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Abstract: The purpose of this study was to evaluate the effects of wrist stabilization exercise combined
with taping on wrist pain, disability, and quality of life in postpartum women with wrist pain.
Forty-five patients with wrist pain were recruited and randomly divided into three groups: wrist
stabilization exercise + taping therapy (WSE + TT) group (n = 15), wrist stabilization exercise
(WSE) group (n = 15), and control group (n = 15). The WSE + TT and WSE groups performed
wrist stabilization exercises for 40 min (once a day, five times a week for eight weeks), and the
control group performed passive range of motion (P-ROM) exercise for the same amount of time.
Additionally, the WSE + TT group attached taping to the wrist and forearm during the training period.
The visual analogue scale (VAS) was used to assess pain level of the wrist. The Disabilities of the
Arm, Shoulder and Hand (DASH) and the Short Form-36 (SF-36) were used to evaluate the degree of
wrist disability and quality of life, respectively. The WSE + TT group showed a significant decrease
in wrist pain and functional disability compared to two groups (p < 0.05). Significant improvement in
the SF-36 score was observed in the WSE + TT and WSE groups compared to that in the control group
(p < 0.05). However, there was no significant difference between the WSE + TT and WSE groups in
the SF-36. Our findings indicate that wrist stabilization exercise combined with taping is beneficial
and effective in managing wrist pain and disability in postpartum women with wrist pain.

Keywords: postpartum; wrist pain; stabilization exercise; taping

1. Introduction

Physical problems in women after childbirth are considered a risk factor for health
and emotional well-being, and musculoskeletal pain in various areas, such as the back,
neck, and shoulders, is common [1]. The wrist is a biaxial joint that is placed in various
positions during functional activity [2] and is exposed to various types of stress such as
load pressure, torsion, and traction [3]. Wrist pain that occurs after childbirth is called
“de Quervain’s disease” or “baby wrist” and is common in clinical practice [4]. The laxity
of the peripheral joints increases during pregnancy [5], which is known as a risk factor for
joint pain and damage [6]. In addition, abuse of the wrist, such as lifting or carrying the
baby repeatedly and for a long time and wrapping the baby while breastfeeding, causes
muscle strain around the wrist joint [7].

In a study that investigated the pattern and cause of wrist pain in women after
childbirth, 57.5% of women had wrist pain after childbirth, and 84% reported that it
lasted more than two months after childbirth. In addition, the pain pattern was bilateral,
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most of the symptoms were expressed on the radial side of the wrist, and it was reported
that the risk of wrist pain was more than twice as high in the case of breastfeeding [5].
These symptoms develop into chronic pain, which can cause serious dysfunction, quality of
life problems, and reduced work time; therefore, appropriate management is necessary [8].
Taping intervention is easy to apply, can be applied to various parts of the body,
and provides fixation and protection to the applied part. Thus, it has been used for the
management of pain and swelling caused by acute injury and for the purpose of prevent-
ing damage to joints and soft tissues in the clinic and sports fields [9]. However in the
past 20 years, various application methods and physiological effects of taping have been
reported in various types of patients and subjects. According to the previous studies,
taping methods show positive effects on the alleviation of pain caused by muscle fa-
tigue [10], the increase of gait and balance function in strokes [11,12], and the manage-
ment of pain and functional disability in patients with epicondylitis [13], wrist pain [14],
and hand osteoarthritis [15]. Interestingly, however, some studies reported that therapeutic
exercise combined with taping improves pain relief and motor function more effectively
than exercise only [11,13]. In addition, in a review study on the effect of upper extremity
muscle strength training, it was found that pain was significantly improved compared
to that in the control group, which performed only simple fixation of the wrist. In order
to manage musculoskeletal disorders and joint damage, such as of the elbows, wrists,
and hands, it is important to select an exercise type suitable for the joint condition [16].
Stabilization exercise provides stability to unstable joints by improving the balance
of the muscles around the joint and muscle activation [17,18]. Although several stud-
ies reported that stabilization exercise effectively relieves pain and disability following
musculoskeletal problems such as low back pain and osteoarthritis [19,20], there was no
clinical trial to determine the effectiveness of stabilization exercise on wrist pain and dis-
ability. In addition, the effect of the combination of stabilizing exercise and taping on the
management of various symptoms caused by the joint laxity due to childbirth is unclear.
Therefore, this study aimed to investigate the effects of wrist stabilization exercise with
taping on wrist pain, disability, and quality of life in postpartum women with wrist pain.

2. Materials and Methods
2.1. Participants

Forty-five postpartum women with wrist pain living in Gimcheon City, South Korea
participated in this study. All subjects included in the study had a visual analogue scale
(VAS) of 30 mm or higher, had never experienced wrist pain before pregnancy, and had
given birth within 1 year. Subjects taking pain-related medications or receiving other
treatments were excluded. Informed consent was voluntarily obtained from all subjects
before participation in our study, which was approved by the Institutional Review Board
(IRB) of Gachon University (IRB no. 1044396-202010-HR-184-01) and enrolled in the clinical
research information services that comply with the World Health Organization international
clinical trial registry platform (clinical trial number: KCT0006011). We used G*power 3.1.9.4
software (Heinrich-Heine-University Diisseldorf, version 3.1.9.4, Diisseldorf, Germany)
to calculate the sample size. In the present study, the mean power was set at 0.8 and
the alpha error at 0.05. The effect size was set to 0.7168604 based on the pilot study
(15 subjects). The analysis of G*power software shows that at least 36 participants should
make an acceptable group sample size; thus, 45 participants were recruited in consideration
of drop-out.

2.2. Protocol

This study was designed as a double-blinded and randomized controlled trial (RCT) pi-
lot study. To recruit participants, a poster was attached to various community organizations
such as the obstetrics and gynecology clinic, women’s welfare centers, postpartum care
centers, apartments, and the community-service center located in Gimcheon city. In ad-
dition, guidance documents for the recruitment of research subjects were promoted to
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the local online community for postpartum women. After recruitment of the participants,
an explanation and a consent of the study were obtained. In order to minimize selection
bias, randomization was performed, and the subjects were then categorized into the wrist
stabilization exercise + taping therapy (WSE + TT), wrist stabilization exercise (WSE),
and control group, with 15 subjects in each group. All subjects visited G University on the
first day (Monday) of the study participation to perform interventions in their assigned
group. Subjects received individual training on intervention methods from the researchers
and also performed exercises under the supervision of a physical therapist. Subjects per-
formed the trained exercise intervention by themselves for another 4 days in their home.
All participants visited G University every Monday for 8 weeks and were checked for
individual pain and disability. The research team trained the optimal exercise method
according to the individual condition of the subject, and the participant performed it the
same for the remaining 4 days. Subjects received a daily phone call from the researcher to
confirm whether or not they performed the exercise intervention and also asked questions
about interventions or physical problems of the wrist. None of the subjects participating in
this study were dropped out due to not performing more than two exercises. A total of
45 subjects received a measurement 1 day before the intervention and 1 day after the final
intervention (Figure 1).

Postpartum women with wrist pain
were recruited for participation
according to selection criteria (n = 45)

Excluded (n = 0)
| «Not meeting inclusion criteria (n = 0)
+Declined to participate (n = 0)

h 4

Randomization and
Baseline assessment (n = 45)

Allocation

h 4 A 4 A 4

WSE + TT group (n = 15) WSE group (n = 15) Control group (7 = 15)
+Received the wrist stabilization +Received the wrist stabilization +Received the passive range of
exercise + taping therapy (n = 15) exercise (n = 15) motion exercise (n = 15)
+40 sessions for 8 weeks +40 sessions for 8 weeks +40 sessions for 8 weeks
)
v * A J
After final intervention and post test After final intervention and post test After final intervention and post test
(n=15) (n=15) (n=15)
A A 4
Analyzed (n = 15) Analyzed (n = 15) Analyzed (n = 15)

Figure 1. Flow diagram of participants throughout the study.
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2.3. Intervention

The intervention method was determined by three physical therapists with more
than 5 years clinical experience in musculoskeletal rehabilitation and two professors in
the department of physical therapy based on clinical experience and previous research
and reference.

The WSE + TT and WSE groups performed wrist stabilization exercises for 40 min
a day for 8 weeks, using elastic bands and dumbbells. After fixing the elastic band to a
ring, an isometric contraction exercise was performed for the wrist flexor and extensor
and radial- and ulnar-deviation muscles in a sitting position so that the elastic band was
at the front, back, left, and right sides of the body. In each direction, three sets of 10 rep-
etitions were performed as a method of maintaining for 10 s against resistance, and a
1 min break between sets was provided. In addition, the dumbbell was held in the hand
in a sitting position, and the arm was raised to the front, back, and sideways (shoulder
flexion, extension, abduction, adduction) to the height possible while maintaining the wrist
in a neutral position for 10 s. Each was performed 10 times. Thera-Band (TheraBand,
Akron, OH, USA) offers a different amount of resistance depending on the band color.
Therefore, the Thera-Band band of appropriate strength was selected for each patient by the
therapist. Dumbbells were gradually increased from 0.5 kg to 2 kg according to the patient’s
condition every week (Supplemental Figure S1). The control group performed passive
range of motion (P-ROM) exercise for shoulder flexion, extension, abduction, and adduc-
tion, wrist flexion, extension, and radial and ulnar deviation instead of stabilization exercise
for the same time as the other groups for the same time period (Supplemental Figure S2).

For taping, an elastic tape of about 60-80 cm in length was used depending on
the length of the forearm, and with the muscle stretched as much as possible, the wrist
extensor and flexor muscles were attached from the origin to the insertion site of the muscle.
An elastic tape of approximately 15 cm in length was wound around the wrist one round
starting from the radial side of the wrist (Supplemental Figure S3).

2.4. Outcome Measurements

Participants were evaluated before and one day after the final intervention by three
well-trained physical therapists, who did not have any information on the subjects and
the purpose of this study. The 100-mm VAS was used to measure the degree of pain,
and it is a clinical tool that is widely used to measure subjective pain in the clinic and in
researches [10,14,21]. The VAS subjectively displays the pain intensity that the patient feels
by using a 100-mm horizontal line marked from 0 to 100 from left to right, with 0 meaning
no pain and 100 meaning maximum pain.

The Disabilities of the Arm, Shoulder and Hand (DASH) questionnaire was used
to assess wrist dysfunction. The DASH questionnaire is the most widely used outcome
assessment tool in hand and arm surgeries worldwide and consists of 30 questions on
a 5-point ranking scale that evaluate motion performance. The total score is 100 points,
and the higher the score, the more severe the dysfunction. The internal consistency of the
Korean version of the DASH was 0.94 [22].

In order to evaluate the quality of life, we used the Short Form 36 (SF-36) questionnaire,
which is commonly used to evaluate the person’s quality of life in clinical practice [23].
The SF-36 is a 36-item health survey that consists of eight scales for physical and men-
tal health. Physical health consists of physical functioning, role-physical, bodily pain,
and general health, and mental health includes vitality, social functioning, role-emotional,
and mental health. Each question consists of 2 to 6 points, and the higher the score,
the higher the quality of life [24].

2.5. Data Analysis

SPSS 21.0 (IBM, Armonk, NY, USA) was used for all statistical analysis, and the
normality test of variables was performed using the Shapiro-Wilk test. For the difference
in variance among the three groups before and after the training, one-way ANOVA was
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used. For the post hoc analysis, the Bonferroni test was used. The paired ¢-test was used for
within-group comparison. The statistical significance level of all data was less than 0.05.

3. Results
3.1. General Characteristics of Subjects

In this study, 45 postpartum women with wrist pain completed the pre- and post-test.
The general characteristics are shown in Table 1. There was no significant difference in
baseline between the groups.

Table 1. Common and clinical characteristics of the subjects (1 = 45).

. WSE + TT Group WSE Group Control Group
Variables (n = 15) (n=15) (n =15) p
Age (years) 31.60 + 4.64 3147 £5.24 30.13 £ 6.02 0.709
Height (cm) 163.33 £ 5.34 161.80 £ 5.86 162.13 £ 5.07 0.720
Weight (kg) 57.47 + 5.50 56.07 + 4.17 54.67 + 5.35 0.324
Duration of wrist pain (months) 5.93 +2.28 6.27 +2.84 6.00 + 3.68 0.949

Wrist stabilization exercise + taping therapy (WSE + TT), wrist stabilization exercise (WSE). Values are expressed as the mean =+ standard

deviation (SD).

3.2. Changes of Pain and Disability after Intervention

The pain and disability in the WSE + TT group (change values, —39.20 £ 11.21 mm,
—7.33 £ 3.96 score, respectively) showed significant decreases compared to that of the
WSE group (change values, —21.93 £ 15.35 mm, —4.00 £ 3.14 score, respectively) and the
control group (change values, —3.87 £ 8.31 mm, —0.67 £ 2.09 score, respectively) after the
intervention (Table 2, Figure 2).

3.3. Changes of Quality of Life after Intervention

The SF-36 score was significantly different among the three groups, and that of the
WSE + TT group (change values, 6.27 & 3.22 score) and the WSE group (change values,
5.13 & 4.12 score) showed significantly greater improvement than that of the control
group (change values, 0.53 £ 1.30 score) after the training. However, SF-36 scores were
not significantly different between the WSE + TT and WSE groups after the intervention
(Table 2, Figure 2).
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Table 2. Comparison pre-test and post-test among the three groups (n = 45).

WSE + TT Group WSE Group Control Group
p
Pre-Test Post-Test ES Pre-Test Post-Test ES Pre-Test Post-Test ES
VAS (mm) 64.53 + 9.26 2533 +9.76 * —4.11 59.60 +13.86 37.67 £16.12* —1.45 60.00 + 13.30 56.13 + 11.83 —0.31 0.001
DASH (score) 41.40 4+ 2.82 34.07 +£3.77 * —2.15 39.40 +4.15 35.40 4+ 3.94 * —0.98 40.27 +3.90 39.60 4+ 4.72 —0.15 <0.001
SF-36 (score) 69.47 + 6.29 75.73 £ 4.71* —-1.1 70.33 + 8.23 75.47 + 6.50 * —0.68 68.27 + 6.23 68.80 + 6.10 —0.09 <0.001

Values are expressed as the mean = standard deviation (SD). * Significant differences between pre- and post-test (p < 0.05). Effect size (ES); visual analogue scale (VAS); Disabilities of the Arm, Shoulder and
Hand (DASH); Short Form-36 (SH-36). Wrist stabilization exercise + taping therapy (WSE + TT), wrist stabilization exercise (WSE).

0 — ‘5; 10 . *
Z 0 b
_ T o — e -
E -10 ; & == g 8
E, = g
3 g ! s
@ -20 3 ' s 6
5 2 4 g s
G - =
o 30 g + 4
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g X = N
E -40 b - t
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WSE+TT group  WSE group  Control group WSE+TT group WSE group  Control group

Figure 2. Changes of pain, disability, and quality of life following the intervention. * Significant difference compared to the control group (p < 0.05). * Significant difference compared to the
WSE group (p < 0.05).
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4. Discussion

This study investigated the effects of wrist stabilization exercise combined with taping
on wrist pain, functional disability, and quality of life in postpartum women with wrist
pain. In our results, the WSE + TT group, which performed taping and wrist stabilization
exercises, showed significant decreases in wrist pain and functional disability compared to
the WSE and control groups, and a significant difference was also found between the WSE
and control groups. Joint instability due to the increased ligament laxity causes traumatic
damage to the joint tissues and musculoskeletal pain [25]. A previous study reported
that patients with joint instability disorders have impaired proprioception, and exercise
intervention could alleviate joint instability and hypermobility [26]. Daman et al. suggested
that stabilization exercise reduced the degree of pain by improving proprioceptive sensation
and joint stability [27].

Similar to these results, present studies also show the significant relief of pain in
two groups performing stabilization exercises, and taping interventions made this effect
more evident. In a study comparing the effect of taping and elastic bandage on wrist-
joint-position sensation, it was found that the group who applied taping significantly
improved the proprioception compared to the group who applied the elastic bandage [28].
Externa supports, such as taping and elastic bandages, improve joint movements by fixing
or supporting unstable joints because they could affect the mechanoreceptors or stimulate
proprioception in the application site [29]. Long et al. reported that the proprioceptive
performance was significantly improved following taping application to the ankle joint in
the weight-bearing condition, and they suggested that this is significantly correlated with
an increase in the “comfort” felt by the participants [30]. They speculated that the central
nervous system interpreted the optimal mechanical receptor and proprioceptor loads given
by taping as comfort.

In the case of patients with chronic ankle instability, the taping application to the
ankle joint reduced postural sway and the muscle activity of the lower limb to maintain
posture during the single leg balance test. Through this, they suggested that taping could
be considered an option to safely restore physical activity by improving joint stability [31].
In this study, functional movement was improved by wrist stabilization exercise, and taping
intervention enhanced this effect similar to the pain measurement situation. According to
various studies and our experience, decreased muscle stiffness in surrounding muscles to
which taping was applied and increased functional movement are commonly caused [32].
This may be due to the relief of unnecessary muscle tension by the stability provided
by taping and also induced through stimulation of the muscle spindle and the Golgi
tendon organs. Taping could also improve the functional movement of the joint by induc-
ing strengthening and recovery of the muscles using the reciprocal inhibitory effect [33].
Several studies have reported the direct and indirect effects of taping intervention on
increasing muscle strength [34,35], which is suggested to be the result of spatial summa-
tion from a large number of presynaptic nerve fibers at the taping attachment site and
stimulating the gamma motor nerve of the skeletal muscle under the attached skin of the
taping to increase the tension of the fiber itself. In a study in which taping was applied
to patients with carpometacarpal joint injuries, it was reported that there was an effect of
reducing pain and enhancing muscle strength [36], and Cho et al. [37] reported that the
grip strength and muscle activity improved as a result of taping in patients with lateral
epicondylitis. However, according to a previous review study on the therapeutic effect of
taping, only-taping intervention cannot show the effects of physical therapy modalities
such as electrical stimulation or therapeutic exercise. It has been suggested that taping
intervention is effective in reducing pain and improving movement when applied in combi-
nation with physical therapy modalities [15]. It has been reported that applying repetitive
exercises in parallel with taping relieves muscle fatigue and muscle damage [38], and the
results of this study are thought to be due to the combined effect of exercise rather than
taping alone. Therefore, the effect of taping is believed to be more effective when combined
with exercise than when applied alone.
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This study also investigated the changes in quality of life after training. The SF-36
score of the WSE + TT group and WSE groups showed a significant improvement compared
to that of the control group. Body dysfunction and disability are considered a risk factor
for deteriorating subjective and mental health, and the risk of depression increases with
functional limitations after childbirth [16]. Several studies reported that the quality of life
also significantly improved as the pain decreased, and the function improved through
stabilization exercises [39,40]. In this study, the significant improvement in the SF-36 scores
of the WSE + TT and WSE groups compared to that in the control group is thought to
be due to the reduction of negative emotions such as discomfort and stress through the
reduction of physical symptoms. However, there was no significant difference in the SF-36
score between the WSE + TT group and the WSE group, which is thought to be due to
the fact that the SF-36 was less sensitive to the measurement of the function of the upper
limb, and the difference in the degree of improvement between groups was not large in the
mental health part.

This study investigated the effects of wrist stabilization exercise combined with taping
on wrist pain, functional disability, and quality of life in postpartum women with wrist
pain. However, this study has some limitations. This study was designed by calculating
the number of samples according to G-power analysis, but nonetheless, it is difficult to
generalize the results of the study due to the small number of subjects. In addition, the
level of activity, time, and occupation related to childcare or housework were not analyzed,
so the influence of other factors that may affect wrist pain was not considered. In future
studies, it is necessary to classify groups according to pain, dysfunction, or activity level
of the wrist (whether breastfeeding, time to hold a baby, etc.) and compare the effects
of taping combined with wrist stabilization exercise. In addition, a long-term follow-up
study is needed to determine the duration of the effects of wrist stabilization exercise
with/without taping intervention on pain and function in postpartum women.

5. Conclusions

This study demonstrated that wrist stabilization exercise combined with taping is
effective in reducing the degree of pain and disability in postpartum women with wrist
pain. Therefore, we suggest that wrist stabilization exercise and taping intervention can be
effectively used in hospitals and facilities managing postpartum women to control wrist
pain and functional impairment.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/ijerph18073564/s1, Figure S1: Wrist stabilization exercise in groups WSE + TT and WSE.
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