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Abstract

Background: Maintaining physical function and preserving spinal flexibility have been challenging in managing ankylosing
spondylitis (AS). Most rehabilitation programs, including manual therapy, massage, hydrotherapy, and acupuncture, cannot be
performed at home. The effect of transcutaneous electrical nerve stimulation (TENS) was validated in treating AS, but no home
TENS system has explored its efficacy to date.

Objective: This study aims to evaluate the efficacy of a home TENS system with a novel treatment program for patients with
AS.

Methods: Themodified WeHeal TS-200 TENS and gal vanic response system provided home-based TENS treatment for patients
with AS. Patients were divided into a 2-month course group and a 1-month course group. After thefirst treatment course, patients
went through a washout period for the same duration of their trestment course. Participants could decide whether to accept the
second course of treatment. The Bath Ankylosing Spondylitis Disease Activity Index (BASDALI), Bath Ankylosing Spondylitis
Functional Index (BASFI), Schober test, finger-to-floor flexion test, enthesis score, cytokines, chemokines, inflammatory factors,
and immunoglobulins were measured to evaluate its efficacy. The clinical trial protocol (1096607481) received approval from
the Ministry of Health and Welfare in Taiwan.

Results. A total of 9 patients (5 in a 2-month course group and 4 in a 1-month course group) completed the first treatment
course, and 5 patients (4 in a 2-month course group and 1 in a 1-month course group) completed the sequential treatment course.
The weighted results showed that patients reported an improving BASFI score (mean difference 0.9, SD 1.7; P=.03) after
treatment. Looking into thetrgjectories, declined BASFI and BASDAI scoreswere noticed during treatments; this scoreincreased
during the washout period. There wereimproving trendsin the Schober test (mean difference 1.9, SD 4.9; P=.11) and finger-to-floor
flexion test (mean difference —0.6, SD 9.5; P=.79), but the results were not statistically significant. The response of cytokines,
chemokines, inflammatory factors, and immunoglobulins before and after treatment did not show aconsistent trend, and all results
were not statistically significant (all P>.05).

Conclusions: The home TENS device demonstrated a potential role in AS management. It may improve accessibility and
adherence for patients with AS and provide remote monitoring for clinicians. Further research can compare the effectiveness of
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electrotherapy at home or in amedical setting and focus on integrating the home TENS system and exercise program to enhance

patients' physical functions and spinal flexibility.

(JMIR Form Res 2024;8:€58048) doi: 10.2196/58048
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Introduction

Ankylosing spondylitis (AS), a subset of prevalent axia
spondylarthritis, is an inflammatory disorder mainly affecting
the axial skeleton and sacroiliac joints [1] and affects
approximately 0.1% and 1.4% of the popul ation, predominantly
young and middle-aged adults [2-4]. The prevalenceis2to 3
times higher in men than women [5,6]. Moreover, patientswith
AS often have physical restrictions, which result in sick leave,
unemployment, and heavy social burden [7].

Treatment goalsfor ASinclude reducing symptoms, improving
and maintaining spinal flexibility, reducing functional
limitations, maintaining the ability to work, and decreasing the
complications associated with the disease [1]. Therefore, in
addition to pharmacological interventions, active exercise and
rehabilitation programsare essentia to maintain physical activity
in patients with AS. For example, manual therapy, massage,
hydrotherapy, electrotherapy, and acupuncture have been
adopted as rehabilitation programs for AS [8]. The patient’s
functional statusand quality of life can be preserved using these
approaches[9,10]. The combination of transcutaneous el ectrical
nerve stimulation (TENS) and balance and postural stability
exercises have synergic effects on improving physical function
and self-reported symptoms [11].

TENS and el ectroacupuncture have been widely used in patients
with AS to control pain, improve physical functions, and
enhance mobility [12,13]. Although TENS has been proposed
asan effectivetreatment for AS since 1984 [14,15], the settings
of electrical stimulation, including waveform, pulse frequency,
and pulse width, still mainly rely on the experience of doctors
and physical therapists. Therefore, programming and feasibility
are critically important in the daily treatment of patients with
AS. However, the information on effective protocols for ASis
limited.

Most importantly, patients with AS receive TENS and
electroacupuncture predominantly in clinicsand hospitals, which
may lead to poor adherence and efficacy. To our knowledge,
no previous clinical trial focused on the home electrical
stimulation rehabilitation program for patients with AS.
Therefore, the study aims to evaluate the efficacy of an

https://formative.jmir.org/2024/1/e58048

innovative home electrical stimulation rehabilitation program
in AS.

Methods

Clinical Trial Device and Treatment Protocol

WeHea TS-200isaclass- || home medical device approved by
the Taiwan Food and Drug Administration (TFDA), with 4
classified functions. TENS, eectrical muscle stimulation,
galvanic response, and bioelectrica impedance analysis. The
device's standard hardware features monophasic and biphasic
square waves, with a frequency range of 1-200 Hz and awave
width spanning 80-440 Hz. Inthistrial, wemodified thedevice's
TENS and galvanic response system to treat AS and record the
galvanic response of the patients, respectively. We
reprogrammed the firmware of the device and designed a
preconfigured 60-minute trestment module—monophasic square
wave; wave width: 200 s; and pulse frequency: 7 Hz (15
minutes), 194 Hz (15 minutes), 91 Hz (15 minutes), and 40Hz
(15 minutes). The design of the right-skewed, bell-curved pulse
frequency course stemmed from the previousliterature, and the
selected frequency isrelated to the healing frequency of “spine,”
“fibrosis,” “anti-inflammation,” and “back pain” [16,17]. The
size of the electrode pad (square, 5x10 cm) was designed to
cover the average spine width. One electrode pad connected to
the white electrode (positive electrode) was placed around the
S2-4 level, and the other electrode pad connected to the black
electrode (negative electrode) was placed around the T-10 level
(Figure 1). The current intensity was gradually increased to the
individual tolerance of patients, which did not trigger pain.
Before and after each treatment, the reprogrammed firmware
commanded the device to measure the bioimpedance between
2 electrodesin predicting the condition of patients’ lower back.
The modified device for this trial stored the number of
treatmentsthe patient received in 4 weeks (5 treatments aweek)
and each galvanic response (100 Hz biphasic square wave;
measuring voltage 1.98 Vp-p) data in its memory. Next, the
devicetransmitted dataviaBluetooth to the research assistant’s
phone when patients returned to the clinic. Finaly, the data
were sent to doctors computers (Figure S1 in Multimedia
Appendix 1).
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Figure 1. The scheme of WeHeal TENS and galvanic response system. TENS: transcutaneous el ectrical nerve stimulation.

Around T-10 level

electrode
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Around S2-4 level electrode
7 Hz 194 Hz 91 Hz 40 Hz
15 minutes 15 minutes 15 minutes 15 minutes
5 treatments/week = approximately 4-8 weeks
Study Design (Figure S2 in Multimedia Appendix 1). During the trial,

The study recruited patients diagnosed with AS aged between
20and 70 years, all of whom experienced chronic pain persisting
for more than 3 months and had avisual analog pain scale score
greater than 3. Patients with pacemakers or who had received
steroid therapy, joint injections, or TENS as part of a
rehabilitation program were excluded from the study.

Potential participantswereinitially screened by rheumatol ogists
during outpatient visits. Following this preliminary screening,
the trial researcher conducted a detailed evaluation to confirm
whether these cases met the study’sinclusion criteria. Informed
consent was obtained from each participant before their
inclusion in the study. Participants were divided into a2-month
course group and a 1-month course group. Upon completing
the initial treatment course, participants underwent a washout
period of the same duration as their treatment course. After the
washout period, participants could choose whether to proceed
with a second course of treatment. M easurements were taken
at 4time points: upon enrollment, after the first treatment course,
after the washout period, and after the second treatment course

https://formative.jmir.org/2024/1/e58048
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participants did not receive other exercise or rehabilitation
programs. Theclinical trial protocol received approval from the
Ministry of Health and Welfarein Taiwan (TFDA clinical trial:
1096607481).

Covariates

We collected basic demographics from patients, including age,
sex, timeinterval from the AS diagnosis date to the index date,
comorbidities (diabetes mellitus, hyperlipidemia, sciatica,
asthma, arthropathy, psychological disorders, and iridocyclitis),
and concurrent medications (cyclooxygenase-2 inhibitors,
muscle relaxants, and sulfasalazine).

Outcomes

Using measurementsin 4 domains, we evaluated the program’s
efficacy by evaluating the changesin self-rating scores, physical
examinations, blood tests, cytokines, and inflammatory
biomarkers. Self-rating scores comprised the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) and Bath
Ankylosing Spondylitis Functional Index (BASFI) [3,18]. The
BASDAI and BASFI scoresranged from 0 to 10. Higher scores
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indicated more functional limitationsand higher disease activity.
The physical examination focused on the Schober test [19], the
finger-to-floor flexion test [20], and the enthesis score [18].
Increasing Schober test results represented theincreasing lumbar
spinerange of motion. By contrast, |lower finger-to-floor flexion
test and enthesis scores indicated improving clinical condition.

Immunoglobulin (1g) levelswere evaluated, including 1gG, 1gA,
and IgM [21]. Serum cytokines and chemokines including
interleukin-13 (IL-1R), IL-3, IL-17F, IL-22 [22,23], monocyte
chemoattractant protein 1 [24], and monodansyl cadaverine were
tested [25]. Other inflammatory factors, such as erythrocyte
sedimentation rate and C-reactive protein [26], were measured
to represent AS disease activity. Theresults of galvanic response
in each treatment were recorded in the level of skin impedance
(Q) between 2 electrodes. Lower impedance level s represented
higher conductance, which indicated muscle and fascia
relaxation.

Statistical Analyses

Descriptive statistics were used to assess patient demographics,
number and percentage for categorical variables, and the mean
(SD) and median for continuous variables. Wilcoxon signed
ranked test was conducted for paired results before and after
TENStreatment [26]. Statistical analyseswere conducted using
SAS (version 9.4; SAS Institute). A P value of <.05 was
considered statistically significant.

Ethical Considerations

The study followed the ethical guidelines of the Declaration of
Helsinki and received approval from the institutional review
boards of Kaohsiung Medical University Hospital (approval:
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KMUHIRB-F(1)-20200093; date: June 12, 2020). All
participants gave their implied consent to take part in the study.
Each participant received a subsidy of NTD 5000 (US $155).
They were informed that their participation was voluntary and
that they could choose to withdraw at any time. To ensure the
legitimate use of research data and safeguard the rights and
interests of the participants, the data exclusively served the
purpose of thisresearch. Throughout the study period, datawere
anonymized using codes to protect the privacy of the
participants. The data were securely stored on a dedicated
computer or hard drive and maintained in strict confidentiality.
Access to the data was controlled by the principal investigator
through relevant passwords.

Results

Clinical Demogr aphics of Participants

First, 10 patients were recruited and 1 was excluded.
Consequently, 9 patients (male: n=6, 67%; female: n=3, 33%)
were enrolled in the first course of treatment. The average
interval from the diagnosis date to the index date was 3.3 (SD
2.6; median 3.5, IQR 3.6) years (Table 1). The average number
of treatments for the first course was 33.0 (SD 8.8; median 31,
IQR 11.0; maximum 48). Eight (89%) out of 9 patients
concurrently took cyclooxygenase-2 inhibitors, two-thirds (n=6,
67%) took sulfasalazine, and 4 (45%) took muscle relaxants.

Next, 5 patients continued the second course of treatment. The
average number of treatments in the second course decreased
t015.3 (SD 3.9; median 15.3, IQR 7.0; maximum=21) and 77%
of the recommended treatments. In sum, 14 treatment courses
were completed in this study.
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Table 1. Basic characteristics of the study population (n=9).

Linetd

Characteristics Values
Age (years)

Mean (SD) 34.1(8.8)

Median (IQR) 31.5(14.8)
Interval (years, from diagnosis date to the index date)

Mean (SD) 3.3(2.6)

Median (IQR) 35(3.6)
Sex, n (%)

Male 6 (67)

Female 3(33)
Comorbidity, n (%)

Diabetes mellitus 1(12)

Hyperlipidemia 3(33)

Sciatica 2(22)

Asthma 2(22)

Arthropathy 1(11)

Psychological disorder 1(11)

Iridocyclitis 1(12)
Concurrent medications, n (%)

Cyclooxygenase-2 inhibitors 8(89)

Muscle relaxants 4 (44)

Sulfasalazine 6 (67)

Changesin Clinical Evaluations Before and After
TENS Treatment

The weighted results showed that patients had improved
self-rating scores after treatments, particularly the BASFI score
(mean difference—0.9, SD 1.7; P=.03; Table 2). Separately, the
BASFI score showed significant improvement after a 1-month

https://formative.jmir.org/2024/1/e58048
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course (mean difference —0.5, SD 0.6; P=.03), while the result
showed no statistical significance after a2-month course (mean
difference—1.3, SD 2.0; P=.50; Table 3). In general, there were
improving trends in the Schober test (mean difference 1.9, SD
4.9; P=.11) and finger-to-floor flexion test (mean difference
—0.6, SD 9.5; P=.79), but the results were not statistically
significant.
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Table 2. Theweighted changes of clinical evaluations before and after treatment courses (n=19)2

Precourse value Postcourse value Difference? PvalueS
Mean (SD) Median Mean (SD) Median Mean (SD) Median (IQR)
(IQR) (IQR)
Self-rating score
BASDAIY scale 3.7(2.3) 3.0(24) 2.7(2.8) 19(4.5) -1.0(2.4) -15(1.6) .08
BASFIC scale 1.8(2.2) 0.8(3.4) 0.8(1.3) 0.6 (0.4) -09(L7) -02(17) 0°
Physical examination
Schober test (cm) 46(3.8) 5.0 (7.0) 6.5 (3.5) 6.0 (2.5) 1.9(4.9) 2.0(4.3) 11
Finger-to-floor flexion test (cm) 13.1(14.2) 10.0(13.00 125(9.0) 11.0(125) -0.6(9.5) 0(5.5) .79
Enthesis score 17(2.3) 1.0(2.0) 1.9(3.1) 0(3.0) 0.2 (2.6) 0(3.0) 73
Inflammatory factors and immunoglobulins
Wed 1299.9 (294.4)  1230.0 1307.1(324.4) 1280.0 7.2(1246)  0(130.0) 8
(300.0) (480.0)
IgA 212.3(69.6) 227.0 2029(57.9) 221.0(97.0) -9.3(311 -3.0(26.0) 21
(127.0)
IgM 91.0(73.8) 79.1(74.0) 946(837)  727(87.3) 3.7(15.3) 0.6 (18.1) 31
ESRY 16.4 (11.9) 130(13.0) 147(124) 120(23.0) -17(4.8) -2.0(6.0) 15
CrRP" 5.1 (4.4) 45 (6.4) 43(21) 4.0 (4.4) -13(3.2) -0.4(45) .09

Cytokines and chemokines

IL-1] (n=18) 9.0(14.3) 5.9 (6.6) 10.9(154)  47(138)  1.8(105) -03(152) .48
IL-3 (n=18) 293.8(843.6) 7.8(197.2) 399.6(1210) 4.9(208.0) 105.9(368.6) -0.3(3.3) 25
IL-17F (n=18) 3736.0(11,741) 197.4 4035.3 205.8 299.2(892.8) 4.1(1100) .18
(236.7) (12,627) (394.4)
IL-22 (n=18) 16.8 (14.3) 13.7(80) 165(148)  121(94) -03(184)  0.3(6.0) 95
IL-28 (n=18) 105.3(190.6) 8.3(182.8) 109.0(210.3) 3.1(171.8) 3.7(24.7) 0(5.2) 54
IL-34 (n=18) 491(1259)  39(208)  628(1780) 20(27.3) 137(534) -2.0(26) 30
CCL-2 (MCP-1): n=18) 169.3(2945) 95.6(67.9) 195.1(444.6) 57.9(123.1) 25.8(1547) 0.7(57.1) 49
CCL-22 (MDC; n=18) 625.3(296.8)  587.2 600.0 (286.7) 583.8 —25.3(242.7) -785(1426) .67
(318.4) (403.4)

#The 1-month course was used as the weighting basis, and the 2-month course weighed 2. In sum, this study included nine 1-month courses and five
2-month courses, resulting in 19 weighted courses.

bDifference was calculated by the postcourse value minus the precourse value in pairs.
P value was calculated by paired 2-tailed t test for weighted paired results; P<.05.
dBASDAI: Bath Ankylosing Spondylitis Disease Activity Index.

®BASFI: Bath Ankylosing Spondylitis Functional Index.

flg: immunoglobin.

9ESR: erythrocyte sedimentation rate.

NCRP: C-reactive protein.

IIL: interleukin.

IMcp-1: monocyte chemoattractant protein 1.

kmDC: monodansylcadaverine.
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Table 3. Self-rating scores and physical examinations among patients before and after 1-month or 2-month courses.

2-month course (n=5) 1-month course (n=9)

Precoursevalue  Postcourseval-  pifference® pvaue® Precoursevaue Postcourse  pifference® P value?

ue

Mean Medi- Mean Medi- Mean Med-
(SD) an (SD) an (SD) an

value
Mean Median Men Med- Mean Medi-
(SD) (IQR) (SD) an (SD) an
(R (IQR)

(IQR) (IQR) (IR

Self-rating score
BASDAIC 3.7(15) 37 2.7 24 -1.0 -18
scde 19 (26) (@6 (25 (09
BASFd 19(20) 0832 05 0.6 -1.3 02
scale (02 (01 (20 (349

Physical examination

Schober 40(38) 50 6.3 6.0 23 30
test (cm) (700 (B0 (5 @B (1.0
Finger-to- 14.2 9.0 123 90 -19 -0
floor flex- (145 (30) (66) (1200 (115 (35
ion test

(cm)

Enthess  1.0(1.0) 1.0 0.8 0(10 02 -10
score (200 (13 (22 (3.0

.63

.50

A9

81

.94

37(24) 30(22) 26 12 -10 -11 .10
(25 45 @17 (11

17(20) 10(14) 12 05 05 05 g
(16) (08) (06 (0.9

52(28) 65(35 67 57 15 -10 299
(33) (15 (54) (28

11.8 100 127 140 09 10 .43
(107) (150) (94) (140) (28) (5.0)

24(25) 20(40) 31 20 07 0(L0) .38
(33) (7.0) (24)

8Difference was calculated by the postcourse value minus the precourse value in pairs.
bp value was calculated by Wilcoxon signed ranked test for paired results; P<.05.

°BASDAI: Bath Ankylosing Spondylitis Disease Activity Index.
9BASFI: Bath Ankylosing Spondylitis Functional Index.

Looking into trgjectories, 4 (80%) out of 5 patients reported a
declined BASDA\I score during treatments; this scoreincreased
during the washout period (Figure 2A). The BASFI score shared
a similar trend (Figure 2B). These trajectories indicated that
TENS treatment benefited patientswith ASin terms of BASDAI

and BASFI scores. In the first treatment course, al patients
performed better on Schober test, but the response in the second
course was not evident (Figure 3A). Otherwise, only patient 2
markedly improved the finger-to-floor flexion test (Figure 3B).

Figure 2. Trajectory changes of self-rating scales among 5 participants. (A) BASDAI and (B) BASFI scores. BASDAI: Bath Ankylosing Spondylitis
Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional |ndex.

(A)
BASDAI scale

Course 1_initial Course 1_final Course 2_initial Course 2_final

== Patient_1 Patient_2 Patient_3 Patient_4 === Patient_5
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Figure 3. Trajectory changes of physical functions among 5 participants. (A) Schober test and (B) finger-to-floor flexion test.

(A)

Schober test

Course 1_initial Course 1_final Course 2_initial Course 2_final

Patient_1 Patient_2 Patient 3 Patient_4 ==f==Paticnt_5

The response of immune factors, cytokines, chemokines, and
inflammatory factors before and after TENS treatment did not
show a consistent trend, and al results were not statistically
significant (all P>.05; Table 2). Moving to the results of galvanic
response, we can notice the changes before and after each
treatment (Figure S3 in Multimedia Appendix 1), which may
be agood indicator of the effect of TENS treatmentsin patients
with AS.

Discussion

Principal Findings

Thistrial revealed that the home TENS system was acceptable
to patients with AS and had a high potential to be an effective
rehabilitation program. Adherence to the treatment was good,
and patients took 165% (33/20) and 77% (15.3/20) of the
recommended number of treatments in the first and second
courses, respectively. Moreover, the data on galvanic response
showed that it is a good biomarker for evaluating the effect of
each treatment. The physician can easily monitor these
treatments every visit and read the feedback.

Overdll, patientsin thistrial reported a significantly improved
BASFI score after treatment. Although patients reported amore
remarkableimprovement in BASFI scorein the 2-month course
than in the 1-month course (mean difference —1.3, SD 2.0 vs
—0.5, SD 0.6), the statistics showed no significance because of
the small case number in the 2-month group. Theresult showed
asimilar trend in the Schober test—a mean difference of 2.3
(SD 3.1) and 1.5 (SD 5.4) in 2-month and 1-month courses,
respectively. We suppose the longer the treatment lasts, the
better the treatment outcome. L ooking into trajectories, declined
BASFI and BASDAI scores were noticed during treatments;
this score increased during the washout period. Our results
suggested that this system can improve the quality of life and
maintain spinal flexibility among patients with AS.

Although the response of immune factors, cytokines, and
inflammatory biomarkers before and after treatment did not
show a consistent trend, and all results were not statistically
significant, it has provided areference for further research.

https://formative.jmir.org/2024/1/e58048

(B)

Finger-to-flow flexion test

om

a T

Course |_initial Course 1_final Course 2_initial Course 2_fnal

*Palient 1 Patient 2 Pateni 3 Pulienl 4 ==@e==Palicnl 3

Comparison With Prior Work

Although electrotherapy, such as TENS and el ectroacupuncture,
has been widely used in current clinical practice for AS
treatment, thereislimited evidence from clinical trialsto support
its efficacy. Gemignani et a [15] conducted a double-blind
study—20 patients received 10 treatments (pulse frequency of
5 Hz; 20 minutes each time) over 3 weeks [15]. Significant
differencesin pain and self-reported stiffness over the treatment
period were found only in the treatment group. The result was
consistent with the open study by Nienhuis and Hoekstra [14].
Based on our study, thetrajectory analysis of the BASDAI score
supported that el ectrica stimulation attenuated pain and stiffness
during thetreatment period, and the symptoms rebounded during
the washout period.

According to aretrospective study, patientsin the TENS group
(n=36; pulse frequency of 100 Hz, pulse width of 100 ps, 30
minutes each time, 2 times weekly) did not show significant
improvement in pain reduction, BASFI score, and quality of
life after a 6-week treatment [13]. In this study, the median
number of treatments for patients in each course was 31 (IQR
11.0; maximum 48; first course) and 15.3 (IQR 7.0;
maximum=21; second course). Our study showed that the
BASFI score decreased significantly after treatment, indicating
an improved functional status. From our perspective, the
unsatisfied outcomes from the previous study might stem from
the insufficient treatment numbers.

Strength and Limitations

This is the first clinica tria to evauate the home-based
electrical stimulation rehabilitation program for patients with
AS. The main strength of this study was the comprehensive
evaluation of its efficacy using self-rating scores, physical
examinations, blood tests, cytokines, and inflammatory
biomarkers. Based on a home-based, modified WeHeal TS-200
system, researchers, in particular, could monitor patient’s
adherence and response to each treatment. In general, patients
prefer to receive treatment at home. An effective home treatment
program can improve accessihility, enhance adherence, and
reduce patient time and cost. However, there were some
limitations, such as the case number being relatively small.
Second, 4 (44%) out of 9 patients did not undergo the washout
period and second treatment course, resulting in most statistics
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only showing thetrend but not the significant difference. Third,
the effectiveness of treatment and the records of galvanic
response may be influenced by the decay of electrode pads.
Therefore, comparing measurement data before and after each
treatment is more clinically meaningful. On the contrary,
comparing values measured by galvanic response between
multiple treatments may interfere with the decay of electrode

Linetd

Conclusions

The home TENS system in this trial improves self-reported
health, maintains physical function, and preserves spinal flexion.
It may improve accessibility and adherence for patients with
AS and provide remote monitoring for clinicians. Further
research can compare the effectiveness of electrotherapy at
home or in a medical setting. Researchers can also focus on

pads. Finaly, patients adherence declined in the second
treatment course, which may interfere with the outcomes.
However, this condition is common in real-world situations.

integrating home electrotherapy and exercise programs to
enhance patients’ physical functions and spinal flexibility.
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