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Study design: Double-blind randomized controlled trial.

Introduction: Carpal tunnel syndrome (CTS) is a common mononeuropathy that causes pain and disabil-
ity in the affected hand. Kinesio taping (KT) has been recently proposed as a promising conservative
approach in CTS patients.

Purpose of the study: To investigate the effectiveness of KT compared to a sham taping on symptoms and
hand function in patients affected by mild CTS.
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Methods: Patients affected by mild CTS with symptoms for at least 8 weeks were enrolled and randomly
allocated into two groups: KT group, according to the technique proposed by Kase plus specific exercises;
control group, undergoing a sham taping plus specific exercise. All patients performed 2 sessions/week
for 5 weeks of exercises of mobilization of fingers and carpal joint. At the baseline, after 5 weeks (T1),
and after 6 months (T2), a physician unaware of patients’ allocation assessed the Boston Carpal Tunnel
Questionnaire (BCTQ) symptom (BCTQ-S) and functional (BCTQ-F) subscales.

Results: Forty-two patients (mean age:54.3 + 15.0 y) were randomly allocated into KT (n = 21) and con-
trol group (n = 21). At T1, in both groups we found a significant improvement in hand function and
symptoms, as showed by BCTQ-F (KT:4.2 + 0.7 vs 3.0 + 0.6, P < .001; sham: 2.2 + 0.3 vs 1.7 £ 0.3,
P = .012) and by BCTQ-S (KT: 2.2 + 0.3 vs 1.7 + 0.3, P < .001; sham: 2.3 + 0.4 vs 1.9 + 0.5, P = .007). At
T2, only in the KT group there was a significant difference in both sub-items of primary outcome. There
were significantly better results in the KT group at T1 and T2.

Discussion: The present study showed that KT compared to a sham taping might be more effective in
reducing perceived symptoms in mild CTS patients, reporting a clinically significant difference.

Conclusion: KT might be considered as an effective technique combined to rehabilitative treatment in
terms of hand function and symptoms in patients affected by mild CTS.

© 2021 Elsevier Inc. All rights reserved.
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Carpal tunnel syndrome (CTS) is the most common mononeu-
ropathy of the hand, with a prevalence in general population
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estimated at around 8%, with women having almost double the
incidence of men (10% vs 5.8%)'. It is caused by compression of
the median nerve at the wrist, passing through a limited space


https://doi.org/10.1016/j.jht.2021.04.011
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jht
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jht.2021.04.011&domain=pdf
mailto:alessandro.desire@unicz.it
https://doi.org/10.1016/j.jht.2021.04.011

606 A. de Sire, C. Curci, M. Ferrara et al./Journal of Hand Therapy 35 (2022) 605-612

‘ Patients screened for eligibility (n=51) |

Refused to participate (n=5)

Not met inclusion criteria (n=4)

|

‘ Study participants to be randomized (n=42) |

‘ KT group (n=21) ‘

‘ Control group (n=21) ‘

1

Rehabilitative treatment
cycle plus KT application

TO visit (baseline) (n=21)
T1 visit (at 5 weeks) (n=21)

TO visit (baseline) (n=21)
T1 visit (at 5 weeks) (n=21)

‘ Study visits | |A110cati0nH Enrollment ‘

T2 follow-up visit (at 6 months) (n=21) ‘ | T2 follow-up visit (at 6 months) (n=21)

Fig. 1. Study flow chart.

in the osteo-fibrous canal along with digital flexor tendons?. CTS
occurrence might also be related to local ischemia and neural
edema, favored by the enlargement of the flexor tendon synovial
sheet, such as in flexor tenosynovitis>.

The pathogenesis of CTS may be influenced by chronic repeated
activities or specific wrist postures that are known to contribute to
median nerve compression, such as full pronation and radial devia-
tion, and full supination and ulnar deviation* with a tenosynovitis
of the flexor tendons and an increased median nerve compression®.
This latter might lead to an impairment in median nerve conduc-
tion, followed by wasting and weakness of thenar muscles in the
affected hand®.

To date, diagnosis and classification of CTS are still debated and
are based on clinical tests (Phalen, Tinel, manual carpal compres-
sion, and hand elevation tests), ultrasound examination (identify-
ing several causes of median nerve entrapment at carpal tunnel
level), and electrophysiologic studies (helpful to confirm or exclude
CTS when the clinical diagnosis is uncertain)®®,

Patients affected by mild to moderate CTS patients are com-
monly considered for conservative treatments, including: non-
steroid anti-inflammatory drugs, local corticosteroid injections,
mobilization and stretching exercises, splinting, kinesio taping (KT),
and physical therapies'0-3,

Among physical therapies, superficial heat, microwave or short-
wave diathermy and interferential current might provide short
term pain relief, albeit the use of electrotherapy techniques alone
showed no conclusive effective results and evidence is still limited
in literature'.

As conservative approach, therapeutic exercise might play a key
role, considering that combination of orthotic/stretching programs
might be prescribed in patients without thenar atrophy and nor-
mal 2-point discrimination’.

Clinicians should assess symptom duration and severity, night-
time symptoms, positive Phalen test and thenar atrophy, and
prior conservative management in order to endorse surgical treat-
ment!4, Indeed, patients whose symptoms have not improved after
6 months of conservative therapy or those affected by severe CTS
should be referred to surgical decompression’.

It has been recently hypothesized that the application of KT on
injured soft tissues and joints might provide support to ligaments,
tendons and muscles, and may assist patients therapeutic exercise,
in muscle strengthening and proprioceptive exercises not only in
musculoskeletal diseases'>-!7 but also in CTS'"'2,

Indeed, it has been recently demonstrated that KT combined
with low laser therapy might have beneficial effects in terms
of symptoms and function with a 12-weeks follow up in CTS
patients'!. Moreover, Akturk et al have recently compared ki-

nesio taping and splinting as treatments in idiopathic CTS pa-
tients, showing a significant improvement in the KT group com-
pared to the splint group in terms of electrophysiological changes
and symptoms and function of the involved hand, assessed by
the Boston Carpal Tunnel Questionnaire (BCTQ) symptom subscale
(BCTQ-S) and function subscale (BCTQ-F), respectively'.

To the best of our knowledge, the effects of KT combined with
specific rehabilitative exercises have still to be investigated in CTS
patients.

Therefore, the aim of this randomized placebo-controlled trial
was to evaluate the efficacy of KT compared to a sham taping on
symptoms and hand function in patients with mild CTS undergoing
specific rehabilitative exercises.

Methods
Participants

We carried out a double-blind randomized controlled trial ac-
cording to CONSORT Checklist, recruiting patients with CTS symp-
toms, referred to Rehabilitation Outpatient Clinic of “Mons. L. No-
varese” Hospital, Moncrivello, Vercelli, Italy, over a 9-month period
(from October 2018 to June 2019). All participants were asked to
carefully read and sign an informed consent and were free to with-
draw from the study at any time; researchers were instructed to
protect the participants’ privacy. The institutional review board ap-
proved the study, and all the procedures were conducted according
to the principles of the Declaration of Helsinki.

We included participants meeting following eligibility criteria:
(a) adult age (range: from 25-80 y); (b) diagnosis of mild CTS ac-
cording to Padua et al®. (abnormal electrodiagnostic hands disto-
proximal ratio technique or other segmental comparative test, nor-
mal distance motor latency of median nerve) (c) positivity to at
least one compression test (Tinel test, Phalen test or Carpal com-
pression test); (d) pain or symptoms for at least 8 weeks. Exclusion
criteria were: (a) diabetes; (b) rheumatoid or psoriatic arthritis; (c)
thyroid disease; (d) brachial plexus injury; (e) polyneuropathy; (f)
cervical radiculopathy; (g) previous wrist fracture; (h) pregnancy;
(i) previously treated with local infiltrations; (j) previous surgical
treatment or scheduled surgery for CTS.

According to a 1:1 distribution randomization algorithm, the
enrolled patients were allocated by an operator (not involved in
the intervention or clinical assessment) into two groups: KT group,
undergoing KT plus specific exercises; control group, undergoing a
sham taping plus specific exercise (as depicted by Fig. 1). All study
participants were unaware of which KT technique they were un-
dergoing.
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Fig. 2. Rehabilitative exercises performed in both groups. (A) active mobilization of interosseous muscles; (B) activation of flexor digitorum superficialis and flexor digitorum
profundus; (C) active opposition of the thumb on the palm of the hand; (D) active metacarpophalangeal joints mobilization; (E) active extension and flexion of the carpal

joint; (F) active opposition of thumb on each finger distal phalanx.

Intervention

All study participants of both groups underwent a specific reha-
bilitative study protocol aimed to decrease the median nerve com-
pression and promote tendon gliding.

The intervention was delivered at our Rehabilitation Outpatient
Clinic under the supervision of an expert hand therapist and con-
sisted of 10 sessions (2 sessions/week for 5 wk), including a sched-
ule of 6 exercises (10 repetitions for each): a) active mobilization of
interosseous muscles; b) activation of flexor digitorum superficialis
and flexor digitorum profundus; c) active opposition of the thumb
on the palm of the hand; d) active opposition of thumb on each
finger distal phalanx; e) active metacarpophalangeal joints mobi-
lization; f) active flexion and extension of the radiocarpal joint (see
Fig. 2 for further details). These exercises are theorized to provide
a neuromodulating effect on nociception of the median nerve and
may decrease adhesions within the carpal tunnel’®,

In the study group, an expert hand therapist applied KT ac-
cording to the lymphatic correction technique, proposed by Kase
et al'®, The tape was cut in five strips and applied on palm and
dorsum of patients’ hands (wrist at 30° extension, forearm in
supination, and elbow in extension), using a very light tension (0-
15% of available), to relieve inflammation and edema. However, in
the control group, a sham taping was applied by the same thera-
pist without using tension on the hands in neutral positionZ® (as
depicted by Fig. 3).

All patients wore KT and sham taping until the following
session and were asked to not use orthoses, splinting, or anti-
inflammatory drugs for the duration of the trial.

Outcomes

At the baseline, we collected demographic and anthropometric
data, duration of disease, level of scholastic education and work-
ing status of study participants. Primary outcome measure was the
BCTQ, with its two subscales for symptoms (BCTQ-S) and func-
tion (BCTQ-F)2!. BCTQ is considered as a reliable and valid patient-
related outcome in estimating impairment in CTS patients?2.

As secondary outcomes we considered: Quick Version of Dis-
ability of the Arm, Shoulder and Hand (Quick-DASH)** to assess
upper limb function?*; Numerical Pain Rating Scale (NPRS)?° to
evaluate pain; EuroQol 5-Dimension 3-Level (EQ-5D-3L) and Eu-
roQol Visual Analogue Scale (EQ-VAS)?%?7 for the health-related
quality of life.

All the outcome measures were evaluated by a physiatrist un-
aware of patients’ allocation at the baseline (TO), after 5 weeks
(T1), and at 6 months from the first clinical assessment (T2).

The author responsible of the randomization was aware of pa-
tients’ allocation, such as the hand therapist that supervised the in-
tervention. On the other hand, all study participants remained un-
aware of which KT technique could be considered as therapeutic or
not (sham taping). At the same time, also the physiatrist that per-
formed the clinical assessment of all the outcome measures was
blinded.

Statistical analysis

Statistical analysis was performed using STATA v.12 (StataCorp
LP, College Station, TX). Study power 90% and the statistical
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Fig. 3. Application of kinesio tape. (A-B) Kinesio tape applied according to the technique recommended by Kase using a very light tension (0-15% of available); (C-D) Sham

taping.

significance was defined at 0.05 (@ = 0.05). Considering BCTQ-F
as primary outcome and taking into account an effect size of 1.07,
obtained from the work performed by Akturk et al'!, the sample
size should consider 34 participants, 17 per group. However, con-
sidering a 10% drop-out rate, the study population might consist of
38 patients (16/group). We performed a statistical analysis using
Wilcoxon matched-pair test to evaluate intra-group differences
of continuous variables and Wilcoxon rank sum test was used to
compare continuous variables between groups. Mean differences
in outcome measures among different time-points are expressed
as A). Lastly, we considered the difference in outcome measures,
taking into account that Minimal Clinically Important Difference
(MCID) might vary from 0.16 to 1.45 for BCTQ-S and from 0.47 to

1.6 for BCTQ-F in CTS patients, taking into account that the lowest
MCIDs refer to mild CTS patients28.

Results

Fifty-one patients were screened and recruited for this study;
forty-seven of them met the inclusion and exclusion criteria, but
5 did not agree to undergo the study, as depicted by flow-chart
in Figure 1. Therefore, we enrolled 42 patients, with mean age
of 54.3 + 15.0 years, that were randomly allocated into KT group
(n = 21) and control group (n = 21). No significant between-group
differences were found at the baseline (Table 1 for further details).
All study participants showed good compliance and successfully
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Table 1
Baseline characteristics of study population.
Total (n = 42) Study group (n = 21)  Control group (n = 21) P values
Age (y) 54.3 £ 15.0 55.0 £ 17.0 53.5 + 13.2 0.668*
Sex (male/female) 21/21 11/10 10/11 0.758"
BMI (kg/m?) 25.7 £ 3.0 25.6 + 3.5 25.7 £ 25 0.734
Disease duration (wk) 149 + 4.6 14.5 + 3.7 153 + 54 1.000*
Side (right/left) 21/21 10/11 11/10 0.212*
Educational qualification 0.889"
Primary 21 (50.0) 9 (42.9) 9 (42.9)
Secondary 12 (28.6) 7 (33.3) 5(23.8)
Bachelor’s degree 2 (4.8) 3(14.3) 4 (19.0)
Master’s degree 7 (16.7) 2 (9.5) 3 (14.3)
Working status 0.629*
Desk work 16 (38.1) 6 (28.6) 10 (47.6)
Manual labourer 11 (26.2) 6 (28.6) 5(23.8)
Homemaker 3(7.1) 2 (9.5) 1(4.8)
Retired 12 (28.6) 7 (33.3) 5(23.8)
BCTQ-F 42 + 0.7 42 + 0.7 42 + 0.8 0.960*
BCTQ-S 23 +04 22403 23+ 04 0.323"
NPRS 57 £1.0 56 £ 09 58 £ 1.1 0.583*
Quick-DASH 494 + 11.8 495 + 7.4 493 + 111 0.715*
EQ5D3L 0.795 + 0.086  0.782 + 0.077 0.809 + 0.094 0.385"
EQVAS 63 +£1.2 63 +£1.2 63 £ 1.2 0.889*
Continuous variables are expressed as mean =+ standard deviations; categorical variables are expressed as num-
bers (%); ratios are expressed as x/y. Differences are considered significant when P is less than .05
Abbreviations: BMI = body mass index; BCTQ-F = Boston Carpal Tunnel Questionnaire-Functional; BCTQ-
S = Boston Carpal Tunnel Questionnaire-Symptom; NPRS = Numerical Pain Rating Scale; Quick-DASH = Quick
Version of Disability of the Arm, Shoulder and Hand; EQ-5D-3L = EuroQol 5-Dimension 3-Level; EQ-VAS = Eu-
roQol Visual Analogue Scale.
* U-Mann Whitney test
** Fisher exact test.
Table 2
Between-group and intra-group differences in outcome measures.
Study group (n = 21) Control group (n = 21)
TO T1 Pvalue T2 Pvalue TO T1 Pvalue T2 P value P value (T1 P value (T2
T1-TO T2-TO T1-TO T2-TO between- between-
group) group)
BCTQ-F 4.2 + 0.7 3.0+ 06 <.001 29+ 05 <.001 42 + 0.8 3.6+ 038 .012 3.8+038 125 .029 <.001
BCTQ-S 22403 1.7 £ 0.3 <.001 1.6 £ 04 <.001 23+ 04 1.9 £ 05 .007 20+ 05 .027 .030 .019
NPRS 57 £1.0 4.1+1.2 <.001 3.7 £ 0.6 <.001 58 £ 1.1 49 + 1.1 .017 49 + 1.5 .049 .018 .001
Quick-DASH 494 + 11.8 393 + 83  <.001 3594+ 77 <.001 493 + 11.1 394 +11.4 .004 37.6 £ 11.3  .002 .890 512
EQ5D3L 0.80 £ 0.09 0.78 £ 0.08 .043 1.00 £ 0.00 <.001 0.81 £ 0.09 0.81 £ 0.09 .342 1.00 £ 0.00 .281 418 .300
EQVAS 6.3+ 1.2 73 £09 <.001 7.7 £ 06 <.001 63 +£1.2 7.0 £ 0.8 .004 71+ 14 .004 .889 173

Continuous variables are expressed as mean =+ standard deviations. Differences are considered significant when P is less than .05. The intra-group statistical analysis was
evaluated with Wilcoxon matched-pairs signed-rank test.; The between-group statistical analysis was evaluated with Wilcoxon rank sum test. Abbreviations: TO: baseline;
T1: after 5 wk; T2: at 6 mo. after intervention; BCTQ-F: Boston Carpal Tunnel Questionnaire - Functional; BCTQ-S: Boston Carpal Tunnel Questionnaire - Symptom; NPRS:
Numerical Pain Rating Scale; Quick Version of Disability of the Arm, Shoulder and Hand (Quick-DASH); EuroQol 5-Dimension 3-Level (EQ-5D-3L); EuroQol Visual Analogue

Scale (EQ-VAS).

completed the treatment protocol in all the programmed sessions,
with no adverse events.

Both groups showed statistically significant improvements on
BCTQ-S, NRS, Quick-DASH and EQVAS measures at 5 weeks and
at 6 months. Between-group comparisons showed better results in
the KT group at T1 and at T2 in BCTQ-S, BCTQ-F and NRS.

As depicted in Table 2 and Figure 4, both groups demonstrated
a statistically significant improvement in the primary outcome
measures at 5 weeks (T1), with the treatment group demonstrating
a larger change in scores in both the BCTQ-F (KT group: A = 1.2;
P < .001; control group: A = 0.6; P = .012) and the BCTQ-S (KT
group: A = 0.5; P < .001; control group: A = 04; P = .007).
At 6 months (T2), there was a statistically significant difference
(P < .05) in both sub-items of primary outcome in the study
group, but the control only demonstrated improvement in the
BCTQ-S. These results could be considered as clinically meaning-
ful, especially in the study group, taking into account the relative
MCIDs?8.

In the KT group, scores on the other outcome measures re-
vealed a significant reduction in hand disability and pain and a sig-
nificant improvement of health-related quality of life at both time
points (T1-TO) and (T2-TO). In contrast, the control group demon-
strated a significant improvement of NRS, QuickDASH and EQ-VAS
at T1 and at T2, compared to the baseline (Table 2 and Fig. 4).
The between-groups analysis found significantly better results in
the KT group at T1 and at T2 in terms of primary outcome (BCTQ-
S and BCTQ-F) and pain, assessed by NRS.

Discussion

The present study showed that KT compared to a sham taping
might be more effective in reducing perceived symptoms and in-
creasing hand functional abilities in patients affected by mild CTS
performing specific rehabilitative exercises.

It is important to note that both groups had significant im-
provements in pain, self-reported disability, and perceived quality
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Fig. 4. Outcome measures assessed in both groups at the different time-points.

of life at both 5 weeks and 6 months after commencing treatment,
suggesting that the exercise protocol that we utilized might be
useful in mild CTS. However, those in the active KT group scored
significantly better on the BCTQ and pain scales, compared to the
sham taping group at both time-points.

Moreover, we assessed a difference that can be considered as
clinically significant in comparison with MCID?® in both BCTQ-F
(KT group: A = 1.2; control group: A = 0.6) and by BCTQ-S in
KT group (KT group: A = 0.5). Recent trials have investigated the
effectiveness of KT application in patients affected by CTS as con-
servative approach'!-12:29 Aktiirk et al showed a significant im-
provement in hand function and electrophysiological findings us-
ing KT, with medium stretch (about 60%) compared to splinting
after 6 weeks of treatment'?. A recent pilot study, Guner et al sug-
gested that KT with moderate stretch combined with low-power
laser treatment might increase hand grip strength and finger pinch
strength at 12 weeks compared to the single use of laser treat-
ment in mild cases of CTS'!. Furthermore, in a recent random-
ized, placebo-controlled study neural technique and space correc-
tion (described as KT positioning from hand to medial epicondyle
with 15%-25% tension and ended at medial epicondyle with no ten-
sion) showed better results on pain and function in CTS patients
compared to orthotic devices or sham (no tension, inconsistent po-
sition) KT treatment??. Despite the fact that KT was applied at
lighter tension, our findings showed a similar beneficial effect in
terms of function and symptoms.

Although KT might be promising in patients affected by CTS,
there are still some doubts regarding mechanisms of action, that
have still to be clarified. It has been hypothesized that KT might
have beneficial effects, improving blood flow in the treated tissues,
lowering congestion and edema, reducing pain due to central mod-
ulation, and improving sensorimotor feedback and proprioceptive
stimuli during the functional tasks'>:30,

As stated in literature by Huisstede et al on behalf of European
HANDGUIDE Group?®!, mild CTS might be treated with therapeu-
tic exercise and patient education, such as changes in habits and
implementing ergonomic movements might prevent inflammation,
and consequent symptoms exacerbation.

Exercise might have mobilized the impaired structures into the
carpal tunnel, decreasing adhesion. Indeed, exercises might re-
duce nociception by decreasing algogenic and pro-inflammatory
substances'®. Therefore, the first-line management should include
non-surgical approaches, although these techniques have only been
shown to be effective in short-term follow-up, and long-term ef-
fectiveness is unclear’.

To the best of our knowledge, this is the first randomized con-
trolled trial that investigated the role of KT compared to a sham
taping in CTS patients and it might be considered as a starting
point for further research.

Limitations of the study

Our study could not be considered free from limitations. First,
the difficulty in the reproducibility of KT, a technique subjected to
operator-dependent variations; however, in our study, it was per-
formed by the same specialized hand therapist; second, it should
be taken into account that KT might have different effects accord-
ing to the potential anatomical differences of treated wrists; third,
we did not provide data on the potential confounding factors, such
as the use of anti-inflammatory drugs; lastly, the low number of
study participants, although we obtained the sample size, based
on the effect size of a previous work in literature'2,

Conclusion

In this double-blind randomized controlled trial, we demon-
strated that KT combined with specific exercises may be more ef-
fective than exercise alone for improving hand function and symp-
toms in patients affected by mild CTS. Further studies are neces-
sary to confirm these findings in order to improve the knowledge
regarding the effects of this technique in CTS patients.
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