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Abstract

Objective: The aim of this study was to investigate the effectiveness of carpal bone mobilization (CBM) and night splinting and to compare it with
night splinting as a control group in the treatment of Carpal Tunnel Syndrome (CTS).

Methods: In the single-blind (assessor) prospective randomised controlled trial, a total of 40 patients with mild to moderate CTS were diagnosed by
electroneuromyography (ENMG). In Group 1 (n=20), patients received CBM three times a week, total of 10 times, and used neutral volar wrist splint at
night for 3 weeks. Patients in Group 2 (n=20) used only neutral volar wrist splint at night for 3 weeks. All of the patients were assessed at baseline and
at the 3 month with respect to pain intensity using a numerical rating scale (0-10), handgrip and pinchgrip strength, functional status and symptom
severity using the Boston Carpal Tunnel Questionnarie (BCTQ), and ENMG measurements.

Results: There were improvements in all of the clinical variables, distal sensory latancy, and sensory nerve action potentials of the median nerve
in Group 1. In Group 2, there was improvement in only BCTQ symptom severity and night/day pain intensity at the 3 month. Improvement in
pinchgrip strength and BCTQ functional status were superior in Group 1 when compared to Group 2 at the 3™ month.

Conclusion: Both of the treatment modalities may be recommended for symptomatic relief. However, CBM combined with splinting may be a

better choice for functional and strength amelioration as a non-invasive alternative treatment modality in CTS.
Keywords: Boston carpal tunnel questionnarie, carpal bone mobilization, carpal tunnel syndrome, electoneuromyography, pain

Introduction

Carpal tunnel is an anatomical compartment in the wrist,
which includes the median nerve and flexor tendons inside, sur-
rounded by the carpal bones scaphoid, trapezium, and hama-
tum that form an arch. Thus, carpal tunnel syndrome (CTS) is
the entrapment neuropathy of the median nerve that causes
paresthesia, pain, numbness, and weakness of the flexor pollicis
brevis, opponens pollicis, and abductor pollicis brevis in the in-
nervation area of the median nerve because of its compression
in the wrist (1). Most of the patients experience pain at night

and have abnormal sensations. Shaking of the suffering hand
relieves the symptoms. Electrodiagnostic evaluation (electromy-
ography and nerve conduction velocity) can objectively reveal
the median nerve dysfunction (2,3). Prolonged terminal latancy
of sensory/motor nerve is found in most CTS hands, which is in-
fluenced by demyelination that results in conduction block and
slowing at the carpal tunnel (4). If electrodiagnostic evaluation
is normal, CTS may be considered either absent or mild.

Many options are available for the treatment of patients with
CTS, and the modality chosen depends on the severity of nerve
dysfunction (mild, moderate, or severe). The specific choice of
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therapy will also vary according to patient preference and avail-
ability. For patients with mild to moderate CTS, conservative
therapy is generally considered to be a reasonable first option
with successful outcomes ranging from 20% to 93% (5-7). One
review showed good results for splinting, ultrasound, nerve glid-
ing exercises, carpal bone mobilization, magnetic therapy, and
yoga for people with carpal tunnel syndrome (8). Combined
therapy may be more effective than the use of any single modal-
ity (8-10). However, a recent guideline produced by the Ameri-
can Academy of Orthopedic Surgeons assigned lower grades of
evidence to most of these treatments (11).

Many health professionals suggest wrist splinting at night as
an adjuvant treatment modality. There is limited evidence that
night splinting is more effective than no treatment in the short
term; however, there is inadequate evidence of the efficacy and
safety of one splint design over the others and combinations of
other non-surgical interventions for CTS (12).

The rationale of carpal bone mobilization (CBM) instead of
the unproven effects of the nerve gliding technique is that there
is limited but promising evidence regarding its efficacy.

CBM for radicarpal joint is a physical therapy technique that
includes moving the proximal row of carpal bones either dorsal-
ly to promote wrist extension or to the palmar side to promote
wrist flexion. There is limited data; however, a small unblinded
trial involving 21 people found that carpal bone mobilization
significantly decreased pain intensity after 3 weeks compared
with that of no treatment (12,13). However, there was no sig-
nificant benefit in hand function.

From the existing literature it is therefore considered that
CBM may help CTS patients who are interested in nonsurgi-
cal treatments. However, lack of literature in this area requires
structured research in CTS patients. Thus, in this randomized
controlled trial, treating effects of carpal bone mobilization
combined with night splinting is studied and compared with
night splinting as the control group.

Material and Methods

Patients

In this randomized controlled 3-month follow-up study, 52
patients suffering from numbness, parestesia, and dysesthesia
in the innervation area of the median nerve were assessed; 40
patients were electrodiagnosed to be concordant with the inclu-
sion criteria, and they were randomly assigned into two groups.
The inclusion criteria were as follows: CTS symptom:s for at least
3 months with electrodiagnostic confirmation of mild to mod-
erate nerve dysfunction, not undergoing physical and manual
therapies, and no history of administration of steroid injections
or drugs for neuropathic pain during this period. Exclusion cri-
teria were as follows: previous or existing wrist fractures, recent
surgical treatment relevant to CTS, presence of thenar atrophy,
wrist deformity, diabetes mellitus, hypothyroidy, pregnancy, on-
cologic/ infectious disorders, or metal implants in the area of
interest. Patients in both of the groups were advised not to use
any kind of antiinflammatory drugs (nonsteriod antiinflamma-
tory drugs or steroids) or medications for neuropathic pain (pre-
gabalin, gabapentine etc) for the duration of the study.

Table 1. Comparison of the groups at baseline

Group 1 (mobilization+splint)

Group 2 (splint)

Median Median

MeanSD (min-max) MeantSD (min-max)
Age (years) 52.4+1.82 53.5 (35-65) 47.7+2.06 50.5 (32-59)
BMI 28.9+0.7 28.2 (23.2-36.9) 30.9+1.1 29.6 (23.7-41.6)
Duration of the disease (months) 34.3+6.5 30 (3-120) 41.2+8.8 24 (3-150)
Wrist AP/ML (right) 0.72+0.011 0.71 (0.65-0.83) 0.70+0.007 0.70 (0.63-0.76)
Wrist AP/ML (left) 0.70+0.009 0.71 (0.56-0.77) 0.67+0.007***  0.67 (0.59-0.72)***
W-P Motor nerve conduction velocity 55.7£1.6 55.3 (40.7-76.7) 58.7+2.8 55.5(50-109.1)
Motor amplitude (compound muscle action potentials) 6.610.4 6.1 (4.1-10.3) 6.8+0.3 6.6 (3.8-9.9)
Distal motor latancy 4.1£0.1 4 (3.1-5.9) 3.940.1 3.5 (3.1-5.6)
Median nerve sensory conduction velocity 39.7+2.5 39.8 (2.8-56) 39.4+1.7 40.8 (24.3-58.3)
Sensory nerve action potentials 16.0+1.1 14.3 (8.6-29.1) 15.2+1.2 14.9 (5.6-29.6)
Distal sensory latency 3.5£0.1 3.3(2.7-5.4) 3.540.1 3.4 (2.8-4.7)
Handgrip strength 18.3+1.2 18 (8-28) 20.4+1.4 18 (10-35)
Pinchgrip strength 4.610.3 4.7 (2-7.5) 5.1+0.3 5 (2-8)
Boston symptom severity scale N/A 29 (20-46) N/A 31.5 (18-46)
Boston functional scale N/A 21 (14-33) N/A 19 (9-35)
Pain intensity at night (0-10 cm) N/A 6 (1-8) N/A 5 (0-9)
Pain intensity in the day (0-10 cm) N/A 3 (0-8) N/A 5 (0-7)

N/A: not applicable; SD: standard deviation; min: minimum; max: maximum; W-P: wrist-palm; ***=p<0.005; AP: action potentials; ML: motor latencies; BMI: body mass index
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Table 2. Intragroup comparisons

Baseline evaluation

3" month evaluation

Median Median
MeanSD (min-max) MeanSD (min-max) p
Handgrip strength G1 18.3+1.2 18 (8-28) 21.4+1.7 22 (7-33) 0.005
G2 20.4+1.4 18 (10-35) 21£1.6 20 (8-42) 0.22
Pinchgrip strength G1 4.610.3 4.7 (2-7.5) 5.4+0.3 5.2 (3-8) 0.021
G2 5.1£0.3 5(2-8) 5.1+£0.3 5 (2-9) 0.77
Boston symptom severity scale G1 N/A 29 (20-46) N/A 17 (12-44) <0.001
G2 N/A 31.5 (18-46) N/A 23 (11-43) 0.001
Boston functional scale G1 N/A 21 (14-33) N/A 16.5 (8-32) 0.001
G2 N/A 19 (9-35) N/A 19 (8-29) 0.57
Pain intensity at night (0-10 cm) G1 N/A 6 (1-8) N/A 0 (0-8) <0.001
G2 N/A 5(0-9) N/A 0 (0-8) 0.001
Pain intensity in the day (0-10 cm) Gl N/A 3 (0-8) N/A 0 (0-8) 0.003
G2 N/A 5 (0-7) N/A 1 (0-7) 0.011
W-P Motor nerve conduction velocity G1 55.7+1.6 N/A 54.3+0.9 N/A 0.21
G2 58.7+2.8 N/A 56.1£1.3 N/A 0.34
Motor amplitude (compound muscle G1 6.61£0.4 N/A 6.610.5 N/A 0.05
action potentials) G2 6.8£0.3 N/A 7.2+0.3 N/A 0.91
Distal motor latancy G1 4.1+0.1 N/A 4.2+0.3 N/A 0.54
G2 3.940.1 N/A 4.1£0.1 N/A 0.48
Median nerve sensory conduction velocity G1 39.7%2.5 N/A 41.9+1.8 N/A 0.51
G2 39.411.7 N/A 39.1+1.8 N/A 0.82
Sensory nerve action potentials G1 16.0£1.1 N/A 18.2+1.3 N/A 0.03
G2 15.241.2 N/A 15.311.4 N/A 0.70
Distal sensory latency G1 3.5+0.1 N/A 3.3£0.1 N/A 0.012
G2 3.540.1 N/A 3.540.1 N/A 0.27

N/A: not applicable; G1: group 1; G2: group 2; SD: standard deviation; min: minimum; Max: maximum; W-P: wrist-palm

Assignment

Participants were randomly assigned to Group 1 (G1,
mobilization+splint) and Group 2 (G2, splint) by an indepen-
dent researcher. G2 was presumed to be a control group be-
cause of the common denominator, splint. Simple random-
ization was performed using a computer-generated table of
random numbers. No stratification or blocking was performed
during the randomization procedure.

Intervention

The subjects in G1 received CBM treatment 10 min/day and
3 times a week for 10 days and used neutral volar wrist splint at
night. Patients in G 2 (Control Group) used neutral volar wrist
splint at night for the duration of the study. (The splint fixed
hands and fingers in functional position.) The treatment and as-
sessment of the patients were conducted by two different physi-
cians who were blind to treatment allocation.

Carpal bone mobilization practice includes dorsal-palmar
glide at the radiocarpal joint and midcarpal (and radiocarpal) dis-
traction. The forearm rests on a mat/table with the affected hand

just extending off the table surface. The physician’s hand grasps
the patient’s wrist just proximal to the styloid processes to stabi-
lize the distal radioulnar joint. The mobilizing hand is placed over
the proximal carpal row. The mobilization involves pushing and
moving the row of carpal bones either dorsally to increase wrist
extension or to the palmar side to increase wrist flexion.

For midcarpal distraction, the stabilizing hand is placed over
the styloid processes and the mobilizing hand is placed over
the distal carpal row. In addition, for radiocarpal distraction, the
mobilizing hand is placed over the proximal carpal row. These
mobilization techniques are used to improve wrist mobility and
relieve ischemia and pain, thereby allowing a greater extension
in the movement of the wrist because it is the closed-packed
position of the wrist.

Outcome Measures

Body mass indexes (BMI), age, and duration of the dis-
ease were recorded for demographic evaluation. Wrist antero-
posterior (AP) and medio-lateral (ML) distance were measured
by a caliper (compass) in milimeters (14). Handgrip strength
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was measured by a simple hand dynamometer. An average
of three consecutive measurements was used for evaluation.
Pinchgrip strength for the thumb was evaluated by a tip-to-
tip pinchmeter with the same principle. Pain intensity in the
day and night were evaluated by a numerical rating scale (0-
10 cm) (15). The Boston Carpal Tunnel Questionnaire (BCTQ)
was used for symptomatic and functional evaluation (16,17).
Electroneuromyographic (ENMG) evaluation was performed
at the Physical Therapy and Rehabilitation Department by the
same physician for every patient at baseline and at the end of
the study. The electrophysiologic evaluation included median
distal sensory latencies (DSL), distal motor latencies (DML),
sensory nerve action potentials (SNAP), compound muscle
action potentials (CMAP), forearm median nerve conduction
velocities (MNCV), and wrist-palm motor conduction veloci-
ties (MCV). All of the patients with CTS underwent electro-
myographic (EMG) examination of the abductor pollicis brevis
(APB) muscle, and the spontaneous EMG activities were re-
corded. The evaluations were performed at baseline and at
the 3 month follow-up.

This medical research was conducted according to the ethi-
cal principles of the Declaration of Helsinki. The university ethics
committee approval and the patient’s written informed consent
were obtained.

Statistical Analysis

The statistical analysis was conducted by Statistical Package
for the Social Sciences (SPSS Version 13.0 Chicago, IL, USA). Me-
dian and minimum-maximum values were given for BMI, age,
duration of the disease, wrist AP/ML and ENMG measurements,
pinchgrip and handgrip strengths, and Boston symptom sever-
ity/functional scales as descriptive statistics. Concordance of the
data to normal distribution was tested using the Shapiro-Wilk
test. Because the data were not normally distributed, the Mann-
Whitney U test was used to determine whether any differences
existed among the initial values of the groups for the variables
(Table 1). According to the normality test, Wilcoxon’s rank-sum
test was used for intragroup comparisons by baseline charac-
teristics (Table 2). Groups were compared with unpaired two-
sample t-test and Mann-Whitney U test with respect to percent
changes and change scores. Pearson’s or Fisher’s chi-squared
tests were used for comparing categorical variables (Table 3).
The level of significance for all tests was p<0.05.

Results

Forty voluntary patients with CTS were enrolled in this study,
with a median age of 53.5 years (35-65) and 50.5 years (32-59) in
G1 and G2, respectively. BMIs of the two groups were 28.2 (23.2-
36.9) and 29.6 (23.7-41.6), respectively. Mean duration of the dis-
ease was 34.3+6.5 months in G1 and 41.2+8.8 months in G2. Pa-
tients in G1 had 25% right hand, 20% left hand, and 55% bilateral
CTS. Patients in G2 had 35% right hand, 20% had left hand, and
45% bilateral CTS. At baseline evaluation, groups were determined
to be homogeneous for patient characteristics with the exception
of the left wrist AP/ML ratio, which was lower in the splint group,
there by indicating an anatomical advantage (p<0.005) (Table T).
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Table 3. Comparison of the groups by change scores and percent-

age changes in the follow up

Changes from baseline

Median
Mean+SD (min-max) p
Handgrip strength G1  0.15+0.04 0.13(-0.25;,0.56) 0.17
G2 0.05+0.04  0.05(-0.38;0.5)
Pinchgrip strength Gl 0.25+0.1  0.13(-0.33;1.33) 0.04
G2 0.06+0.08 0(-0.43;1.14)
Boston symptom G1 N/A -12.5 (-26;5) 0.39
severity scale 2 N/A 8.0(-23:5)
Boston functional scale G1 N/A -5.5(-18;2) 0.01
G2 N/A 0(-11;5)
Pain intensity at night (0-10 cm) G1 N/A -5(-8;2) 0.14
G2 N/A -4(-8;2)
Pain intensity in the G1 N/A -2(-7;2) 0.53
day (0-10 cm) G2 N/A -3(-7;4)
W-P motor nerve G1 -0.01+£0.02 -0.02(-0.25;0.31) 0.79

LN VE EEE G2 -0.0240.03 -0.04(-0.35,0.26)

Motor amplitude G1  0.02£0.07 0.04 (-0.79;0.56) 0.74

(compound muscle

action potentials) G2 0.1240.07 0.07 (-0.24;1.16)
Distal motor latancy G1  0.03£0.07 -0.05(-0.22;1.34) 0.23
G2 0.04+0.04 0 (-0.21;0.59)
Median nerve sensory Gl 093+0.9 0.01(-0.24;,17.7) 0.90
LA N VE By G2 001004 0.03(:0.320.5)
Sensory nerve action G1 0.17£0.07 0.15(-0.59;0.72) 0.10
It G2 003007 0.06(-0.53:1.03)
Distal sensory latency G1 -0.05£0.02 -0.06 (-0.18;0.16) 0.16

G2 -0.009+0.02 -0.02(-0.18;0.27)

N/A: not applicable; G1: group 1; G2: group 2; SD: standard deviation; min: mini-
mum; Max: maximum; W-P: wrist-palm

One patient in the splint group discontinued intervention because
of pregnancy, and the study was completed with the remaining 39
patients. 13 of the participants in G1 declared some sensation of
warming or tingling during the procedure.

Patients in G1 showed significant improvement in all of the
clinical variables (p=0.005 for hangrip strength, p=0.021 for
pinchgrip strength, p<0.001 for Boston Symptom Severity Scale,
p<0.001for Boston Functional Scale, p<0.001 for pain intensity
at night, and p=0.003 for pain intensity in the day). There was
also an improvement in DSL and SNAP according to baseline
evaluation (p=0.012; p=0.03, respectively). In G2, there was an
improvement only in BCTQ symptom severity (p=0.001) and
night/day pain (p=0.001; p=0.011) intensity at the 3 month.
Improvement in pinchgrip strength (p=0.04) and BCTQ func-
tional status (p=0.01 ) were superior in G1 when compared with
that in G2 at the 3 month.
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Discussion

This study is designed to study the effects of CBM and wrist
splinting in the management of CTS and to compare its effective-
ness with wrist splinting. Significant improvement was achieved
in function, strength, symptom severity, DSL, and SNAP of the
intervention group (G1) at the 3 month, whereas there was
only symptomatic improvement in G2. There was an anatomical
advantage in G2 with a lower wrist AP/ML ratio; however, this
advantage did not lead to a better clinical response. It was ob-
served that improvement in pinchgrip strength and functional
status at the 3 month was superior in the intervention group
when compared to control group. Nevertheless, ENMG mea-
surements did not support this treatment effect.

Based on 16 studies, Page et al. (18) reported little benefit
with low quality evidence for exercise and mobilization inter-
ventions for improving symptoms, functional ability, quality of
life, and neurophysiologic parameters in CTS. The studies were
heterogenous in terms of outcome, intervention, and timing.
Of these, only four studies reported the primary outcome of
interest, and three completed reported the outcome data suf-
ficient for inclusion. According to another systematic review by
Muller et al. (8), neutral wrist splinting improves overall and
night time symptoms of patients with CTS (level of evidence,
4). Furthermore, night splinting alone markedly reduces symp-
tom severity detected by nerve conduction testing and also in-
creases functional ability of the hand compared to no treatment
(level of evidence, 2b). Therefore, wrist splinting is considered
to be an effective treatment modality in CTS. The present study
highlighted the symptomatic effect of this treatment option in
a follow-up period of 3 months. Because splinting is accepted
to be associated with strong evidence of effectiveness, manual
therapy with moderate/weak evidence of effectiveness is evalu-
ated by using splinting as a control group.

In the same systematic review, two studies evaluated the effica-
cy and significant benefit of manual therapy on patients with CTS
(13,19). In Tal Akabi et al. (13), trial effects of two manual therapy
techniques, CBM and median nerve mobilization, were investigat-
ed in patients with CTS. Both of the treatment groups consisted of
seven patients, and a significant difference in symptomatic relief
was observed when compared with the control group. However,
these data should be interpreted with caution, considering the pla-
cebo or attention effect of the mobilization. CBM combined with
flexor retinaculum stretch markedly increased the active range of
motion and relieved dysesthesia compared with that of no treat-
ment with evidence 2b and 4. However, no statistically significant
difference was observed in the effectiveness of two interventions.
Manente et al. (19) suggested a similar opinion and added that
therapeutic effectiveness is related to specific manipulation tech-
niques. This present study comprised 20 patients in each group,
and it demonstrated the functional and strength ameliorating ef-
fects of CBM in addition to the literature.

In a case report (20) about chiropractic manipulative therapy,
the patient favorably responded to the treatment of CBM com-
bined with ultrasound, cryotherapy, muscle stimulation, massage,
and wrist supports, and the pain diminished at the 3rd month. Va-

lente (21) had reported a similar chiropractic attempt three times
per week for 4 weeks to the patient’s elbow and wrist using a low
amplitude, low force, high velocity pressure. A significant increase
in hand grip strength and normalization of motor and sensory
latancies were noted. In a recent study comparable with ours (22),
after therapy with six sessions of soft tissue and CBM demonstrat-
ed that a significant benefit was maintained in pain, Boston symp-
tom severity, and functional scales, whereas there were no chang-
es in electrophysiologic parameters. Burke et al. (23) investigated
Granston instrument-assisted soft tissue mobilization twice a week
for 4 weeks. There was a second group without instrument as-
sistance. After both manual therapy interventions, improvements
were maintained in nerve conduction latancies, wrist strength,
and wrist motion in a period of 3 months. Although improvement
was not different between the two manual therapy techniques,
the data demonstrated the clinical efficacy of conservative treat-
ment modalities for mild to moderate CTS. These trials can be
considered as the anecdotal clinical evidence supporting CBM be-
cause improvement has been observed in response to a variety of
manual therapy treatment approaches.

The limitations of the present study are the small sample
sizes and having a “no treatment” group. However, the interest-
ing results obtained may encourage manual therapists to make
a more comprehensive research in this area. The mode of action
for manual therapy is another point that requires clarification.
Butler et al. (24) hypotheses may explain some improvement
that is observed after treating the patients with mobilization.
Alteration of the pressure or normalizing the pressure gradients
in the nerve dispersion area may enhance the blood supply and
ameliorate nerve conduction function. Therefore, carpal bone
mobilization combined with neutral wrist splinting at night may
be a treatment for the pathological neuropathy of the median
nerve and its surrounding structures.

Conclusion

This research has demonstrated that functional status and
pinchgrip strength of the patients wih CTS can be ameliorated
by CBM treatment and can be recommended as an inexpensive,
noninvasive, and effective treatment modality for the target
population with CTS. Understanding anatomical, occupational,
and environmental influences relevant in the course of the treat-
ment and severity of the disease may help us to identify patients
who would probably benefit from this type of conservative treat-
ment. However, high quality randomized controlled trials still
need to be conducted in this area for more convincing results.
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