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Abstract

Objective: To determine the effect of kinesiology tape on post-stroke
patients with complex regional pain syndrome type 1.

Methods: Seventeen patients with post-stroke complex regional
pain syndrome type 1 were randomized to a kinesiology tape group
and a control group. The control group received conventional treat-
ment, while the kinesiology group received conventional treatment
plus kinesiology tape. Pain level was evaluated as the primary out-
come, and hand edema and physical function were measured as the
secondary outcome. The assessments were conducted before treat-
ment as the baseline, in mid-term of treatment (1-week intervention)
and end of treatment (2-week intervention).

Results: The kinesiology tape group showed a significant decrease
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in pain (P=0.012) at both mid-term and final assessments, while the
control group only showed decreased pain in the final assessment.
Furthermore, the kinesiology group demonstrated increased upper
limb and hand function but not in the control group. Both groups
demonstrated non-significant differences in hand edema and no sig-
nificant between-group differences were observed in each assess-
ment session.

Conclusion: Adding the kinesiology tape to the standard treatment
for post-stroke complex regional pain syndrome type 1 patients could
decrease the pain and increase upper-limb and hand function faster
than standard treatment. Kinesiology tape is a promising treatment
for post-stoke patients with complex regional pain syndrome type 1.

Keywords: Complex regional pain syndrome type 1; Kinesiology
tape; Post-stroke

Introduction

Complex Regional Pain Syndrome (CRPS) is a complicated, dis-
abling problem characterized with neuropathic pain, sensory deficit,
edema and vasomotor disorder. CRPS is categorized into two types.
Complex Regional Pain Syndrome type 1 (CRPS-1) occurs after an
injury without overt nerve injury while Type II occurs with distinct
nerve injury [1]. More than 48% of post-stroke patients suffer from
CRPS-1disorder, which usually develops within 2 weeks to 3 months
after stroke [2]. The post-stroke CRPS-1 patients are inflicted with
several annoying symptoms, including pain hyperesthesia and/or al-
lodynia, temperature asymmetry and/or skin color change, edema,
as well as decreased range of motion and trophic deficit. Since the
patho-physiological mechanisms of CRPS are unclear, the treatment
for post-stroke CRPS-1 has focused on relieving these symptoms,
maintaining normal joint alignment and motion, and improving mus-
cle strength. However, no conclusive evidence supports any particular
approach [3].

Kinesiology Tape (KT) was popularized by Kenzo Kaze in the
1970s. When fixing it onto the skin, KT is thought to increase local
circulation, reduce further local edema, and may provide a positional
stimulus to the skin for proper afferent input to the central nervous
system [4]. Increasingly, many studies have reported that KT can re-
duce musculoskeletal pain, increase range of motion and strength. For
example, in patients with knee osteoarthritis, a KT group exhibited
greater pain reduction, less joint stiffness and functional improvement
after 3 consecutive days of KT application [5]. Moreover, KT reduced
hand edema in acute stroke patients [6], improved shoulder range of
motion and reduced hemiplegic pain [7]. Specifically, Huang et al.,
reported that a 3-week KT plus standard therapy program reduced
shoulder pain as well as improved shoulder range of motion and func-
tion [8].

However, for the study on hemiplegic shoulder pain, it didn’t clas-
sify pain into specific type unlike the hemiplegic pain, which can be
classified into nociceptive, peripheral or central neuropathic pain or
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a combination of both the nociceptive and neuropathic pain [9]. The
effect of KT on post-stroke CRPS-1 neuropathic pain, which is the
common cause of pain and disability of upper extremity, still remains
unknown.

Therefore, the aim of this study was to investigate the effective-
ness of adding KT to physical therapy on post-stroke CRPS-I patients.
We recruited post-stroke patients diagnosed with CRPS-1 and ran-
domized the patients to the KT group and the control group. The pa-
tients in the KT group received standard conventional therapy plus
KT while the control group received standard conventional therapy
alone. We hypothesized that adding KT to conventional therapy for
post-stroke CRPS-I would significantly decrease pain, increase shoul-
der range of motion, decrease hand edema and improve upper limb
sensorimotor performance more than conventional therapy alone.

Methods
Study design

This study was a single blind, randomized controlled clinical trial
approved by the institutional Ethics Review Board of the Sixth Affil-
iated Hospital of Sun Yat-sen University, Guangzhou, China. Stroke
patients less than 6 months after stroke diagnosis suffering from
CRPS-1 were randomly allocated to one of the two groups (the KT
group or the conventional rehabilitation comparison group). A com-
puter-generated scheme was conducted by an investigator who was
not involved in the recruitment or treatment. On the first day of the
treatment, the treating physiotherapist opened an envelope to identify
the allocation and another physiotherapist not involved in the therapy
would assess the clinical outcomes at baseline, the end of the 1% week
and the end of the 2" week intervention.

Participants

Post-stroke patients diagnosed with CRPS-1 were recruited over a
36-month period from inpatient of the Sixth Affiliated Hospital of Sun
Yat-sen University and the Second Affiliated Hospital of Guangzhou
Medical University in Guangzhou, China. The inclusion criteria were
(1) diagnosed with first-time stroke within the previous 6 months
[10], (2) clinical symptoms conforming to the Budapest criteria of
CRPS and pain in the shoulder [11], (3) agreed to participate in the
experiment and (4) Mini Mental State Examination (MMSE)>24. The
participant exclusion criteria were (1) CRPS-1 caused by cerebral tu-
mor, or trauma; (2) pain or restricted movement of the shoulder joint
caused by fracture or brachial plexus injury; (3) significant orthopedic
or pain conditions such as fracture, peripheral neuropathy; (4) severe
heart, liver or kidney disease, cognitive dysfunction, aphasia, or men-
tal disorder; (5) fragile skin deemed at risk for tearing with tape appli-
cation, and (6) allergies to tape adhesive.

Interventions

Twenty-three patients were enrolled in the study. Half of the sam-
ple (n=12) was randomly assigned to the control group (conventional
standard intervention), and the others (n=11) were randomly assigned
to the intervention group (conventional standard intervention plus
KT). Seventeen participants completed the intervention and assess-
ments. See Figure 1 for the flow chart of the study.

All the participants received standard conventional physical
therapy including active and passive range of motion, spasticity
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management, motor relearning, weight bearing exercise of the upper
extremities, functional reach, grasp, hold and release activities, activ-
ities of daily living. However, modalities to reduce edema and pain
(e.g. cold application, compression, transcutaneous electrical nerve
stimulation and neuromuscular electrical stimulation) were excluded
for both groups. Each participant received conventional physical ther-
apy service for 30 minutes a day, 5 days a week for 2 weeks.

Figure 1: Study flow chart.

Outcome measures: Visual Analogue Scale (VAS); Hand Volumeter Measurement;
Fugl-Meyer Assessment (FMA, upper limb portion); Pain-free Lateral Rotation
Range of Shoulder.

The intervention group received both the same standard conven-
tional physical therapy service and KT. THERABAND Kinesiology
tape (THERABAND XACT STRETCH Kinesiology tape, Akron,
Ohio) was used in the study with a width of Scm and thickness of
0.5 mm. The KT was applied in a sitting position with the arm in ad-
duction. An I-strip was placed at 75% tension over the humeral head
crossing the line of shoulder joint. Another I-strip was placed above
the acromion with 50% tension transversely and immediately above
the acromioclavicular joint. There was no tension applied at the end
of the tapes (Figures 2A and 2B). The KT application on the hand fol-
lowed a dorsal and volar method suggested by Kase [4]. The subject’s
wrist was passively moved into a maximum flexed position and the
tape was applied to the dorsal surface of the affected hand with no
stretch. The wrist was then extended to the end range passively and
the tape was applied to the volar surface with no stretch tension. The
tape was applied covering up to two-thirds the length of the forearm.
The fan-shaped tape then crossed along the longitudinal axis of the
fingers with no tension (Figures 2C and 2D). The participants in the
KT group were told to leave the tape on for 5 consecutive days, and
then the therapist removed the tape and checked the integrity of the
skin. The experiment was stopped if any rash or allergy on the skin
was observed. After 5days of KT application, the tape was removed
for 2 days before the next taping session. The participants in the KT
group received 5 days of tape application a week, for two weeks.

Outcome measurements

Outcome measurements were conducted by an assessor blinded
for three times, at the baseline, after the 1% week of treatment and at

Volume 6 ¢ Issue 1+ 100040


http://dx.doi.org/10.24966/PMRD-8670/100021
http://doi.org/10.24966/PMRD-8670/100040

Citation: Li X, Zhou T, Zou Z, Ye Z, Page P, et al. (2020) Effects of Kinesiology Tape on Post-stroke Patients with Complex Regional Pain Syndrome Type 1: A

Randomized Control Trial. ] Phys Med Rehabil Disabil 6: 040.

e Page 3 0f 7 »

the end of the 2" week treatment. The primary outcome was the level
of pain. A 10cm Visual Analog Scale (VAS) was used to measure the
pain at the rest position with ‘0’ at one end representing no pain and
‘10’at the other end representing most extreme pain imaginable. The
VAS has been shown to be reliable and satisfactory for the measure-
ment of pain [12].

Figure 2: Application of kinesiology tape on shoulder and hand.

The secondary outcomes were the values of hand swelling, motor
function of the upper extremity, and shoulder pain-free lateral rotation
range. Swelling was assessed by the hand volumeter which is based
on the principle of water displacement. All the participants were test-
ed in sitting position. Measurement involved immersion of the hand
in the water-filled volumeter until the top of the water level reaches
the transverse crease of the wrist. Water temperature ranged from 20
to 30°C. Water was displaced from the volumeter into a measuring
cylinder to indicate the volume of the hand [13]. The pain-free lateral
rotation range of the shoulder was assessed using a universal goniom-
eter. The assessment was done in supine position [14]. Finally, motor
function of the upper extremity was assessed using the Fugl-Meyer
Assessment (FMA) for the upper extremity. The FMA is a stroke-spe-
cific, performance-based impairment index with the maximum score
for the upper extremity motor domain being at 66. The interrater re-
liability of the FMA has been reported, with the intraclass correlation
coefficient at 0.92 [15]. The assessor had 5 years working experience
as a physical therapy. He was knowledgeable and skilled in using the
assessing techniques.

Statistical Analysis

SPSS software v.21.0 (IBM Corp., Armonk, NY, USA) was used
to analyze the data. Both the primary and secondary outcome analyses
were performed with Intention-To-Treat (ITT). 4 5 test was used to
compare the group differences at baseline data (gender, stroke sub-
types, educational level, etc). Wilcox on signed-rank test was used
to measure the difference within groups (pretreatment, one-week
post-treatment, and two-week post-treatment), with the Bonfferni
correction, significant criteria was set as P<0.017. Mann-Whitney U
test was used to compare the differences between groups with the
significance set at P<0.05.

Results

Participants

Two hundred and forty-three post-stroke patients were screened
for eligibility from September 2014 to October 2017. Twenty-three
patients met the inclusion criteria. Six subjects did not complete the
study, including three from the experimented group because of skin
allergy and three from the control group because of personal reasons.
Seventeen participants completed the whole 2-week trial. No signif-
icant differences were observed in the demographic data or clinical
characteristics between the groups (P>0.05), as showed in (Table 1).
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Variable KT Group (n=9) | Control Group (n=8)
Age, mean (SD), y 66.5(12.0) 60.9(9.3)
Sex
Male 5(56) 6(75)
Female 4(44) 2(25)
Onset since stroke days 77 94
Educational Level
Hliteracy 1(11) 1(12.5)
Graduated from primary school 3(33) 2(25)
Graduated from junior school 2(22) 3(37.5)
Graduated from high school 0(0) 0(0)
Graduated from college 3(33) 2(25)
Post-stroke hand function impair
severity (Fugl-Meyer assessment)
Mild 1(11) 2(25)
Moderate 2(22) 2(25)
Severe 4(44) 1(12.5)
Very Severe 2(22) 3(37.5)
Stroke subtype
Hemorrhage 1(11) 2(25)
Infarction 8(89) 6(75)
Freq y of taking 1
A few times 9(100) 8(100)
Frequently 0 0
Always 0 0

Table 1: Baseline demographic and clinical characteristic of post-stroke CRPS-1 pa-

tients in the KT and Control Group.

Notes: Data are n(%) unless otherwise indicated,

a. Post-stroke hand Function Impairment Severity (FMA), very severe, FMA score
0-11; severe, FMA score 12-22; moderate, FMA score 23-32; mild, FMA score
33+,

b. Definition of the frequency of taking analgesic: a few times, 1/1year, frequently,
1/1month, always, >1/week

c. Definition of the frequency of taking diuretic medicine: a few times, 1/1year,
frequently, 1/1month, always, >1/week

Effect of intervention on pain

After 1-week of treatment, VAS score (4.32+1.86) decreased
significantly in the KT group compared to the baseline (6.36+2.26)
assessment (P=0.012) while there was no significant difference
observed in the control group (P=0.027), see Table 2. However,
both groups demonstrated a non-significant difference of the VAS
score between the 1% week assessment and the 2™ week assess-
ment (P=0.122 for KT group and P=0.061 for the control group).
Similarly, both groups demonstrated significant decrease of the VAS
score at the end of the 2" week of treatment when compared to the
baseline assessment (P=0.012 for KT group and P=0.012 for the con-
trol group). Between-group comparisons demonstrated no significant
difference in each assessment (P=0.541 for the baseline comparison,
P=0.606 for 1** week comparison and P= 0.423 for 2™ week compar-
ison).

Effect of intervention on hand edema

Both groups had non-significant differences between the baseline
assessment and the 1% week assessment (P=0.122 for KT group and
P=0.061 for the control group). The same is also true between the
baseline and the 2" week assessment results (P=0.686 for KT group
Volume 6 « Issue 1 » 100040
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and P=0.109 for the control group). Between-group comparisons
demonstrated no significant difference in each assessment (P=0.250
for the baseline comparison, P=0.571 for 1% week comparison and
P=0.571 for 2" week comparison).

Effect of intervention on range of shoulder pain-free lateral
rotation

Both groups showed non-significant difference between the base-
line assessment and the 1% week assessment results (P=0.401 for KT
group and P=0.018 for the control group), although the control group
approached significance. However, the KT group demonstrated a
significant increase in pain-free lateral rotation in the 2™ week as-
sessment compared to the 1% week assessment (P=0.012), while there
was no significant difference observed in the control group (P=0.018).
Both groups showed significant increase in the degree of the shoul-
der pain-free lateral rotation in the 2™ week assessment compared
to the baseline assessment (P=0.015 for KT group and P=0.012 for
the control group). For the between-group comparison, there was no
significant difference in each assessment (P=0.423 for the baseline
comparison, P=0.606 for 1** week comparison and P=0.541 for 2
week comparison).

Effect of intervention on upper-extremity function

The KT group demonstrated significant increase in the Fugl-Mey-
er score in both the 1% week assessment (P=0.011) and the 2™ week
assessment (P=0.008) compared to the baseline assessment results.
The control group demonstrated a non-significant increase in the
Fugl-Meyer score in both the 1% week assessment (P=0.109) and
the 2™ week assessment (P=0.018) compared to the baseline assess-
ment results, although it approached significance. Similarly, the be-
tween-group comparison demonstrated no significant difference in
each assessment (P=0.743 for the baseline comparison, P=0.963 for
1** week comparison and P=0.815 for 2™ week comparison).

Discussion

In this study, adding KT to standard conventional physical therapy
reduced pain and improved upper limb and hand function. Further-
more, the improvement of function and decreased pain level were ac-
quired faster in the KT group. In addition, shoulder pain-free lateral
rotation range significantly increased, however, the hand edema did
not decrease significantly with the addition of KT. In fact, the problem
of edema was found reduced in the KT group but increased in the
physical therapy only.

The short-term effect of the KT on pain was above the minimum
of the clinically worthwhile effect of 2cm [16], in addition, the upper
extremity function also improved. The overall results in this study are
similar to previous findings. Huang et al. applied a 3-week interven-
tion for patients with hemiplegic pain and found the experimented
group experienced greater reduction in pain and with a better score in
the Disability Index [8]. Another study found 3-weeks of therapeutic
KT being added to conventional therapy limited the occurrence of
hemiplegic shoulder pain and improved shoulder flexion in sub-acute
stroke patients with a flaccid shoulder joint [17]. As hemiplegic pain
can be either nociceptive, peripheral or central neuropathic pain, or a
combination of both nociceptive and neuropathic pain [9], our study
contributes evidence to the effectiveness of KT on neuropathic pain
of post-stroke CRPS-1.

The possible mechanism of the pain relief in CRPS-1 post-stroke
patients after KT is likely neurological. In CRPS, the peripheral sen-
sitization of afferent C fibers can trigger increased excitability and
synaptic efficacy of the neurons in the central nervous system. KT
might stimulate the neuromuscular pathway through increased affer-
ent feedback. According to the Gate Control Theory, the mechanical
stimuli induced by KT would occupy the afferent stimulus to the larg-
er-diameter nerve fibers, which can then serve to mitigate the inputs
received from the smaller-diameter nerve fibers conducting nocicep-
tion [18]. Another possible explanation for the pain relief effects of
KT can be related to the afferent information that is sent from the
neural and movement feedbacks of the participants, which can elim-
inate the so-called neglect-like phenomenon [19] and the abnormal
postures [20]. A study by Bae et al. found that when KT was applied
to patients suffering chronic low back pain, it not only reduced pain
but positively affected their postural control and Movement-Related
Cortical Potential (MRCP) [21]. KT may first have an effect on the
supra spinal system and it may intervene the cortical level. Therefore,
KT may help to re-organize the sensory feedback and motor outputs.
However, the mechanism of KT on post-stroke CRPS-1 required fur-
ther study.

At both the mid-term and final assessments after taping, there were
no significant differences in edema. The results were different from a
study conducted by Aguilarferrandiz et.al [22]. Their results showed
that, after an application of KT3 times/week for 4 weeks, a significant
reduction of edema occurred in post-menopausal women with chronic
venous insufficiency [22]. The possible explanation for the difference
between these two studies may be simply due to the difference be-
tween the nature of the pathological swelling.

KT group Control group
Variables
Baseline T, T, P, P, P, Baseline T, T, P, P, P,
VAS 6.36(2.26) 4.32(1.86) 3.50(1.49) 0.012 | 0.122 | 0.012 6.06(1.23) 4.88(1.57) 4.31(1.41) 0.027 | 0.061 0.012
Volume 348.47(32.74) 357.13(28.72) | 359.33(43.52) | 0.686 0.5 0.686 | 377.39(13.62) | 370.57(15.03) | 366.10(13.47) | 0.109 | 0.109 | 0.109
External rotation 29.41(19.85) 31.67(14.03) 40.89(16.88) | 0.401 | 0.012 | 0.015 | 21.25(16.18) 28.21(10.74) 34.83(8.90) 0.018 | 0.018 | 0.012
Fugl-Meyer 19.00(11.42) 25.44(13.31) 28.67(13.83) | 0.011 | 0.011 | 0.008 | 22.13(16.04) 25.50(17.16) 30.63(19.43) 0.109 | 0.018 | 0.018

Notes: Values are mean (SD).

*: P<0.05

Table 2: Clinical features of participants at Baseline, 1% week after intervention and 2" week after intervention in the KT and control group.

P,: P values were calculated with Wilcoxon signed-rank test, compared between the baseline assessment and 1* week assessment.
P : P values were calculated with Wilcoxon signed-rank test, compared between the 1st week assessment and 2" week assessment.

P,: P values were calculated with Wilcoxon signed-rank test, compared between the baseline assessment and 2" week assessment.
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In Aguilarferrandiz et.al’s study, the extracellular fluid in patients
with chronic venous insufficiency [22] is usually a consequence of
changes in the hydrostatic pressure and the level of proteins [23]. In
contrast, the edema in post-stroke CRPS-1 is usually developed after
tissue injury. As a response to tissue damage, various inflammato-
ry cells and other exudates migrate to the injury site and release in-
flammatory mediators. Hence, the CRPS-1 swelling contents likely
contain a higher level of protein substances [24]. The effect of KT
on edema may be related to the effect of exu-date drainage and it
does not change capillary permeability. Thus, the edema that occurs
in Post-stroke CRPS-1 patients with higher concentration of protein
in the edema may not benefit from KT [25].

Another possibility of the contrasting results in edema could be
due to the different measurement methods for the swelling. Agui-
larferrandiz et.al. used bio-impedance to assess the swelling, which
measures at a cellular level. Our study used “volume” to measure the
swelling. In fact, Aguilarferrandiz et.al. also measured the “volume”
for KT intervention in their post-menopausal subjects with chronic
venous insufficiency. They applied a 4-week period of KT on the
subjects’ medial and lateral gastrocnemious muscle. They found no
significant decrease in edema [26].

Three out of the twelve participants experienced the problem of
skin allergy during application in this study while few previous stud-
ies reported similar problems. Mikotajewska [27] reported a case of
skin allergy during KT application, the author hypothesized that the
allergy may be related to the substances used when tape is prepared
and manufactured to eliminate the possibility of skin preparation sub-
stance allergy, we used clean water to prepare the skin and it was then
dried with care. We found the outcome was encouraging. However,
still 25% of the participants in the experiment group experienced a
skin allergy, possibly due to the humid weather in southern China
where the yearly average humidity level is up to 77%. Further studies
are needed to address the skin allergy issue in post-stroke CRPS-1
patient.

The limitations of this research were that there was an absence of
a group with no intervention given and there was no placebo group. If
these were present in the design, more conclusive information may be
available and brought forward. However, due to ethical consideration,
no intervention for the control group could not be possible. In our
study, we excluded the treatments that may carry medical effects to
reduce pain and edema to address this limitation. The sample size in
this study was also small and a larger population needed to be studied
in the future. Furthermore, the majority of stroke patients recruited
in this study were ischemic, it should be cautious to generalize these
results to other types of stroke.

Conclusion

In conclusion, this study suggested that patients with post-stroke
CRPS-1 benefit from the application of KT regarding pain range of
shoulder pain-free lateral rotation and upper extremity function. KT
can play a role as an adjunct treatment modality in a multi-modal ap-
proach to CRPS type 1 management after stroke. To our best knowl-
edge, this is the first study on the application of KT for the treatment
of post -stroke CRPS-1 patient. Further study with a larger sample
size is recommended to further examine the clinical effects of KT
for people suffering from post-stroke CRPS-1. Given the fact that
the application of KT is a comfortable, time-saving and labor-saving
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treatment, it can be a promising adjunct treatment modality for post-
stroke CRPS-1 patients. However, more research is warranted.
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