capacity Scale (BFCS). BSSS consists of 11 questions for 
symptoms. In each question there are five different 
answers with scores between 1 and 5. The average 
score was obtained by dividing the total score by the 
number of questions. High score indicates severe 
symptom. BFCS consists of 8 questions for functional 
capacity. Again, there are five different answers in each 
question, ranging from 1 to 5.  The average score was    
obtained by dividing the total score by the number of 
questions. High score indicates decrease in functional 
capacity. The questionnaire has been validated and 
tested for Turkish society.15,16 

Data was analysed using SPSS 22. The sample size was 
calculated with type 1 error and power of the test set 
at 90%. Power analysis was done on the basis of 
literature.17 Normal distribution of continuous 
numerical variables was investigated by Shapiro Wilk 
test. The results of the numerical variables were 
expressed as mean±standard deviation (SD). Non-
parametric tests were used because the intergroup 
comparisons did not show normal distribution. Mann-
Whitney U test for continuous variables, and Chi-
square test or Fisher's exact test for categorical 
variables was used to compare the data to determine 
the significance between the groups. The Wilcoxon 
test was used to analyse the significant association 
between pre-treatment and post-treatment values 
within the group. The significance limit for all statistics 
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was determined as p<0.05.  

Results 
Of the 33 subjects, 19(57.6%) were in patient group 1 
and 14(42.4%) in control group 2. The overall mean age 
of the sample was 28.4±3.62 years. In group 1, 16(84%) 
subjects were in the third trimester (p<0.05). There was 
no significant difference between the groups with 
regards to age, body mass index (BMI), number of 
pregnancies, education, socio-economic status and 
smoking Table-1). 

Group 1 had 16(84%) patients with indole pain and 
18(95%) with indole paraesthesia. There were no 
significant differences between the groups in terms of 
symptoms such as pain, paraesthesia, weakness and 
incompetence, and with respect to all the clinical tests 
(p>0.05 each). The BSSS score was significantly high in 
group 1 (p=0.009). BFCS was high in group 1, but there 
were no statistical differences between the groups 
(Table-2). 

All the cases completed the exercise programme and 
their BSSS and BFCS scores were significant (p<0,001 and 

p=0.001). In group 2, statistically significant decrease was 
seen in BSSS score only (p=0,013). There was no 
statistically significant difference between the groups in 
terms of scores after the intervention (Table-3). 
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Table-1: Significance levels of the difference between the demographic data of participants with and without carpal tunnel syndrome (CTS). 
 
                                                                                                                   Group 1 (n:19)                                                                                            Group 2 (n:14)                                                                       p 
                                                                                          n(%)                                                   mean±SD                                               n(%)                                          mean±SD 
 
Age*                                                                                                                                               28,4±3.62                                                                                                      28,8±4.67                                         0,680 
BMI *                                                                                                                                                28,9±3,2                                                                                                        28,7±4,2                                          0,716 
Number of pregnancies *                                                                                                           1,9±1,2                                                                                                          2,1±1,4                                           0,815 
Pregnancy week **                                                                                                                                                                                                                                                                                                           0,004 
2.TM                                                                                  3(16)                                                                                                                        9(64)                                                                                                               
3.TM                                                                                 16(84)                                                                                                                       5(36)                                                                                                               
Education                                                                                                                                                                                                                                                                                                                              0,357 
Primary school                                                              10(53)                                                                                                                       4(29)                                                                                                               
High school                                                                     7(37)                                                                                                                        7(50)                                                                                                               
High education                                                              2(11)                                                                                                                        3(21)                                                                                                               
Socio-economic level **                                                                                                                                                                                                                                                                                                  0,665 
Low                                                                                    8(42)                                                                                                                        5(36)                                                                                                               
Moderate                                                                        10(53)                                                                                                                       7(50)                                                                                                               
High                                                                                    1(5)                                                                                                                         2(14)                                                                                                               
Cigarette***                                                                                                                                                                                                                                                                                                                        0,698 
Yes                                                                                     6(32)                                                                                                                        3(21)                                                                                                               
No                                                                                     13(68)                                                                                                                      11(79)                                                                                                             
Alcohol                                                                                                                                                                                                                                                                                                                                         
Yes                                                                                         -                                                                                                                              1(7)                                                                                                                
No                                                                                           -                                                                                                                           13(93)                                                                                                             
Which asset to acquire                                                                                                                                                                                                                                                                                                           
Single                                                                               10(53)                                                                                                                            -                                                                                                                   
Bilateral                                                                            9(47)                                                                                                                             -                                                                                                                   
BSSS *                                                                                                                                               2,8±0,9                                                                                                            2±0,7                                             0,009 
BFCS *                                                                                                                                               2,5±1,1                                                                                                              2±1                                               0,235 
 

* Mann-Whitney U test, ** Pearson Chi-Square, *** Fisher's Exact Test, BSSS: Boston Symptom Severity Scale score, BFCS: Boston Functional Capacity Scale score, SD: Standard deviation, TM: Trimester.

Table-2: Significance levels of the difference between symptoms of participants with 
and without carpal tunnel syndrome (CTS). 
 
                                                       Group 1 (n:19)                  Group 2 (n:14)                         p 
                                                                 n(%)                                      n(%) 
 
Ache*                                                                                                                                                0,12 
Yes                                                         16(84)                                     8(57)                                       
No                                                            3(16)                                       6(43)                                       
Paraesthesia **                                                                                                                             0,29 
Yes                                                         18(95)                                    11(79)                                     
No                                                              1(5)                                        3(21)                                       
Weakness**                                                                                                                                    1.00 
Yes                                                         13(68)                                     9(64)                                       
No                                                            6(32)                                       5(36)                                       
Incompetence*                                                                                                                              0,33 
Yes                                                         10(53)                                     5(36)                                       
No                                                            9(47)                                       9(64)                                       
 

*Pearson Chi-Square, **Fisher's Exact Test.



Discussion 
The study investigated the efficacy of tendon and nerve-
shifting exercises in pregnancies, and comprised 33 
pregnant women in the 2nd and 3rd trimesters. CTS 
patients were found to be significantly higher in the 3rd 
trimester. Patients put on exercise treatment were found 
to have fallen in BSSS and BFCS. Especially, in the BFCS, 
there was a significant decrease in the CTS group. 

During the course of the CTS surveys, various studies have 
advocated the conservative treatment of mild-moderate 
CTS cases.18 The current study had mild and moderate 
CTS patients. Patients with advanced CTS usually do not 
respond to conservative treatment. And, generally, 
surgical intervention is needed for these patients. 

After childbirth, there was a marked improvement in the 
symptoms of the hand which is a finding similar to other 
studies.19 However, the functional improvement in the 
study was more prominent in CTS patients. 

The BCTSQ administered to the patients is a highly 
reliable and responsive questionnaire for CTS. It is also an 
easy-to-use tool for evaluating CTS formation that occurs 
during pregnancy.20 BCTSQ assesses not only the 
presence of self-evident CTS symptoms, but also the 
severity and possible disability of hand function. It has 
been extensively tested and proven to have similar 
qualities as neurotransmission studies.21 Jarvik et al. 
reported an average of 2.81 points on the BSSS and 2.32 
points on the BFSS.22 In the current study, it was similarly 
found to be 2.8 on BSSS and 2.5 on BFSS. 

Liquid retention increases during pregnancy in all women 
and is consistent with normal physiological pattern during 
pregnancy. The weight-gain between 20th and 30th week 
of pregnancy is largely attributed to the increase in 
maternal fat deposits. After 30 weeks, an increase in 
extravascular fluid also leads to weight-gain.23 In the 
current study, CTS was found higher in the third trimester. 

Regarding the efficacy of nerve and tendon-slip exercises, 
the identification of the specific pathogenesis of CTS may 
be important in determining the actual efficacy of these 
exercises. Current evidence suggests that patients with 

CTS due to mechanical compression of the median nerve 
are more likely to benefit from such exercise.24 Nerve and 
tendon-slip exercises can relieve ischemic pain by 
contributing to the median transmission of oxygenated 
blood to the distal region of the wrist and the hand. For 
this reason, slip exercises are recommended in the 
conservative management of CTS.25  

A recent systematic review showed that treatment effect 
changes according to mobilisation techniques. It has also 
been shown that tendon and nerve-slip exercises alone 
have the same treatment effect as wrist orthosis. Previous 
research suggests that different approaches to median 
nerve mobilisation lead to different degrees of nerve 
activity.26 In the current study, after the exercise 
programme which was given to the patients, both the 
severity scales of the patients and the functional scales 
were clearly improved. 

Conclusion 
Nerve and tendon-slip exercises for patients with mild-
moderate CTS symptoms in the second and third 
trimester of pregnancy were found to be simple and 
reliable methods that can be applied to patients in order 
to increase the function of the patients and reduce the 
severity of the disease. 
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