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Abstract

Introduction: Carpal tunnel syndrome is a compressive neuropathy, frequently seen in women. Conservative 
treatment for carpal tunnel syndrome focuses on control of symptoms and the nervous path, due to the pos-
sibility of double compression. Objective: To assess whether a protocol with emphasis on motor control te-
chniques, including segmental cervical stabilization and neural mobilization, has better results in mechanical 
reorganization and reduction of symptoms when compared with classic therapeutic exercise techniques in 
the conservative treatment of carpal tunnel syndrome. Methods: This pilot study was a randomized, double-
-blind clinical trial, involving 11 women with an average age of 54 (± 6) years, allocated to either a classical 
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kinesiotherapy group (CG) or experimental group (EG). The intervention spanned 12 weeks, with assessments 
prior to and following therapy, using the monofilament test, handgrip dynamometer, and BCTQ, DASH, and 
PRWE questionnaires. All normally distributed data was analysed with Student’s T-tests. Results: Both groups 
exhibited an increase in grip strength and relief of symptoms with improved functionality. There was a signifi-
cant reduction in sensitivity noted in the CG group, and a significant increase in grip strength observed in the 
EG group. Conclusion: The experimental protocol group exhibited better results in mechanical reorganiza-
tion, reflected in increased strength, sensitivity, and improved functionality, when compared to the group with 
conventional therapeutic exercise, but without the same symptomatic reduction. 

Keywords: Carpal Tunnel Syndrome. Nerve Crush. Rehabilitation. 

Resumo

Introdução: Compreende a Síndrome do Túnel do Carpo (STC) uma neuropatia compressiva frequente em mul-
heres. No tratamento conservador, a ênfase é dada ao controle da sintomatologia e ao trajeto nervoso devido 
à hipótese de dupla compressão. Objetivo: Avaliar se um protocolo com ênfase nas técnicas de controle motor, 
constituído por estabilização segmentar cervical e mobilização neural, apresentam melhores resultados na 
reorganização mecânica e redução dos sintomas quando comparado com técnicas de cinesioterapia clássica. 
Métodos: Estudo piloto de um ensaio clínico randomizado duplo cego, em 11 mulheres, alocadas em Grupo 
Cinesioterapia clássica (GC), e Grupo Experimental (GE). A intervenção foi de 12 semanas, com avaliações no 
pré e pós, por meio da estesiometria, dinamometria de preensão palmar e aplicação dos questionários BCTQ, 
DASH e PRWE. Resultados: Ambos aumentaram a força de pinça com alívio da sintomatologia e melhora da 
funcionalidade. Houve diminuição da sensibilidade no GC e aumento significativo da força de preensão palmar 
no GE. Conclusão: O grupo do protocolo proposto apresentou melhores resultados na reorganização mecânica, 
com reflexo no aumento da força, da sensibilidade e melhora da funcionalidade, quando confrontado ao grupo 
com cinesioterapia convencional, porém sem o mesmo impacto para a redução dos sintomas.

Palavras-chave: Síndrome do Túnel Carpal. Compressão Nervosa. Reabilitação.

Introduction

Carpal tunnel syndrome (CTS) is a neuropathy 
commonly observed in women, whereby the median 
nerve suffers compression when passing through the 
carpal tunnel in the wrist (1). CTS accounts for ap-
proximately 90% of all compressive peripheral neu-
ropathies, and will affect 10 to 15% of the population 
at some point within their lifetime. Incidence of CTS 
has quadrupled over the past decade, occurring in ap-
proximately 3.4 new cases per thousand inhabitants, 
per year (2). Individuals suffering from this disorder 
have both nocturnal and daytime symptoms, mani-
festing as pain and numbness in the territory of the 
median nerve; including burning pain, numbness and 
sharp sensations related to oedema. With the evolu-
tion of compressive frame, the individual may suffer 
from mechanical disruption with severe sensory loss 
in the hands and atrophy of the thenar eminence, 
accentuating the reduction of hand strength, both of 
which can manifest as functional limitations (2, 3).

Conservative treatment for CTS emphasises con-
trol of symptoms with use of orthotics to preserve 
the carpal tunnel volume (4) and nervous path, a 
product of the hypothesis established by Upton and 
McComas (5), which suggests that axons that are 
suffering in a region are more likely to also suffer 
in another region. The hypothesis of double nerve 
compression speculates that the nerve undergoes 
an additional compression, beyond that caused by 
the carpal tunnel, in the cervical root, by disruption 
of bone architecture and biomechanics between the 
superficial and deep musculature of the region (6, 7). 
As a product of this, a need exists to establish a physi-
cal therapy protocol aimed at not only conventional 
CTS, but also the nerve root.

Motor control techniques and automation of re-
organization (8) appears as allied to the increment 
of physical therapy in CTS. Segmental stabilization, 
through deep isometric muscle contraction, in syn-
chronous with body weight support, aims to provide 
support to the spine and control segment, and to 
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promote functional stability of the region (9). Neural 
mobilization is a neurodynamic technique aimed at re-
storing the physiological function of the nerve, promot-
ing increased capillary blood flow and oxygen supply, 
which results in improved density of the axoplasmic 
flow and, consequently, nerve conduction (10, 11).

Therefore, the aim of this study was to identify a 
protocol that emphasises motor control techniques, 
consisting of segmental stabilization, cervical and 
neural mobilization. Further, we sought to identify 
whether this protocol would result in better mechani-
cal reorganization and reduction of symptoms, when 
compared with classic therapeutic exercise tech-
niques in the treatment of conservative CTS.

Methods

Study and sample characterisation

This pilot study was a randomized, double-blind 
clinical trial conducted between January and June 2015, 
including 15 women diagnosed with carpal tunnel syn-
drome who were submitted to conservative treatment. 
These individuals were enrolled from the orthopaedic 
department of the Clinic of the Universidade Federal 
do Triângulo Mineiro (UFTM). After clinical diagnosis, 
as established by the treating physician, patients were 
informed about the objectives and procedures to be 
performed, and, following agreement, signed the in-
formed consent (IC) form. This study was approved by 
the ethics committee of the UFTM, No. 923 826, and 
all participants voluntarily participated, as required by 
Resolution 466/12 of the National Health Council. Of the 
initial cohort, four were excluded due to abandonment 
of the medical and physical therapy, resulting in a final 
sample of 11 women.

Procedures

Evaluation

A single, trained examiner performed all evalu-
ations. Patient data, including name, age, dominant 
hand, education and employment status, as well as 
any history of dysfunction (including date of onset of 
symptoms, unilateral or bilateral involvement) were 
recorded. Subsequently, subjects were evaluated for 
sensitivity, strength, symptoms, and function.

Sensitivity was assessed using Semmes-
Weinstein monofilaments (12), produced by SORRI®. 
Five monofilaments, in combination with the three 
landmarks establishing the territory of the median 
nerve, were exploited as in the standardized evalu-
ation protocol proposed by Rosén and Lundborg 
(13). This was done to assess only the perception 
of touch sensitivity. Response sensitivity is graded 
by colour (green, blue, purple, red, pink and black), 
with numerals between zero and five corresponding 
to given colours; five for green, four for blue, three 
for lilac, two for red, one for the pink and zero for 
black. Three locations, corresponding to the terri-
tory of the median nerve, were evaluated, with the 
final score ranging from 0 to 15. Those with a greater 
score exhibited better sensitivity (13).

For evaluating outcomes of both palmar and 
pinch pulp-to-pulp strength, grip and pinch gauge 
dynamometers (E-Link Kit, Biometrics®) were used. 
Individuals performed three maximal contractions, 
with a one-minute interval between contractions in 
order to avoid muscle fatigue. From this, a simple 
average was calculated (14). The handgrip dyna-
mometer was adjusted to the second resistance 
position, as to be appropriate for the assessment 
of female subjects (15). Patients were positioned 
with the shoulder adducted, arm near the trunk, the 
elbow flexed at 90 °, the forearm in a neutral posi-
tion and the wrist in slight extension (16).

Assessment regarding the symptoms and func-
tion of the upper limbs was performed using three, 
self-administered questionnaires: The Boston Carpal 
Tunnel Questionnaire (BCTQ), the Disabilities of the 
Arm, Shoulder and Hand (DASH), and the Patient 
Rated Wrist Evaluation (PRWE).

The BCTQ is a specific instrument for CTS, and 
aims to assess the severity of symptoms (BCTQ-
EGS) and functional status (BCT-EEF). The version 
used in this study was translated and validated by 
Campos et al. (17). Disabilities and functional limi-
tations affecting the upper limb were evaluated in 
greater detail by the DASH questionnaire, using the 
first module as translated and validated by Orfale et 
al. (18). Further, the PRWE questionnaire, as trans-
lated and validated by Rodrigues (19), was used to 
assess patient pain levels (PRWE-Pain) and degree of 
dysfunction (PRWE-Dysfunction) based on a gradu-
ated scale between 0 and 10 (20). The scores for each 
questionnaire were graded following the protocols 
established by the corresponding literature. 
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Randomization and blinding

Randomization was performed in the presence of 
all patients and the physiotherapy team, using fifteen 
envelopes distributed randomly on a table. Patients 
were directed to pick an envelope from the table in a 
random fashion, mark it with their name, and hand to 
a staff member, without opening. Inside each envelope, 
the assignment to either the classic kinesiotherapy 
group (CG) or experimental group (EG) was identi-
fied. Following the opening of envelopes, performed 
by a member responsible for allocation, the volunteers 
received information about the routine of intervention. 
Patients were unaware of the differences in treatment 
between the groups. To ensure double-blinding, the ex-
aminer was unaware of the composition of the groups 
before making final evaluations.

Intervention

Patients performed the treatment program for 12 
weeks, at a frequency of twice a week and duration of 
60 minutes per session. All treatment protocols were 
guided and accompanied by two previously trained 
staff members (called “instructors”). Treatment ses-
sions for both groups were performed at the same 
time, and on the same days, but in different rooms.

All patients received a static splint neutrally posi-
tioned, suitable for night use and intermittent or full 
daytime use, as a means to ameliorate the occurrence 
of paraesthesia symptoms (21).

The CG received a classic therapeutic exercise pro-
gram, consisting of stretching the active muscles in the 
neck and shoulder region, active exercises of the upper 
limbs with an exercise stick, stretching and strengthening 
of the flexor and extensors of the wrist and of the intrin-
sic hand muscles, and exercises to promote sensory re-
education, as recommended by Santos and Pereira (22).

In the EG, an exercise protocol was established 
(Figure 1, 2 and 3) based on motor control principles, 
as proposed in the model by Panjabi (23), charac-
terised with a tripod attention to the muscular sys-
tem, joint and peripheral nervous system. The focus 
was on segmental stabilization as a means of ensur-
ing functional mechanics without stress isometric 
activation of the cervical deep muscles. Further to 
this, neural mobilization of the median nerve and 
neuro-axis was performed in order to regulate the 
axoplasmic flow and, therefore, the supply of blood 
and oxygen, thereby improving the nerve conduction 

(9, 10). Additional exercises included: cervical myo-
fascial release, relaxation and activation of the sta-
bilizing muscles of the shoulder girdle, sensory re-
education techniques, tendon gliding of superficial 
and deep flexors of the fingers, isometric 6-second 
activations of the intrinsic muscles of the hand, and 
circular movements with a ball of foam under the mo-
tor territory of the median nerve to promote heating 
and increased blood flow.

Figure 1 - (A) Cervical myofascial release, (B) Scapular mo-
bilization, (C) Neural mobilization - median (D) Neural mobi-
lization - neuraxial.

A.

B.

C.

D.
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Statistical analysis

To evaluate the results of mechanical reorganiza-
tion, response variables were analysed: sensitivity, 
grip strength, pinch pulp-to-pulp force, and values 
from DASH and BCTQ-EEF questionnaires. To evalu-
ate the reduction of symptoms, outcomes were drawn 
from the PRWE-Pain and BCTQ-EEG questionnaires. 
Explanatory variables included the assessment (first 
and last) and group (control and intervention). The 
women’s characterization was done by the mean and 
standard deviation for age and relative frequency 
for the other qualitative variables (dominance, em-
ployment and educational activities). In analysis, only 
dominant hands were evaluated. Normality was in-
vestigated using the Shapiro-Wilk test and data evalu-
ations were submitted to descriptive and inferential 
analysis with a 5% significance level.

In the intra-group analysis, to compare dependent 
samples (initial assessment X final assessment of each 
group) we used Student's T-tests. For intergroup analysis, 
comparing the independent samples (CG X EG), the differ-
ence between values from the initial and final assessment 
were compared between groups using Student's T-tests 

Figure 2 - (A / B) Segmental Stabilization (C) Rhomboid and 
trapezium muscle activation, (D) Activation of the intrinsic 
hand muscles.

Figure 3 - (A) Massage of the motor territory of the median 
nerve, (B) Slip tendon.

A. A.

B. B.

C.

D.
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hands, all being treated conservatively, with an average 
dysfunction duration of 48 (± 30) months.

In the intragroup analysis, comparing the initial 
and final values for each variable, it can be seen that 
in the CG there was a decrease in the average values of 
sensitivity and grip strength, whereas in the EG both of 
these variables exhibited an increase. Results from the 
pinch pulp-to-pulp test were increased in both groups, 
most notably for EG, exhibiting an average increase of 
1 kgf. Regarding functional assessments (DASH and 
BTCQ-EEF) and reduction in symptoms (PRWE-Pain 
and BTCQ-EGS), results were positive for both groups, 
as represented by lower values (Table 1).

The average reduction in strength and sensitivity 
observed in the CG group reflects the decrease in grip 
strength in 3 (50%) women, while all of those from EG 
had increased grip strength and sensitivity. Five (83.4%) 
women in the CG had decreased sensitivity, with only 1 
from EG (20%) showing decreased sensitivity.

In the intragroup analysis, we observed a higher 
gain in grip strength and pinch for the EG, but this 
gain was not statistically significant. For most vari-
ables, the best results were found observed in the EG, 
but without statistical significance. When analysed 
the effect size it observed that for objective variables 
(measured by means of instruments) the effect size is 
greater than in the variables measured by question-
naires (Table 2).

for normally distributed variables and the Mann-Whitney 
U-test for non-normally distributed variables.

In order to present an objective measure to quantify 
the magnitude of the treatment effect (Effect Size) we 
calculated the coefficients d Cohen (Cohen's d) for both 
the primary outcome (grip strength) and secondary out-
comes in the analysis for independent samples (CG X EG).

Further, a statistical power was calculated for 
the primary outcome (grip strength) and 5% sig-
nificance level. The statistical power achieved was 
15.6%. Considering that this study was a pilot, if the 
observed difference between groups were to remain 
similar, the sample size to achieve a power of 80% is 
expected to be 39 patients per group.

In order to determine whether the PRWE and 
DASH evaluation tools are as sensitive to carpal 
tunnel syndrome as the BCTQ it was performed the 
Pearson correlation test. 

Results

The sample consisted of 11 women with an average 
age of 54 (± 6) years, of which 6 made up the CG and 5 the 
EG. They were withdrawn from work were 63.6%. And 
45.4% had completed elementary education degree. All 
volunteers had right dominance, and of these, 10 (90.9%) 
were diagnosed with carpal tunnel syndrome in both 

Table 1 - Mean values and standard deviations of the variables analysed and P values in the intra-group analysis

Theoretical
variables

Operating
variables

Classic therapeutic kine-
siotherapy group (CG)

P value (CG)
evaluation

Experimental group
(EG)

P value (EG)
evaluation 

IEV FEV IEV X FEV IEV IEV IEV X FEV

Mechanical 
reorganization

Sensitivity 12.8 (±1.9) 10.8 
(± 2.3) 0.04* 10.6 (± 5.2) 11.2 (± 3.6) 0.63

Grip strength 19.4
 (± 8.4)

19.1 
(± 7.7) 0.53 20.5 (± 4.3) 22.4 (± 3.9) 0.002*

Pinch pulp-to-
pulp

2.7 
(± 1.6)

2.9 
(± 0.8) 0.62 3.3 

(± 0.8)
4.3 
(± 1.5) 0.05

BCTQ - EEF 3.1 
(± 0.6)

2.6 
(± 0.8) 0.13 3.4 

(± 0.3)
3.1 
(± 0.9) 0.56

DASH 52.4 
(± 14.1)

42.2
 (± 14.4) 0.26 64.8 (± 8.2) 50.7 (± 28.2) 0.23

Reduction of 
symptoms

BCTQ - EGS 3.3 
(± 0.5)

2.5 
(± 0.9) 0.0006* 3.2 

(± 0.3)
2.7 
(± 1.3) 0.38

PRWE-Pain 37.3 
(± 11.2)

32.8 
(± 10.6) 0.24 36.6 (± 10.6) 34.4 (± 19.6) 0.77

Note: BCTQ-EGS = Boston Carpal Tunnel Questionnaire – Questionnaire - Symptom Severity Scale; PRWE-Pain = Patient Rated Wrist Evalu-

ation – Pain; BCTQ-EEF = Boston Carpal Tunnel Questionnaire – Functional Status Scale; DASH = Disabilities of the Arm, Shoulder and Hand. 

IEV = Initial Evaluation; FEV = Final Evaluation; *Significant at p > 0,05 in Student’s t- test.
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Table 2 - Average values, standard deviations, confidence interval limits of the variables analysed and P values and Co-
hen's d in the intergroup analysis

Theoretical
variables

Operating
variables

Difference 
between Confidence interval

P value
group

CG X EG
Cohen’s d

Effect 
magni-

tude
FEV and 

IEV
Inferior 

limit
Upper 
bound

Average 
(SD)

Mechanical 
reorganization

Sensitivity CG -2.0     
(± 1.79) -3.88 -0.12 0.08 1.21 Large

EG 0.60   
 (± 2.60) -2.64 3.84

Grip strength CG -0.30   
(± 4.65) -5.18 4.58 0.36 0.89 Moderate

EG 1.90 
(± 0.65) 1.09 2.70

Pinch pulp-
to-pulp CG 0.23 

(± 1.27) -1.10 1.57 0.63 0.70 Large

Reduction of 
symptoms

EG 0.98  
(± 0.81) -0.03 1.99

BCTQ – EEF CG -0.52   
(± 0.97) -1.54 0.50 0.75 0.29 Small

EG -0.25  
 (± 0.88) -1.35 0.84

DASH CG -10.13 
(± 19.66) -30.77 10.49 0.76 0.19 Insignificant

EG -14.17 
(± 22.85) -42.53 14.20

BCTQ – EGS CG -0.79  
 (± 0.43) -1.23 0.34 0.59 0.37 Small

EG -0.51   
(± 1.17) -1.96 0.95

PRWE-Pain CG -4.5   
  (± 6.22) -11.08 2.03 0.64 0.22 Small

EG -2.20 
  (± 16.16) -22.27 17.87

Note: BCTQ-EGS = Boston Carpal Tunnel Questionnaire – Questionnaire - Symptom Severity Scale; PRWE-Pain = Patient 
Rated Wrist Evaluation – Pain; BCTQ-EEF = Boston Carpal Tunnel Questionnaire – Functional Status Scale; DASH = Disabili-
ties of the Arm, Shoulder and Hand. IEV = Initial Evaluation; FEV = Final Evaluation; Compared CGXEG, the variable difference 
between the initial and final grip strength, not normally distributed, and thus investigated with the Mann-Whitney U-test. For 

With respect to results from the questionnaires, 
there was improvement in aspects related to pain and 
upper limb function for both groups. Questionnaires 
were compared in symptom (BCTQ-EGS and PRWE-
Pain) and function modules (BCTQ-EEF and DASH), 
through the Pearson correlation coefficient, consid-
ering only the initial time, prior to interventions, 
to ensure homogeneity between the groups. For 
symptoms, there was a weak correlation (R = 0.22) 
between the scores from BCTQ-EGS and PRWE-Pain 
questionnaires. However, functionality exhibited a 
strong correlation (R = 0.79), when comparing the 
BCTQ-EEF and DASH questionnaires.

Discussion

This study hypothesised that a physical therapy 
approach using a focused strategy, not only for symp-
toms and distal peripheral compression, but empha-
sising the importance of the entire nerve pathway 
from its origin, carried out with cervical segmental 
stabilization techniques and neural mobilization, 
would result in faster nerve recovery, minimizing 
functional deficits caused by disease progression.

A number of literature sources report on stretch-
ing of the flexor and extensor muscles of the wrist 
for individuals with CTS (22, 24), accentuating the 
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was three, inferring that a reduction in sensitivity 
was related only to preserving the ability to prevent 
injury. When considering the results presented for 
EG, we note that the exercises aimed at mobilization 
of the wrist, such as neural mobilization and tendon 
slip of the flexor muscles of the fingers, tended to im-
prove sensitivity in the territory of the median nerve, 
reduce symptoms and improve function. We propose 
that this may be explained by an improvement in 
nerve conduction, achieved by increasing the ner-
vous axoplasmic flow and decreasing compression 
in the carpal tunnel. Seradge, Jia, and Owens (29), 
surgically engaged a catheter to a blood pressure 
measurement transducer inside the carpal tunnel, 
and found that the pressure of this region decreases 
after one minute of active and intermittent move-
ment of the wrist and fingers, and remains reduced 
for more than 15 minutes following completion of 
these movements. Thus, mobilization of the wrist 
with scheduled and guided exercises in CTS patients 
can result in reduced pressure in the tunnel, reduc-
tion of local oedema by improving venous return, 
a decrease in the contact area between the median 
nerve and the transverse ligament, and an improve-
ment in blood flow and oxygenation of the neural 
tissue and adjacent tissues (30).

The reduction in grip strength and pinch in those 
with CTS may be explained by a decrease in action 
potentials fired by the nerve in the motor plate, re-
sponsible for muscle contraction, as a result of nerve 
compression process, resulting in atrophy of the the-
nar eminence and characteristic chronic compres-
sive diseases (31, 32). The effectiveness of surgical 
treatment using median nerve decompression with a 
palmar incision is widely discussed in the literature. 
Some authors have studied the efficacy of surgical 
procedures in relation to hand strength (33). In other 
research, the impact of surgical decompression was 
examined with respects to outcomes in hand strength 
(34) and the return of grip strength from baseline, 
with positive outcomes observed three months post-
operatively and substantial increases over a period 
of 2 years following surgery (35). However, there are 
no studies addressing outcomes in hand strength fol-
lowing physical therapy intervention in patients cur-
rently under conservative treatment for CTS. Maciel 
et al. (36) examined the efficacy of neural mobiliza-
tion of the median nerve in 10 healthy women and 
identified increases in peak grip strength and muscle 
recruitment in the wrist flexors and fingers, following 

physiological effect of increased local blood flow that 
promotes a decrease in the inflammatory process, 
with possible reduction of tension and compression 
of structures inside the carpal tunnel, reducing pain 
and paraesthesia (25). However, Ellui et al. (26), 
noted that the normal pressure within the carpal 
tunnel is approximately 2.5 mmHg and 3.0 mmHg 
for increases during flexion or full extension of the 
wrist, respectively, and that in patients with CTS, this 
pressure is normally around 90 mmHg. When the 
interstitial pressure exceeds normal values, the capil-
lary blood flow is reduced below the level required 
to maintain axoplasmic flow, resulting in impaired 
nerve conduction and exacerbation of symptoms 
(6). Sustained stretching, besides increasing pres-
sure within the carpal tunnel, continues to generate 
tension on a nerve that is in distress by trapping. As 
an example, specific tests for CTS involve stretching 
of the median nerve, such as the neural provocation 
of the median nerve test (10) and tests developed 
by Phalen (27). However, with consideration for the 
pathophysiological reasoning of nerve compression 
in the carpal tunnel, indiscriminate use of stretch-
ing for the wrist flexors and extensors is not recom-
mended for individuals with CTS.

The significance of highlighting the nerve root, 
with activation of the deep neck muscles as a means 
of manipulating the spacing of the intervertebral fo-
ramina, was established by O'Leary et al. (28), who 
reported that, when the neck muscles fail to perform 
appropriately, the head increases its weight by 20% 
under the cervical vertebrae, resulting in a decrease 
in the spacing of the intervertebral foramina, and thus 
nervous clamping. Importantly, the cervical spine is 
characterised by a region of extreme motor function, 
and the superficial cervical muscles are crucial for 
maintaining the orientation of the head relative to the 
chest and your move, as deep musculature is more 
inherently involved in active support, such as that re-
lated to positioning of the vertebrae and maintenance 
of cervical angle (28). As a result, the main compo-
nent of the treatment program for the experimental 
group was structured around stabilizing the cervical 
segment associated with the mobilization of the me-
dian nerve, as proposed in the Panjabi model (23).

In this study, a significant decline in sensitivity 
in the territory of the median nerve was observed 
in the CG, when comparing initial and final assess-
ments. However, no volunteer had a considerable loss 
of sensation, and the lowest score in either group 
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functionality when faced to group with conventional 
kinesiotherapy, without the same impact on reducing 
symptoms. We believe that this pilot study is a first step 
in future research with a larger number of subjects, to 
elucidate the complexity of peripheral nerve, at both dis-
tal and proximal ends, and eventually a physical therapy 
protocol that adequately matches this complexity.
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