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Abstract: Chronic non-cancer pain is a highly debilitating condition affecting approximately 20% of the global
population. Chronic pain may lead to significant physical disability, emotional distress, social isolation and
financial burden. Whilst pharmacological therapies remain the cornerstone of pain management in non-
cancerous chronic pain, factors including the current opioid epidemic have led to non-pharmacological
techniques becoming a more attractive proposition. We explored the prevalence of medical device use and
their treatment efficacy in non-cancer pain management. A systematic methodology was developed, peer
reviewed and published in PROSPERO (CRD42021235384). Key words of medical device, pain management
devices, chronic pain, lower back pain, back pain, leg pain and chronic pelvic pain using Science direct, PubMed, Web
of Science, PROSPERO, MEDLINE, EMBASE, PorQuest and ClinicalTrials.gov. All clinical trials, epidemiology
and mixed methods studies that reported the use of medical devices for non-cancer chronic pain management
published between the 1¢t of January 1990 and the 30% of April 2022 were included. 13 studies were included
in systematic review, of these 6 were used in the meta-analysis with 173 participants. Our meta-analysis for
pain reduction in each study showed that transcutaneous electrical nerve stimulation combined with
instrument-assisted soft tissue mobilization treatment and pulsed electromagnetic therapy produced
significant treatment on chronic lower back pain patients. Pooled evidence revealed the use of medical device
related interventions resulted in 0.7 degree of pain reduction under a 0-10 scale. Significant improvement in
disability scores, with a 7.44 degree reduction in disability level compared to a placebo using a 50 score range
was also seen. The application of medical devices in patients with chronic pain has gained popularity due to
increasingly cost effective techniques, minimally invasiveness and greater awareness of risks associated with
pharmacological management. Our analysis has shown that the optimal use of medical devices in a sustainable
manner requires further extensive research, needing larger cohort studies with greater gender parity, in a more
diverse range of geographical locations.
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Introduction

Chronic pain is a complex condition that is burdensome at an individual and societal level. It
impacts approximately 20% of the global population with significant mobility restrictions, emotional
distress, social isolation and financial difficulty.'? The impact on society is significant with health care
expenses and lost productivity costing European economies over 200 billion dollars and the US
economy 635 billion dollars each year.? Reaffirmed by The Global Burden of Disease study 2016 which
highlighted high prevalence of pain and pain-related comorbidities as a significant source of
disability and disease burden globally.#> Chronic pain populations are heterogeneous and this
presents many challenges to patients, clinicians, clinical researchers and policy makers to design
healthcare services that can meet the complex demands. Chronic pain prevalence and incidence
varies by gender, biological sex and other social determinants. Epidemiological studies show older
women, people from lower socioeconomic backgrounds and those with physical and psychological
comorbidities are more likely to be at risk of long-term chronic pain.® Aging population means the
risk of long-term chronic pain management is ever increasing due to increased exposure to
comorbidities.”

These statistics are further impacted by changes to the global migratory patterns between
developed, emerging and developing countries. Lack of government policy, inadequate resources
precluding the formation of chronic pain clinics and limited access to effective treatments lead to
inadequate management of chronic pain in low-income countries.#1© Overcoming this disparity
required focus on education of health care professionals, building research capacity, addressing
cultural beliefs and stigmas related to pain and increasing availability of pharmacological therapies
and medical devices. In high-income countries, migratory patterns change, making the eminent
tracking of changes in prevalence and incidence of those with chronic pain challenging. The UK
experienced high levels of total long-term immigration estimated at 1.1 million in 2022.1 Of the 10
million people in the UK born overseas, approximately 37% are European, 24% Asian, 9% Black and
2% Middle Eastern.’>'® Data from Public Health England reveals that black ethnic groups have a
significantly higher prevalence of chronic pain (44%) compared to white ethnic groups (34%), with
Asian ethnic groups having comparable levels of chronic pain (35%)."* Whilst data showing
prevalence of pain in different ethnicities is applicable, data showing prevalence of pain in the
different countries which people have migrated from isn’t available. In comparison with host
populations, immigrants may display greater multimorbidity, strongly associated with chronic pain.
151617 Forced displacement, loss of social support networks and uncertainty in future employment
result in heightened emotional distress and worsening mental health contributing to poorer
responses to treatment.!

Pharmacological therapies have remained the cornerstone of pain management which
influenced non-cancerous chronic pain. In particular, the current opioid epidemic indicates global
consumption of pharmacological regimens doubling from 3.01 billion defined daily doses each year
to 7.35 billion defined daily doses between 2001 and 2013. Increases in opioid addiction and
vulnerabilities to overdosing have led to increased global mortality rising to approximately 350,000
deaths per annum.20

Therefore, non-pharmacological techniques have become more attractive to all stakeholders.
Non-pharmacological treatments for chronic pain can be categorised into two primary categories of
medical devices and complex or combination treatments. Medical devices for chronic pain
management in particular is based upon gate-control theory proposed by Melzack and Wall,
especially for those applying neuromodulation principles. Stimulation of both peripheral and central
nervous somatosensory fibres may attribute to inhibiting chronic pain.?? One of the first medical
devices used for chronic pain management are those used for spinal cord stimulation (SCS).2

Methods

A systematic methodology was developed, peer reviewed and published in PROSPERO
(CRD42021235384). The systematic methodology included an eligibility criterion and the use of
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statistical method to evaluated pooled mean differences (MD) along with a 95% confidence intervals
(CI)s.

Aims

The aim of the study was to explore the prevalence of medical device use and their treatment
efficacy in non-cancer pain management.

Search strategy and eligibility criteria

The search strategy used key words of medical device, pain management devices, chronic pain, lower
back pain, back pain, leg pain and chronic pelvic pain using Science direct, PubMed, Web of Science,
PROSPERO, MEDLINE, EMBASE, PorQuest and ClinicalTrials.gov.

All clinical trials, epidemiology and mixed methods studies that reported the use of medical
devices for non-cancer chronic pain management published between the 1st of January 1990 and the
30t of April 2022 were included. Commentaries, editorials and opinions were excluded along side of
all publications published in any other language than English.

[PRISMA diagram]

Data extraction

All studies included a population of patients with non-cancer chronic pain that were considered
to use medical devices. The data extraction methodology was developed based on a study specific
extraction template that included detailed information such as geographical location, age, sex, pain
type, interventions and key statistical indicators such as interventions, measures of tool and numeric
results. An extraction template specific to the objectives of the study was developed to gather a wider
dataset with vital data for statistical analysis. The number of studies was the number of independent
RCTs included in analysis, however sub-studies were extracted from the same clinical trials with
different duration periods. The results of different stages in one designed study can be regarded as
new sub-studies as new rows in data analysis.

Data was extracted by two investigators and any disputes for eligibility was discussed and
agreed with the Chief Investigator of the study. All studies included within the analyses were
independently reviewed.

Outcome measures

Outcomes were reported as median, standard deviation (SD), mean and confidence intervals
(CI). Mean and standard deviation were extracted as the main outcomes including pre-treatment pain
scores at baseline, post-treatment pain scores and pain score changes of each group.

A variety of interventional tools were used to assess the severity and progress of chronic pain.
These include visual analogue scale (VAS), 0-10 or 0-100), numeric rating scale (NRS), 0-10), Brief
Pain Inventory interference scale (BPI), 0-10), McGill Pain Questionnaire (MPQ), Face Pain Rating
Scale (FPRS), Oswestry Disability Index (ODI), Supine Bridge Test (SBT ), Passive Straight Leg Raise
(PSLR), Pittsburgh Sleep Quality Index (PSQI), Beck depression index (BDI), Short Form of the Brief
Pain Inventory (SF-BPI), SF-BPI pain interference with sleep. There are also other multiple tools we
did not obtain numerical results in our analysis, such as EQ-5D index , SF-36 (PCS, MCS), Pain
Acceptance Questionnaire (CPAQ).

As most widely used tools for assessing pain such as VAS, NRS use a 11-point numeric rating
scale from 0 to 10, the following standardisation formula was used to unify all pain scores into the
same scale:

10

Scaled Pain Score = Original Pain Score * ————
Scale Range

As all outcomes of interest were continuous, the calculation based on pain scores was performed
by using mean differences (MD) with a 95% confidence interval (CI) to report the effects between the
group comparisons.
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Exposures

The exposures of interest were selected based on the key features of medical device interventions
used to treat non-cancer chronic pain, including and not limited to a pain condition being the primary
or the secondary condition. Neurological and psychological symptoms leading up to the use of
medical device within the included population were also considered.

Statistical analysis plan

A meta-analysis (MA) is a statistical combination of the results of two or more independent
studies comparing two interventions. MA produces one estimate of pooling effects from the selected
pair of interventions in different 2-arm studies. Studies included in our analysis used a medical device
or device-assisted intervention in Experimental group, while placebo or non-active treatment (Sham
stimulation) in Control group. To estimate the efficacy of managing non-cancerous chronic pain with
the use of medical devices currently available, PMA was conducted based on different subset of
studies and clinical assessments. Firstly, PMA was used on studies with the same medical device as
the treatment group to see the specific efficacy of each type. However, due to the limited studies of a
certain medical device, all included interventions here in Experimental group could be regarded as a
whole of “Medical device”, and all extracted studies were included for meta-analysis.

The primary aim of this study was to provide a comprehensive understanding on use of medical
devices and their treatment effects. There are multiple outcomes associated Pain level, Motor function,
General health status and Quality of life, such as Pain intensity, Disability Index, EQ-5D index and
Sleep Quality Index. The difference in efficacy of medical device in a variety of contexts such as age
groups, gender groups, study duration and geographical location were also explored.

[2and p-value were commonly used to detect statistical heterogeneity. A value of I? larger than
50% with a much smaller p-value indicates strong heterogeneity. Correspondingly, 1 less than 50%
with a large p-value indicates fairly weak heterogeneity.?> A random effects model was chosen when
there was high heterogeneity, whereas a fixed effects model was used if weak or no heterogeneity
was detected .2* In the presence of high heterogeneity, subgroup analysis was carried out to identify
the sources of heterogeneity. To assess the robustness of the pooled results under meta-analysis,
sensitivity analysis was applied. Finally, publication bias was evaluated with funnel plots and Egger
tests.> All results of statistical analyses were produced by R and packages were used to provide
outputs in compliance with best practice and reporting guidelines.2

Results

Summary of studies included in systematic review

Table 1 presented the characteristics of the 13 studies included in systematic review with 875
participants enrolled. There are a case series study, single-arm repeated measures study, randomized
feasibility trial, randomized crossover study and the left 9 randomized controlled trials (RCTs).
Chronic low back pain was the most common pain among enrolled patients with 5 studies testing on
222 patients. 7 studies with medical devices used Nerve stimulation among 296 participants and 4
studies used Mobile Device to assist treatment for 437 participants. One study used Extracorporeal
Shock Wave Therapy and one study tested the feasibility of a newly developed activity pacing
framework.

Table 1. demonstrates characteristics of the studies included in systematic review. Chronic
pain/fatigue*: including chronic low back pain, chronic widespread pain, fibromyalgia and chronic
fatigue syndrome/myalgiac encephalomyelitis. MMEs*: Analgesic prescribing change (morphine
milligram equivalents, MMEs). Multi-tools*: Activity pacing (APQ-28), Pain (Numerical Rating Scale
0-10), Physical/mental fatigue (Chalder Fatigue Questionnaire), Depression (Patient Health
Questionnaire-9), Anxiety (Generalised Anxiety Disorder-7), Self-efficacy (Pain Self-Efficacy
Questionnaire), Avoidance (Escape and avoidance subscale of the Pain Anxiety Symptoms Scale-20),
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5
Physical/mental function (Short-Form 12), Quality of life (EQ-5D-5L EuroQol five-dimensions, five-
levels index score). APQ-28, 28-item Activity Pacing Questionnaire.
Study Author Publicat Pain Devices/Inter Countr Femal Sampl Averag Included Outcomes
. Design ops . o . .
ID s ion Year condition  vention y e (%) esize eAge in MA measures
Transcutaneou
Y. K. . . s electrical VAS, FPRS,
1 Kimet 2021  ~andomized - Chroniclow o Korea 0 32 27y ODI, PSLR,
controlled trial back pain . . 38
al. stimulation SBT
(TENS)
K. B. Dorsal root VAS, ODI,
Chapm Refractory anglion 57 EQ-5D
2 PM2019 A CaseSeries lowback 578" USA  59% 17 N index , SF-
an et . stimulation [34,71]
al pain (DRG-S) 36 (PCS,
) MCS)
P. Cliexa-EASE
3 G'oldst 2020 Randomlzeq Ch.romc back mobile USA  42% 43.23+1 VAS, BSMs
ein et controlled trial pain 5.68
platform
al.
A A Chronic Smartphone- Pain
4 Neset 2017 RandomlzedA widespread delivered Norwa 100% 48 43111 N Accep}t ance.
al controlled trial ain maintenance 2 Questionnai
: P re (CPAQ)
M. C Chronic Bipolar pulsed
5 Chang 2017 Randomlzed. lu@bosacral radiofrequenc Korea 48% 50 60.4+16. Y NRS
otal controlled trial radicular y (PRF) 3
) pain stimulation
Noam Randomized,
6 Goldw g doubleblind, o valgia ATYEEFPT el 010 3a DLy VAS, PSLR
ay et placebo- neurofeedback 82
al. controlled
Randomized,
P.B. double-blind, Chronic pulsed
7 Lee et 2006 placebo- lower back  electromagneti Korea 47% 36 755 Y NRS
al. controlled pain c therapy
study
Blinded,
B.S. . . Transcranial
8 Kang 2009 randomized Chronic _ magnetic South 45% 11 54.82+1 NRS
crossover central pain . korea 3.6
etal. stimulation
study.
D Single-arm, Activity
9 Antif 2021  rePeated Chromic — _ cing UK se% 107 o2 Multi-tools*
measures pain/fatigue 2.83
fetal. framework
study.
Randomized,
M. P. parallel, Transcranial
10 Harvey2017  double-blind, Chronic Pain directcurrent — "0 79% 14 7117 Y MPQ, SF-
. . BPI, PSQI
etal. sham- stimulation
controlled
Prospective,
A randomized, Extracorporeal
) 1 - hronic L VA! DI
11 Celik 2014  Placebo Chronic Low ) 4 Wave Turkey 70% 30 497183 Y 5 ODL,
¢ al controlled, Back Pain Th BDI
etak double-blind erapy
study
Mindfulness Chronic
G. . . meditation pain
12 Forbes 2000 ~ ~andomised —Chronic Lo odby UK 100% 90 35.0:86 N acceptance
feasibility trial pelvic pain
etal. smartphone score
app (CPAQ)
D.D. Randomized Chronic Mobile 554411
13 Odinea 2019 Controlled musculoskel Device- USA  47% 190 0 R MMEs*
letal Trial etal pain Assisted
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Meta-Analysis

Of the 13 systematically included studies, 6 were used in the meta-analysis with 173 participants.
5 studies (study 1, 5, 7, 10, 11) were all randomized placebo-controlled clinical trials and study 8 was
a randomized crossover study and all of them included a primary endpoint of efficacy. Most studies
only compared medical devices with placebo or active placebo. These studies tested the use of
transcutaneous electrical nerve stimulation and instrument-assisted soft tissue mobilization
combined treatment (TICT), Bipolar pulsed radio frequency (PRF), pulsed electromagnetic therapy
(PEMT), repetitive transcranial magnetic stimulation (rTMS), transcranial direct current stimulation
(tDCS), extracorporeal shockwave therapy (ESWT) among patents with Chronic low back pain
(CLBP), Chronic lumbosacral radicular pain (CLRP), Chronic central pain (CCP) and other Chronic
pain (CP).

Meta-Analysis for Pain reduction in each study

All studies included in this section provided assessment results of pain levels of participants
pre- and post- treatment. And multiple tools such as VAS, FPRS, NRS, MPQ), BPI, SF-BPI, were used
among included studies.

Forstudy 1, 5, 7, 8, 10, sub-studies were extracted when they provided testing results of different
study stages or used different measurement tools for pain level.

The pooled results of study 1 and 7 (Figure 1 (a) and (c)) were -4.2 (95% CI = [-6.35, -1.88]) and -
0.87 (95% CI = [-1.46, -0.28]) respectively. The negative mean difference indicated a pain reduction
and the 95% confidence intervals without 0 revealed that TICT and PEMT produced significant
treatment on CLBP patients. On the contrary, studies 5, 8 and 10 did not produce a significant results
of medical device-related interventions as their pooled estimates had a confidence interval covering
0.

The value of 95% of I? (p-value < 0.01) indicated high statistical heterogeneity among the
extracted sub-studies based on assessment tools in Figure 1. Even though VAS and FPRS are both
commonly used to assess pain intensity, their assessment results differed a lot due to the gaps
between faces representing and a straight line or scale of numbers. It resulted the high heterogeneity
between two sub-studies though the numerical results had been standardized.

The weak heterogeneity in other studies with 1?=0 (p-value > 0.05) indicated the feasibility to
extract studies based on study duration or assessment tools. As each type of medical device was
tested in only one independent RCT, the results from the limited studies are conservative. Therefore,
it is needed to call for more RCTs testing on different medical devices with more participants.

Experimental Control
Study Total Mean SD Total Mean SD  Mean DifferenceMD 95%-Cl Weight
[1]Y. K. Kim et al.2021 VAS 3 weeks (CLBP) [TICT] 16 0.84 0.6800 16 3.94 0.7700 | -3.00 [-3.50;-2.50] 51.1%
[1]Y. K. Kim et al.2021 FPRS 3 weeks (CLBP) [TICT] 16 1.251.2500 16 6.53 1.1200 . ¥ -5.28 [-6.10; -4.46] 48.9%
Random effects model 32 32 e -4.12 [-6.35; -1.88] 100.0%
Heterogeneity: /° = 95%, 1° = 2.4782, p < 0.01
(a) Study 1
Experimental Control

Study Total Mean SD Total Mean SD  Mean DifferenceMD 95%-Cl Weight

[5]M. C. Chang et al.2017 NRS 1 month (CLRP) [Bipolar PRF] 25 25015000 25 3.001.5000
[5]M. C. Chang et al.2017 NRS 2 months (CLRP) [Bipolar PRF] 25 2.60 1.6000 25 3.00 1.5000
[5]M. C. Chang et al.2017 NRS 3 months (CLRP) [Bipolar PRF] 25 2.60 1.7000 25 3.00 1.5000

0.50 [-1.33; 0.33] 35.6%
0.40 [-1.26; 0.46] 33.3%
0.40 [-1.29; 0.49] 31.1%

Common effect model 75 75

-0.44 [-0.93; 0.06] 100.0%
Heterogeneity: oz 0%, ?= 0,p=098

21012

(b) Study 5
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Experimental Control
Study Total Mean SD Total Mean sD Mean DifferenceMD 95%-Cl Weight
[7]P. B. Lee et al.2006 NRS Immediately (CLBP) [PEMT] 17 4.801.2000 19 5.50 1.5000 — -0.70 [-1.58; 0.18] 44.9%
[7]P. B. Lee et al.2006 NRS 1 week (CLBP) [PEMT] 17 4.401.1000 19 5.502.1000 —— -1.10 [-2.18;-0.02] 30.0%
[7]P. B. Lee et al.2006 NRS 4 weeks (CLBP) [PEMT] 17 4.501.2000 19 5.40 2.3000 e -0.90 [-2.08; 0.28] 25.1%
Common effect model 51 57 0 -0.87 [-1.46; -0.28] 100.0%
Heterogeneity: F= 0%, = 0,p=085
2101 2
(c) Study 7
Experimental Control
Study Total Mean SD Total Mean SD  Mean DifferenceMD 95%-Cl Weight
[8]B. S. Kang et al.2009 NRS 3 days (CCP) [ TMS] 11 6.18 1.5400 11 5.451.6300 ——=— 0.73 [-0.60; 2.06] 11.0%
[8]B. S. Kang et al.2009 NRS 5 days (CCP) [FTMS] 11 5.821.4700 11 5.09 1.8700 —+— 0.73 [-0.68;2.14] 9.8%
[8]B. S. Kang et al.2009 NRS 1 week (CCP) [FTMS] 11 5451.8100 11 5.91 2.0700 —=+— -0.46 [-2.08;1.16] 7.3%
[8]B. S. Kang et al.2009 NRS 3 weeks (CCP) [FTMS] 11 5.912.4300 11 6.18 1.9900 —#H— -0.27 [-2.13;1.59] 5.6%
[8]B. S. Kang et al.2009 NRS 5 weeks (CCP) [fTMS] 11 5.36 2.0600 11 6.451.9700 —— -1.09 [-2.77;0.59] 6.8%
[8]B. S. Kang et al.2009 NRS 7 weeks (CCP) [fTMS] 11 5.702.0500 11 5.912.1200 —*—— -0.21[-1.95;1.53] 6.4%
[8]B. S. Kang et al.2009 BPI 3 days (CCP) [rTMS] 11 6.28 1.5400 11 6.17 1.7700 —%—  0.11 [-1.28; 1.50] 10.0%
[8]B. S. Kang et al.2009 BPI 5 days (CCP) [rTMS] 11 6.201.4300 11 5.721.8200 —#— 0.48 [-0.89; 1.85] 10.3%
[8]B. S. Kang et al.2009 BPI 1 week (CCP) [rTMS] 11 5921.4800 11 6.321.9200 —#— -040[-1.83;1.03] 9.4%
[8]B. S. Kang et al.2009 BPI 3 weeks (CCP) [FTMS] 11 6.221.8800 11 6.33 1.9800 —#— -0.11[-1.72;1.50] 7.4%
[8]B. 8. Kang et al.2009 BPI 5 weeks (CCP) [FTMS] 11 5581.9200 11 6.38 1.7000 -0.80 [-2.32;0.72] 8.4%
[8]B. S. Kang et al.2009 BPI 7 weeks (CCP) [FTMS] 11 6.102.0500 11 6.07 1.7700 —+—— 0.03 [-1.57;1.63] 7.5%
Common effect model 132 132 -0.03 [-0.47; 0.40] 100.0%
Heterogeneity: 1*=0%,1%=0,p =087
2-101 2
(d) Study 8
Experimental Control
Study Total Mean SD Total Mean sSD Mean DifferenceMD 95%-Cl Weight
[10]M. P. Harvey et al.2017 MPQ 12 days (CP) [tDCS] 6 2.08 1.0400 8 3.131.8100 -—‘——}— -1.05 [-2.56; 0.46] 44.3%
[10]M. P. Harvey et al.2017 MPQ 19 days (CP) [tDCS] 6 2.762.2600 8 2.921.0000 } -0.16 [-2.10; 1.78] 26.8%
[10]M. P. Harvey et al.2017 SF-BPI 12 days (CP) [flDCS] 6 27122700 8 244 1.9300 —— e 027 [-1.99; 253] 19.7%
[10]M. P. Harvey et al.2017 SF-BP| 19 days (CP) [tDCS] 6 3.913.8400 8 2.621.8000 -—P—H 1.29 [-2.03;461] 9.1%
Common effect model 24 32 —-—“— -0.34 [-1.34; 0.67] 100.0%
Heterogeneity: 12 = 0%, <> = 0, p = 0.55
2-1012

(e) Study 10

Figure 1. Forest plot for the difference of Pain scores in each study.

Meta-Analysis for Pain reduction

Taking the 6 types devices as one group “Medical device” and the placebo-control reference
group as the “Control”, we included 6 studies and 25 sub-studies in the following meta-analysis.

As presented in Figure 2, a high heterogeneity was detected with I? = 87% and p-value < 0.01).
The random effects model reported the overall mean difference of medical device compared to
control group was -0.70. The 95% confidence interval [-1.27, -0.14] without covering 0 indicated the
significance of results. It showed that with the use of medical device-related interventions, patients
with chronic pain might have a 0.7 degree of pain reduction under a 0-10 scale.
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Experimental Control
Study Total Mean  SD Total Mean SD  Mean DifferenceMD 95%-Cl Weight
[7]P. B. Lee et al.2006 NRS Immediately (CLBP) [PEMT] 17 4.801.2000 19 5.50 1.5000 —H -0.70 [-1.58; 0.18] 4.7%
[7]P. B. Lee et al.2006 NRS 1 week (CLBP) [PEMT] 17 4.401.1000 19 5.502.1000 —— -1.10 [-2.18,-0.02] 4.5%
[7]P. B. Lee et al.2006 NRS 4 weeks (CLBP) [PEMT] 17 4.501.2000 19 5.402.3000 —8— -0.90 [-2.08; 0.28] 4.3%
[8]B. S. Kang et al.2009 NRS 3 days (CCP) [rTMS] 11 6.181.5400 11 5.451.6300 —#%— 0.73 [-0.60; 2.06] 4.1%
[8]B. S. Kang et al.2009 NRS 5 days (CCP) [rTMS] 11 5.821.4700 11 5.09 1.8700 —#— 0.73 [-0.68; 2.14] 4.0%
[8]B. S. Kang et al.2009 NRS 1 week (CCP) [FTMS] 11 654518100 11 5.912.0700 —=— 046 [-2.08; 1.16] 3.7%
[8]B. S. Kang et al.2009 NRS 3 weeks (CCP) [rTMS] 11 69124300 11 6.18 1.9900 -0.27 [-2.13; 1.59] 3.4%
[8]B. S. Kang et al.2009 NRS 5 weeks (CCP) [rTMS] 11 5.362.0800 11 6.451.9700 -1.09 [-2.77; 0.59] 3.6%
[8]B. S. Kang et al.2009 NRS 7 weeks (CCP) [rTMS] 11 57020500 11 5.912.1200 —i#%——— -0.21 [-1.95; 1.53] 3.5%
[8]B. S. Kang et al.2009 BPI 3 days (CCP) [FTMS] 11 6.281.5400 11 6.17 1.7700 —F— 0.1 [-1.28; 1.50] 4.0%
[8]B. S. Kang et al.2008 BP| 5 days (CCP) [rTMS] 11 62014300 11 5.721.8200 1 0.48 [-0.89; 1.85] 4.1%
[8]B. S. Kang et al. 2009 BP! 1 week (CCP) [rTMS] 11 59214800 11 6.321.9200 — -0.40 [-1.83; 1.03] 4.0%
[8]B. S. Kang et al.2008 BPI| 3 weeks (CCP) [rTMS] 11 6.221.8800 11 6.33 1.9800 —#— -0.11 [-1.72; 1.50] 3.7%
[8]B. S. Kang et al.2008 BPI 5 weeks (CCP) [rTMS] 11 56.581.9200 11 6.38 1.7000 ‘—’—‘7 -0.80 [-2.32; 0.72] 3.8%
[8]B. S. Kang et al.2009 BPI 7 weeks (CCP) [FTMS] 11 6.102.0500 11 6.07 1.7700 —#—— 0.03 [-1.57; 1.63] 3.7%
[11]A. Celik et al.2014 VAS 6 weeks (CLBP) [ESWT] 15 3.601.1000 15 4.90 1.3000 B+ -1.30 [-2.16;-0.44] 4.7%
[5]M. C. Chang et al.2017 NRS 1 month (CLRP) [Bipolar PRF] 25 25015000 25 3.001.5000 - -0.50 [-1.33; 0.33] 4.8%
[5]M. C. Chang et al.2017 NRS 2 months (CLRP) [Bipolar PRF] 25 2.60 1.6000 25 3.00 1.5000 — -0.40 [-1.26; 0.46] 4.8%
[5]M. C. Chang et al.2017 NRS 3 months (CLRP) [Bipolar PRF] 25 2.601.7000 25 3.00 1.5000 — -0.40 [-1.29; 0.49] 4.7%
[10]M. P. Harvey et al.2017 MPQ 12 days (CP) [tDCS] 6 2.08 1.0400 8 3.131.8100 -1.05 [-2.56; 0.46] 3.9%
[10]M. P. Harvey et al.2017 MPQ 19 days (CP) [tDCS] 6 276 2.2600 8 2.921.0000 —+—— -0.16 [-2.10; 1.78] 3.3%
[10]M. P. Harvey et al.2017 SF-BPI 12 days (CP) [tDCS] 6 27122700 8 2.441.9300 0.27 [-1.99; 2.53] 2.9%
[10]M. P. Harvey et al.2017 SF-BPI 19 days (CP) [tDCS] 6 3.913.8400 8 2.621.8000 1.29 [-2.03; 4.61] 1.9%
[1]Y. K. Kim et al.2021 VAS 3 weeks (CLBP) [TICT] 16 09406800 16 3.940.7700 @ -3.00 [-3.50;-2.50] 5.1%
[1]Y. K. Kim et al.2021 FPRS 3 weeks (CLBP) [TICT] 16 12512500 16 6.531.1200 2 -5.28 [-6.10; -4.48] 4.8%
Random effects model 329 343 - -0.70 [-1.27; -0.14] 100.0%
Heterogeneity: /* = 87%, * = 1.5365, p < 0.01
21012

Figure 2. Forest plot for the difference of Pain scores with 6 studies.

Meta-Analysis for Disability

As shown in Figure 3, both of study 1 and 11 reported the ODI, which was used to measure the
disability level of daily physical activities (scale range 0-50). All results showed the significant
treatment effect of medical devices, including the results in each study and the pooled estimate. With
a sample size of 31, the pooled mean difference (MD) of ODI between medical device and control
group was -7.44 (95% CI = [-9.47, -5.40]), indicating that medical device treatment could produce a
7.44-degree reduction of disability level in comparison to those using placebo under a 50-score range.
There was a weak heterogeneity between these two studies with I =0% (p-value > 0.05).

Experimental Control
Study Total Mean SD Total Mean SD  Mean DifferenceMD 95%-C| Weight

[11]A. Celik et al.2014 ODI 6 weeks (CLBP) [ESWT] 15 17.50 8.1000 15 25.00 11.4000
[1]Y. K. Kim et al.2021 ODI 3 weeks (CLBP) [TICT] 16 6.633.2800 16 14.06 28400

-7.50 [-14.58,-0.42] 8.3%
-7.43 [-9.56;-5.30] 91.7%

Common effect model 31 31
Heterogeneity: = 0%, 2= 0,p=099

-7.44 [ -9.47; -5.40] 100.0%

86-4-202

Figure 3. Forest plot for the difference of Disability.

Meta-Analysis for Sleep Quality

Sleep questionnaires (PSQI and SF-BPI) were used in study 10 for assessing sleep quality of
participants after treatment. The total score of SF-BPI (pain interference with sleep) PSQI was 30 and
21 respectively and their original numerical results were standardized to facilitate the result
explanation. By including 2 stages of this studies and two assessment results, 4 sub-studies were
extracted and a sample size of 24 was obtained. As presented in Figure 4, there was a weak
heterogeneity among these sub-studies with I? = 0% (p-value > 0.05) and a common effect model
was built. The pooled efficacy estimate of device-related intervention transcranial direct current
stimulation (tDCS) was 0.28. The 95% CI [-0.46, 1.01] covered 0 and it indicated the insignificance of
the pooled efficacy.
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Experimental Control
Study Total Mean SD Total Mean sD Mean DifferencéD 95%-Cl Weight
[10]M. P. Harvey et al.2017 SF-BPI* 12 days (CP) [tDCS] 6 1.10 1.1300 8 1.000.8000 —#— 0.0 [-0.96; 1.16] 48.3%
[10]M. P. Harvey et al.2017 SF-BPI* 19 days (CP) [tDCS] 6 1.731.6700 8 1.27 0.9300 —’—47 0.46 [-1.02;1.94] 24.7%
[10]M. P. Harvey et al.2017 PSQI 12 days (CP) [tDCS] 6 4.86 1.8600 8 4.711.1400 —+—— 0.15 [-1.53; 1.83] 19.1%
[10]M. P. Harvey et al.2017 PSQI 19 days (CP) [tDCS] 6 4903.1400 8 3.811.1400 ——H—=—109 [-154;3.72] 7.8%
Common effect model 24 32 <= 028 [-0.46; 1.01] 100.0%
T 111

Heterogeneity: 1° = 0%, t° = 0, p = 0.91
21012

Figure 4. Forest plot for the difference of Sleep Quality.
Subgroup analysis for pain level

Subgroup analysis with geographical locations

To explore the sources of heterogeneity, a subgroup analysis was conducted using the geographical
locations of the studies and demonstrated in a forest plot (Figure 5). Only study 1, 5, 7 were included in
one group “Korea” and other studies did not merge with each other. A statistically significant difference
(p-value <0.05) was identified between group “Korea” and other groups conducted in different countries.
The pooled treatment efficacy of studies conducted in Korea was -1.55 (95% CI = [-2.77, -0.33]) and it was
significant without covering 0. Figure 5 also showed that heterogeneity was high in group “Korea” (1% =
95%, p-value< 0.01) and low in group South korea and Canada (I?> = 0%, p-value =0.87 and 0.55
respectively), indicating that the identified heterogeneity was not geographical location influenced.

Experimental Control Weight

Study Total Mean 8D Total Mean sb Mean Difference MD 95%-Cl (random)
[7]P. B. Lee et al.2006 NRS Immediately [PEMT] 17 4.80 1.2000 19 5.50 1.5000 -0.70 [-1.58; 0.18] 12.5%
[7]P. B. Lee et al.2006 NRS 1 week [PEMT] 17 4.401.1000 19 5.50 2.1000 -1.10 [-2.18;-0.02] 11.8%
[7]P. B. Lee et al.2006 NRS 4 weeks [PEMT] 17 450 1.2000 19 5.40 2.3000 -0.90 [-2.08; 0.28] 11.5%
[5]M. C. Chang et al.2017 NRS 1 month [Bipolar PRF] 25 2.50 1.5000 25 3.00 1.5000 -0.50 [-1.33; 0.33] 12.7%
[5]M. C. Chang et al.2017 NRS 2 months [Bipolar PRF] 25 2.60 1.6000 25 3.00 1.5000 -0.40 [-1.26; 0.48] 12.6%
[5]M. C. Chang et al. 2017 NRS 3 months [Bipolar PRF] 25 260 1.7000 25 3.00 1.5000 -040 [-1.29; 049] 125%
[1]Y. K. Kim et al.2021 VAS 3 weeks [TICT] 16 0.94 06800 16 3.94 0.7700 & -3.00 [-3.50; -2.50] 13.6%
[1]Y. K. Kim et al.2021 FPRS 3 weeks [TICT] 16 1.251.2500 16 6.53 1.1200 - -5.28 [-6.10; -4.46] 12.7%
158 164 + -1.94 [-2.22; -1.65)] -

> -1.55 [2.77; -0.33]  100.0%

[8]B. S. Kang et al.2009 NRS 3 days [FTMS] 11 6.18 1.5400 11 5.45 1.6300 0.73 [-0.60; 2.06] 9.0%
[8]B. S. Kang et al.2009 NRS 5 days [FTMS] 11 58214700 11 509 1.8700 0.73 [-0.68; 2.14] 8.8%
[8]B. S. Kang et al.2009 NRS 1 week [rTMS] 11 54518100 11 5912.0700 -0.46 [-2.08; 1.16] 8.1%
[8]B. S. Kang et al.2009 NRS 3 weeks [rTMS] 11 59124300 11 6.18 1.9900 -0.27 [-2.13; 1.59] 7.4%
[8]B. S. Kang et al.2009 NRS 5 weeks [FTMS] 11 5.362.0600 11 6.451.9700 -1.09 [-2.77; 0.59] 7.9%
[8]B. S. Kang et al.2009 NRS 7 weeks [r'TMS] 11 5702.0500 11 591 2.1200 -0.21 [-1.95; 1.53] 7.7%
[8]B. S. Kang et al.2009 BPI 3 days [FTMS] 11 6.28 1.5400 11 6.17 1.7700 0.11 [-1.28; 1.50] 8.8%
[8]B. S. Kang et al.2009 BPI 5 days [FTMS] 11 6.20 14300 11 572 1.8200 0.48 [-0.89; 1.85] 8.9%
[8]B. S. Kang et al.2009 BPI 1 week [rTMS] 11 5.9214800 11 6.32 1.9200 -0.40 [-1.83; 1.03] 8.7%
[8]B. S. Kang et al.2009 BPI 3 weeks [rTMS] 11 6.221.8800 11 6.33 1.9800 -0.11 [-1.72; 1.50] 8.1%
[8]B. S. Kang et al.2009 BPI 5 weeks [rTMS] 11 55819200 11 6.38 1.7000 -0.80 [-2.32; 0.72] 8.4%
[8]B. S. Kang et al.2009 BPI 7 weeks [rTMS] 11 6.102.0500 11 6.07 1.7700 0.03 [-1.57; 1.63] 8.2%
1 ef 132 132 -0.03 [-0.47; 0.40] -

-0.03 [-0.47; 0.40] 100.0%

[0]JM. P. Harvey et al.2017 MPQ 12 days [tDCS]

=<

6 2.081.0400 8 3.13 1.8100 -1.05 [-2.56; 0.46]  32.5%
[10]M. P. Harvey et al.2017 MPQ 19 days [tDCS] 6 27622600 8 292 1.0000 0.16 [-2.10; 1.78]  27.5%
[10]M. P. Harvey et al.2017 SF-BPI 12 days [tDCS] 6 27122700 8 244 1.9300 0.27 [-1.99; 253]  24.2%
[10]M. P. Harvey et al.2017 SF-BP| 19 days [tDCS] 6 3.9138400 8 262 1.8000 1.29 [-2.03; 481] 15.7%
»mmon e ‘ 24 32 s -0.34 [1.34; 0.67] -
< 0.34 [1.34; 0.67] 100.0%
[11]A. Gelik et al.2014 VAS 6 weeks [ESWT] 15 3.601.1000 15 4.90 1.3000 = -1.30 [-2.16;-0.44] 100.0%
T T
4202 4

Heterogeneity: I° = 87%, * = 1.5365, p < 0.01
Test for subgroup differences (comman effect): 7_% =5454 df=3 (p <0.01)
Test for subgroup differences (random effects): yj =10.29, df=3 (p = 0.02)
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Figure 5. Forest plot for subgroup analysis with geographical locations.

Subgroup analysis with different Age groups

As shown in Figure 6, according to the mean age of enrolled participants, 3 groups were divided
as “<=30", “31-60”, and “>60". Although both of groups “<=30" and “>60" produced significant results,
the high heterogeneity (I? =95%, p-value<0.01) in group “<=30" caused by two different assessment
tools and single source from one study made the result doubtful. For studies with mean age of
participants older than 60, the pooled efficacy estimate of medical device-related interventions was -
0.58, where PEMT, Bipolar PRF, and tDCS were included. The 95% CI ([-0.94, -0.22]) without covering
0 indicated a significant treatment effect of a 0.58-degree pain reduction. The pooled result of group
with participant between 31 and 60 years old was not significant by combining results of study 8 and
11.

Experimental Control Weight
Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl (random)
[1]Y. K. Kim et al.2021 VAS 3 weeks [TICT] 16 0.94 06800 16 3.94 0.7700 -3.00 [-3.50;-250] 51.7%
[1]Y. K. Kim et al.2021 FPRS 3 weeks [TICT] 16 1.251.2500 16 6.53 1.1200 . -5.28 [-6.10; -4.46]  48.3%
32 32 ¢ -3.62 [-4.05; -3.19] -
s -4.12 [-6.35; -1.88]  100.0%
[7]P. B. Lee et al.2006 NRS Immediately [PEMT] 17 4.80 1.2000 19 5.50 1.5000 1 -0.70 [-1.58; 0.18]  11.9%
[71P. B. Lee et al.2006 NRS 1 week [PEMT] 17 4.401.1000 19 550 2.1000 & -1.10 [-2.18;-0.02] 11.3%
[7IP. B. Lee et al.2006 NRS 4 weeks [PEMT] 17 450 1.2000 19 5.40 2.3000 — -0.90 [-2.08; 0.28] 10.9%
[5]M. C. Chang et al.2017 NRS 1 month [Bipolar PRF] 25 250 1.5000 25 3.00 1.5000 = -0.50 [-1.33; 0.33] 121%
[5]M. C. Chang et al.2017 NRS 2 months [Bipolar PRF] 25 2.60 1.6000 25 3.00 1.5000 = -0.40 [-1.26; 0.46] 12.0%
[5]M. C. Chang et al.2017 NRS 3 months [Bipolar PRF] 25 2.60 1.7000 25 3.00 1.5000 - -0.40 [-1.29; 0.49] 11.8%
[10]M. P. Harvey et al.2017 MPQ 12 days [tDCS] 6 2.08 1.0400 8 3.131.8100 —r -1.05 [-2.56; 0.46] 9.7%
[10]M. P. Harvey et al.2017 MPQ 19 days [tDCS] 6 2.76 2.2600 8 292 1.0000 —— -0.16 [-2.10; 1.78] 8.2%
[10]M. P. Harvey et al.2017 SF-BPI 12 days [tDCS] 6 2.712.2700 8 244 1.9300 — 0.27 [-1.99; 2.53] 7.2%
[10]M. P. Harvey et al. 2017 SF-BPI 19 days [tDCS] 6 3.91 3.8400 8 2.62 1.8000 —+—— 1.29 [-2.03; 4.61] 4.7%
150 164 ¢ -0.58 [-0.94; -0.22] -
-0.58 [-0.94; -0.22] 100.0%
[8]B. S. Kang et al.2009 NRS 3 days [rTMS] 11 6.18 1.5400 11 5.45 1.6300 - 0.73 [-0.60; 2.06] 8.2%
[8]B. S. Kang et al.2009 NRS 5 days [FTMS] 11 58214700 11 5.09 1.8700 - 0.73 [-0.68; 2.14] 7.9%
[8]B. S. Kang et al.2009 NRS 1 week [rTMS] 11 5451.8100 11 591 2.0700 —— -0.46 [-2.08; 1.16] 7.3%
[8]B. S. Kang et al.2009 NRS 3 weeks [rTMS] 11 5.9124300 11 6.18 1.9900 —r— -0.27 [-2.13; 1.59] 6.7%
[8]B. S. Kang et al.2009 NRS 5 weeks [FTMS] 11 5.362.0600 11 6.45 1.9700 — -1.09 [-2.77; 0.59] 72%
[8]B. S. Kang et al.2009 NRS 7 weeks [FTMS] 11 57020500 11 59121200 — -0.21 [-1.95; 1.53] 7.0%
[8]B. S. Kang et al.2009 BPI 3 days [FTMS] 11 6.28 1.5400 11 6.17 1.7700 — 0.11 [-1.28; 1.50] 8.0%
[8]B. S. Kang et al.2009 BPI 5 days [rTMS] 11 6.20 14300 11 5.72 1.8200 0.48 [-0.89; 1.85] 8.0%
[8]B. S. Kang et al.2009 BPI 1 week [FTMS] 11 59214800 11 6.32 1.9200 -0.40 [-1.83; 1.03] 7.9%
[8]B. S. Kang et al.2009 BPI 3 weeks [rTMS] 11 6.221.8800 11 6.33 1.9800 -0.11 [-1.72; 1.50] 7.4%
[8]B. S. Kang et al.2009 BPI 5 weeks [rTMS] 11 55819200 11 6.38 1.7000 -0.80 [-2.32; 0.72] 7.6%
[8]B. 8. Kang et al.2009 BPI 7 weeks [rTMS] 11 6.102.0500 11 6.07 1.7700 0.03 [-1.57; 1.63] T7.4%
[11]A. Celik et al.2014 VAS 6 weeks [ESWT] 15 3.60 1.1000 15 4.90 1.3000 . 3 -1.30 [-2.16; -0.44] 9.4%
147 147 -0.30 [-0.69; 0.10] -
-0.24 [-0.70; 0.21] 100.0%

42024

Heterogeneity: /* = 87%, 1* = 1.5365, p < 0.01
Test for subgroup differences (common effect): x; =153.32, df =2 (p < 0.01)
Test for subgroup differences (random effects): 15 =11.48,df =2 (p <0.01)

Figure 6. Forest plot for subgroup analysis with different age groups.

Subgroup analysis with Gender

We determined the sample size relevant to women by dividing the 3 groups based on their
gender percentage of 0%, <50% and >50% which indicated these did not have representation from
women predominantly. Figure 7 indicates all 3 groups were significant with a zero-free 95% CIL.
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Study 1 was an all-male study and produced a mean difference of -4.12 between TICT and
control group with 95% CI = [-6.35, -1.88]. Studies 5, 7, 8 enrolled women accounting for less than 50%
and the pooled efficacy of PEMT, rTMS, Bipolar PRF was -0.37 (95% CI = [-0.65, -0.08]). Studies 10
and 11 enrolled both male and female and female accounts for over 50%. Their pooled result of ESWT
and tDCS compared to control group was -0.82 (95% CI = [-1.55, -0.09]).

Experimental Control Weight
Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl (random)
[1]Y. K. Kim et al.2021 VAS 3 weeks [TICT] 16 094 06800 16 3.94 0.7700 -3.00 [-3.50; -2.50] 51.7%
[1]Y. K. Kim et al.2021 FPRS 3 weeks [TICT] 16 1.251.2500 16 6.53 1.1200 - -5.28 [-6.10; -4.46] 48.3%
32 32 + -3.62 [-4.05; -3.19] -
e -4.12 [-6.35; -1.88]  100.0%
[7]P. B. Lee et al.2006 NRS Immediately [PEMT] 17 4.80 1.2000 19 5.50 1.5000 ] -0.70 [-1.58; 0.18] 6.4%
[7]P. B. Lee et al.2006 NRS 1 week [PEMT] 17 4.401.1000 19 550 2.1000 —# -1.10 [-2.18; -0.02] 6.1%
[7]P. B. Lee et al.2006 NRS 4 weeks [PEMT] 17 450 1.2000 19 5.40 2.3000 — -0.80 [-2.08; 0.28] 5.9%
[8]B. S. Kang et al.2009 NRS 3 days [F'TMS] 11 6.18 1.5400 11 5.45 1.6300 e 0.73 [-0.60; 2.06] 56%
[8]B. S. Kang et al.2009 NRS 5 days [FTMS] 11 5.82 14700 11 5.09 1.8700 T 0.73 [-0.68; 2.14] 5.5%
[8]B. S. Kang et al.2009 NRS 1 week [rTMS] 11 54518100 11 589120700 —— -0.46 [-2.08; 1.16] 5.0%
[8]B. S. Kang et al.2009 NRS 3 weeks [FTMS] 11 59124300 11 6.18 1.9900 —— -0.27 [-2.13; 1.59] 4.6%
[8]B. S. Kang et al.2009 NRS 5 weeks [rTMS] 11 53620600 11 6.451.9700 — -1.09 [-2.77; 0.59] 4.9%
[8]B. 8. Kang et al.2009 NRS 7 weeks [rTMS] 11 57020500 11 59121200 —_— -0.21 [-1.95; 1.53] 4.8%
[8]B. S. Kang et al.2009 BPI 3 days [rTMS] 11 6.28 1.5400 11 6.17 1.7700 —— 0.11 [-1.28; 1.50] 5.5%
[8]B. S. Kang et al.2009 BPI 5 days [FTMS] 11 6.20 14300 11 572 1.8200 - 0.48 [-0.89; 1.85] 5.5%
[8]B. S. Kang et al.2009 BPI 1 week [FTMS] 11 59214800 11 6.32 1.9200 —— -0.40 [-1.83; 1.03] 5.4%
[8]B. S. Kang et al.2009 BPI 3 weeks [rTMS] 11 6.221.8800 11 6.33 1.9800 — -0.11 [-1.72; 1.50] 51%
[8]B. S. Kang et al.2009 BPI 5 weeks [rTMS] 11 5.58 1.9200 11 6.38 1.7000 — -0.80 [-2.32; 0.72] 52%
[8]B. S. Kang et al.2009 BPI 7 weeks [rTMS] 11 6.102.0500 11 6.07 1.7700 —— 0.03 [-1.57; 1.63] 5.1%
[5]M. C. Chang et al.2017 NRS 1 month [Bipolar PRF] 25 2.501.5000 25 3.00 1.5000 — -0.50 [-1.33; 0.33] 6.5%
[5]M. C. Chang et al.2017 NRS 2 months [Bipolar PRF] 25 260 1.6000 25 3.00 1.5000 - -0.40 [-1.26; 0.46] 6.5%
[5]M. C. Chang et al.2017 NRS 3 months [Bipolar PRF] 25 260 1.7000 25 3.00 1.5000 - -0.40 [-1.29; 0.49] 6.4%
258 264 4 -0.37 [-0.65; -0.08] -
[ -0.37 [-0.65; -0.08] 100.0%
[11]A. Celik et al. 2014 VAS 6 weeks [ESWT] 15 3.60 1.1000 15 4.90 1.3000 _ -1.30 [-2.16;-0.44]  28.6%
[10]M. P. Harvey et al.2017 MPQ 12 days [tDCS] 6 2.08 1.0400 8 3.131.8100 —=r -1.05 [-2.56; 0.46] 23.2%
[10]M. P. Harvey et al.2017 MPQ 19 days [tDCS] 6 2.76 2.2600 8 292 1.0000 —— -0.16 [-2.10; 1.78]  19.7%
[10]M. P. Harvey et al.2017 SF-BPI 12 days [tDCS] 6 2.712.2700 8 244 1.9300 —L— 0.27 [-1.99; 253] 17.3%
[10]M. P. Harvey et al.2017 SF-BPI 19 days [tDCS] 6 3.91 3.8400 8 2.62 1.8000 —r——— 1.29 [-2.03; 461] 11.2%
39 47 * -0.89 [-1.54; -0.24] -
& -0.82 [-1.55; -0.09] 100.0%

| I I A

4-202 4

Heterogeneity: /* = 87%, <* = 15365, p < 0.01
Test for subgroup differences (common effect): ):i =154.28, df =2 (p < 0.01)
Test for subgroup differences (random effects): 15 =11.60,df =2 (p <0.01)

Figure 7. Forest plot for subgroup analysis with different women.

Subgroup analysis with Pain types

Based on different pain types, 4 groups were divided as CLBP, CLRP, CCP and CP. Only studies
testing medical device among patients with CLBP produced a significant result. A high heterogeneity
was detected with % =94% and p-value < 0.01. The random effects model reported the overall mean
difference of medical device compared to control group was -2.07. It showed that included medical
device-related interventions might produce an averagely 2.07-degree pain reduction on CLBP and a
95% CI ([-3.51, -0.63]) without covering 0 indicated the significance. However, for other groups, only
one single study was included for testing the treatment efficacy of medical device on other pain types.
And the insignificant results were consistent to the reported results in each study.


https://doi.org/10.20944/preprints202305.1753.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 May 2023 do0i:10.20944/preprints202305.1753.v1

12

Experimental Control Weight
Study Total Mean 8D Total Mean SD Mean Difference MD 95%-Cl (random)
[7]P. B. Lee et al.2006 NRS Immediately [PEMT] 17 4.80 1.2000 19 5.50 1.5000 = -0.70 [-1.58; 0.18] 16.8%
[7]P. B. Lee et al.2006 NRS 1 week [PEMT] 17 4.401.1000 19 5.50 2.1000 -5 -1.10 [-2.18;-0.02] 15.8%
[7]P. B. Lee et al.2006 NRS 4 weeks [PEMT] 17 450 1.2000 19 5.40 2.3000 — -0.90 [-2.08; 0.28] 15.3%
[11]A. Celik et al.2014 VAS 6 weeks [ESWT] 15 3.60 1.1000 15 4.90 1.3000 E -1.30 [-2.16;-0.44] 16.8%
[1]Y. K. Kim et al.2021 VAS 3 weeks [TICT] 16 09406800 16 3.94 0.7700 -3.00 [-3.50;-250] 182%
[1]Y. K. Kim et al.2021 FPRS 3 weeks [TICT] 16 1.251.2500 16 6.53 1.1200 - -5.28 [-6.10;-4.46] 17.0%
T d 98 104 ¢+ -2.48 [-2.80; -2.16] -
> -2.07 [-3.51; -0.63] 100.0%
[5]M. C. Chang et al.2017 NRS 1 month [Bipolar PRF] 25 2.501.5000 25 3.00 1.5000 o -0.50 [-1.33; 0.33] 33.6%
[5]M. C. Chang et al.2017 NRS 2 months [Bipolar PRF] 25 260 1.6000 25 3.00 1.5000 o -0.40 [-1.26; 0.46] 33.3%
[5]M. C. Chang et al.2017 NRS 3 months [Bipolar PRF] 25 260 1.7000 25 3.00 1.5000 - -0.40 [1.29; 0.49] 33.1%
75 75 L -0.44 [-0.93; 0.06] -
L -0.44 [-0.93; 0.06] 100.0%
[8]B. S. Kang et al.2009 NRS 3 days [FTMS] 11 6.18 1.5400 11 5.45 1.6300 - 0.73 [-0.60; 2.06] 9.0%
[8]B. S. Kang et al.2009 NRS 5 days [FTMS] 11 58214700 11 5.09 1.8700 i 0.73 [-0.68; 2.14] 8.8%
[8]B. S. Kang et al.2009 NRS 1 week [rTMS] 11 54518100 11 591 2.0700 —h— -0.46 [-2.08; 1.16] 8.1%
[B]B. S. Kang et al.2009 NRS 3 weeks [rTMS] 11 59124300 11 6.18 1.9900 —a— -0.27 [-2.13; 1.59] 7.4%
[8]B. S. Kang et al.2009 NRS 5 weeks [FTMS] 11 53620600 11 6.451.9700 —&r -1.09 [-2.77; 0.59] 7.9%
[8]B. S. Kang et al.2009 NRS 7 weeks [rTMS] 11 57020500 11 59121200 —+]— -0.21 [-1.95; 1.53] 7.7%
[8]B. S. Kang et al.2009 BPI 3 days [FTMS] 11 62815400 11 617 1.7700 - 0.11 [-1.28; 1.50] 8.8%
[8]B. S. Kang et al.2009 BPI 5 days [rTMS] 11 6.20 14300 11 572 1.8200 T 0.48 [-0.89; 1.85] 8.9%
[8]B. S. Kang et al.2009 BPI 1 week [rTMS] 11 59214800 11 6.32 1.9200 —&— -0.40 [-1.83; 1.03] 8.7%
[8]B. 8. Kang et al. 2009 BPI 3 weeks [rTMS] 11 6.221.8800 11 6.33 1.9800 —"— =011 [-1.72; 1.50] 8.1%
[8]B. 8. Kang et al.2009 BPI 5 weeks [rTMS] 11 558 1.9200 11 6.38 1.7000 %—{» -0.80 [-2.32; 0.72] 8.4%
[8]B. S. Kang et al.2009 BPI 7 weeks [rTMS] 11 61020500 11 6€.07 1.7700 —— 0.03 [-1.57; 1.63] 8.2%
f 132 132 -0.03 [-0.47; 0.40] -
-0.03 [-0.47; 0.40] 100.0%
[10]M. P. Harvey et al.2017 MPQ 12 days [tDCS] 6 2.08 1.0400 8 3.131.8100 -1.05 [-2.56; 0.46] 32.5%
[10]M. P. Harvey et al.2017 MPQ 19 days [tDCS] 6 276 2.2600 8 292 1.0000 —0‘— -0.16 [-2.10; 1.78] 27.5%
[10]M. P. Harvey et al.2017 SF-BPI 12 days [tDCS] 6 27122700 8 244 1.9300 —— 027 [-1.99; 2.53] 24.2%
[10]M. P. Harvey et al.2017 SF-BPI 19 days [tDCS] 6 3.913.8400 8 262 1.8000 —r#—— 1.29 [-203; 461] 15.7%
T ffect 24 32 <+ -0.34 [-1.34; 0.67] -
< -0.34 [-1.34; 0.67] 100.0%

| I N

4-202 4

Heterogeneity: I° = 87%, ©* = 15365, p < 0.01
Test for subgroup differences (common effect): x§ =98.58,df =3 (p < 0.01)
Test for subgroup differences (random effects): x§ =7.52,df =3 (p = 0.06)

Figure 8. Forest plot for Subgroup analysis with different Pain types.

Subgroup analysis with study duration

Based on the duration of each study, 3 groups were divided as “Days”, “Weeks”, and “Months”.
As presented in Figure 9, an increased heterogeneity (I? = 90% and p-value < 0.01) was detected
among studies with testing gap lasting for weeks (including a week) but a decreased heterogeneity
in group “Days” and “Months”. It showed that study duration might be one of sources for
heterogeneity. The random effects model was used for group “Weeks” and a pooled estimate of
device-related treatment effect was -1.14 and the 95% CI [-2.27, -0.01] did not cover 0, showing the
significance. The common effect model was used for other two groups. For studies with a gap
duration of moths between pre- treatment and post- treatment, a pooled result of -0.65 ([-1.01, -0.29])
was produced. It revealed a pooled efficacy of PEMT, rTMS, ESWT, and Bipolar PRF, the commonly
used neural stimulation treatment on chronic pain, was a 0.65-degree pain reduction under a 10-score
scale.
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Experimental Control Weight
Study Total Mean SD Total Mean sD Mean Difference MD 95%-Cl (random)
[7]P. B. Lee et al.2006 NRS 1 week [PEMT] 17 44011000 19 5.50 2.1000 - -1.10 [-2.18; -0.02] 10.9%
[8]B. S. Kang et al.2009 NRS 1 week [FTMS] 11 5451.8100 11 591 2.0700 —H— -0.46 [-2.08; 1.16] 9.0%
[8]B. S. Kang et al.2009 NRS 3 weeks [FTMS] 11 59124300 11 6.18 1.9900 —— -0.27 [-2.13; 1.59] 8.2%
[8]B. S. Kang et al.2009 BPI 1 week [rTMS] 11 5.92 14800 11 6.32 1.9200 —— -0.40 [-1.83; 1.03] 9.7%
[8]B. S. Kang et al.2009 BPI 3 weeks [rTMS] 11 6.22 1.8800 11 6.33 1.9800 —— -0.11 [1.72; 1.50] 9.0%
[10]M. P. Harvey et al.2017 MPQ 12 days [tDCS] 6 2.08 1.0400 8 3.131.8100 — -1.05 [-2.56; 0.46] 9.4%
[10]M. P. Harvey et al. 2017 MPQ 19 days [tDCS] 6 2.76 2.2600 8 2.92 1.0000 —— -0.16 [-2.10; 1.78] 8.0%
[10]M. P. Harvey et al. 2017 SF-BPI 12 days [tDCS] 6 2.712.2700 8 2.44 1.9300 —— 0.27 [-1.99; 2.53] 7.0%
[10]M. P. Harvey et al.2017 SF-BP| 19 days [tDCS] 6 3.913.8400 8 262 1.8000 —1—— 1.29 [-2.03; 4.61] 4.6%
[1]Y. K. Kim et al.2021 VAS 3 weeks [TICT] 16 0.940.6800 16 3.94 0.7700 L -3.00 [-3.50;-250] 125%
[1]Y. K. Kim et al.2021 FPRS 3 weeks [TICT] 16 1.251.2500 16 6.53 1.1200 - -5.28 [-6.10; -4.46) 11.7%
117 127 ¢ -2.43 [-2.77; -2.09] -
& -1.14 [-2.27; -0.01] 100.0%
[7]P. B. Lee et al.2006 NRS 4 weeks [PEMT] 17 450 1.2000 19 5.40 2.3000 = -0.80 [-2.08; 0.28] 11.4%
[8]B. S. Kang et al.2009 NRS 5 weeks [rTMS] 11 536 2.0600 11 6.451.9700 —= -1.09 [-2.77; 0.59] 9.5%
[8]B. S. Kang et al.2009 NRS 7 weeks [FTMS] 11 57020500 11 59121200 — -0.21 [-1.95; 1.53] 9.3%
[8]B. S. Kang et al.2009 BPI 5 weeks [rTMS] 11 558 1.9200 11 6.38 1.7000 — -0.80 [-2.32; 0.72] 10.1%
[8]B. S. Kang et al.2009 BPI 7 weeks [rTMS] 11 6.102.0500 11 6.07 1.7700 —— 0.03 [-1.57; 1.63] 9.8%
[11]A. Celik et al.2014 VAS 6 weeks [ESWT] 15 3.60 1.1000 15 4.90 1.3000 = -1.30 [-2.16;-0.44] 125%
[5]M. C. Chang et al.2017 NRS 1 month [Bipolar PRF] 25 2.501.5000 25 3.00 1.5000 —7 -0.50 [1.33; 0.33] 126%
[5]M. C. Chang et al.2017 NRS 2 months [Bipolar PRF] 25 260 1.6000 25 3.00 1.5000 -‘1- -0.40 [-1.26; 0.46] 125%
[5]M. C. Chang et al.2017 NRS 3 months [Bipolar PRF] 25 260 1.7000 25 3.00 1.5000 = -0.40 [-1.29; 0.49] 124%
f 151 153 ¢ -0.65 [-1.01; -0.29] -
¢ -0.65 [-1.01; -0.29] 100.0%
[7]P. B. Lee et al.2006 NRS Immediately [PEMT] 17 4.80 1.2000 19 5.50 1.5000 - -0.70 [-1.58; 0.18] 22.6%
[8]B. S. Kang et al.2009 NRS 3 days [rTMS] 11 6.18 1.5400 11 545 1.6300 T 0.73 [-0.60; 2.08] 19.7%
[8]B. S. Kang et al.2009 NRS 5 days [rTMS] 11 58214700 11 5.09 1.8700 - 0.73 [-0.68; 2.14] 191%
[8]B. S. Kang et al.2009 BPI 3 days [FTMS] 11 6.28 1.5400 11 6.17 1.7700 —-‘-—— 011 [-1.28; 1.50] 19.3%
[8]B. S. Kang et al.2009 BPI 5 days [FTMS] 11 6.20 14300 11 5.72 1.8200 —- 0.48 [-0.89; 1.85] 19.4%
ect m 61 63 0.06 [-0.48; 0.60] -
0.14 [-0.52; 0.81] 100.0%

4-202 4

Heterogeneity: /° = 87%, 1* = 15365, p < 0.01
Test for subgroup differences (common effect): xi =79.75,df=2 (p <0.01)
Test for subgroup differences (random effects): xg =5.48,df =2 (p = 0.06)

Figure 9. Forest plot for Subgroup analysis with study duration.
Sensitive analysis

Sensitive analysis for all studies used in MA for pain level

To see the robustness of pooled results and detect the possible bias induced by certain studies,
Sensitivity Analysis was conducted for studies in MA for pain level. As presented in Figure 10, on
the left were the deleted studies, and on the right were the meta-results of the remaining studies after
omitting each study.

It showed that the existence of some studies would influence the pooled result compared to the
overall estimation -0.70 with all studies by MA ( Figure 2). For example, after omitting study 8 the
new pooled results like -0.75 and -0.77 would be higher (absolute value) than the overall one.
However, without studies 1, an underestimate -0.54 or -0.59 was obtained. It also presented that sub-
studies with a duration within a week from study 8 would produce unreliable treatment results, and
the absence of them leaded to overestimates of -0.77. The heterogeneity decreased from 87% to 76%
after omitting study 1 with assessment FPRS, indicating a potential source of heterogeneity. As a
whole, the high heterogeneity (1% = 87%, p-value = 0.01) was stable and a robust treatment effect with
negative mean difference and a significant 95% CI was remained.
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Study Mean Difference MD 95%-Cl P-value Tau2 Tau I[2

Omitting [5]M. C. Chang et al.2017 NRS 1 month (CLRP) [Bipolar PRF]
Omitting [5]M. C. Chang et al.2017 NRS 2 months (CLRP) [Bipolar PRF]
Omitting [5]M. C. Chang et al.2017 NRS 3 months (CLRP) [Bipolar PRF]
Omitting [11]A. Celik et al.2014 VAS 6 weeks (CLBP) [ESWT]

-0.71 [-1.30;-0.12] 0.02 1.6156 1.2711 88%
-0.72 [-1.30; -0.13] 0.02 1.6116 1.2695 88%
-0.72 [-1.30;-0.13] 0.02 1.6111 1.2693 88%
-0.67 [-1.26;-0.09] 0.02 1.6063 1.2674 88%

Omitting [7]P. B. Lee et al.2006 NRS Immediately (CLBP) [PEMT] -0.70 [-1.29;-0.11]  0.02 1.6185 1.2722 88%
Omitting [7]P. B. Lee et al.2006 NRS 1 week (CLBP) [PEMT] -0.68 [-1.27;-0.10]  0.02 1.6106 1.2691 88%
Omitting [7]P. B. Lee et al.2006 NRS 4 weeks (CLBP) [PEMT] -0.69 [-1.28;-0.11]  0.02 1.6119 1.2696 88%
Omitting [8]B. S. Kang et al.2009 NRS 3 days (CCP) [rTMS] -0.77 [-1.34;-0.20) <0.01 1.5191 1.2325 87%
Omitting [8]B. S. Kang et al.2009 NRS 5 days (CCP) [FTMS] -0.77 [-1.34;-0.19] <0.01 1.5220 1.2337 87%
Omitting [8]B. S. Kang et al.2009 NRS 1 week (CCP) [rTMS] -0.71 [1.29;-0.13]  0.02 1.5977 1.2640 88%
Omitting [8]B. S. Kang et al. 2009 NRS 3 weeks (CCP) [rTMS] -0.72 [-1.30;-0.14]  0.02 1.5882 1.2602 88%
Omitting [8]B. S. Kang et al.2009 NRS 5 weeks (CCP) [rTMS] -0.69 [-1.27;-0.11]  0.02 1.5981 1.2642 88%
Omitting [8]B. S. Kang et al. 2009 NRS 7 weeks (CCP) [rTMS] -0.72 [-1.30;-0.14]  0.01 1.5883 1.2603 88%
Omitting [8]B. S. Kang et al.2009 BPI 3 days (CCP) [rTMS] -0.74 [-1.32;-0.16]  0.01 1.5766 1.2556 88%
Omitting [8]B. S. Kang et al.2009 BPI 5 days (CCP) [rTMS] -0.75 [-1.33;-0.18]  0.01 1.5466 1.2436 88%
Omitting [8]B. S. Kang et al.2009 BPI 1 week (CCP) [rTMS] -0.71 [-1.30;-0.13]  0.02 1.6003 1.2650 88%
Omitting [8]B. S. Kang et al.2009 BPI 3 weeks (CCP) [rTMS] -0.73 [-1.30;-0.15]  0.01 1.5865 1.2595 88%
Omitting [8]B. S. Kang et al.2009 BPI 5 weeks (CCP) [rTMS] -0.70 [-1.28;-0.11]  0.02 1.6043 1.2666 88%
Omitting [8]B. S. Kang et al.2009 BPI 7 weeks (CCP) [rTMS] -0.73 [-1.31;-0.15]  0.01 1.5799 1.2569 88%

Omitting [10]M. P. Harvey et al.2017 MPQ 12 days (CP) [tDCS]
Omitting [10]M. P. Harvey et al.2017 MPQ 19 days (CP) [tDCS]
Omitting [10]M. P. Harvey et al.2017 SF-BPI 12 days (CP) [tDCS]
Omitting [10]M. P. Harvey et al.2017 SF-BPI 19 days (CP) [tDCS]
Omitting [1]Y. K. Kim et al.2021 VAS 3 weeks (CLBP) [TICT]
Omitting [1]Y. K. Kim et al.2021 FPRS 3 weeks (CLBP) [TICT]

-0.89 [-1.27;-0.10]  0.02 1.6027 1.2660 88%
-0.72 [-1.30;-0.14]  0.01 1.5835 1.2584 88%
073 [-1.31;-0.16]  0.01 1.5645 1.2508 88%
2074 [1.31;-018] 001 1.5333 1.2383 88%
059 [-1.14;-0.04]  0.03 1.3314 1.1539 83%
-0.54 [-0.96;-0.13] <0.01 0.5818 0.7628 76%

Random effects model -0.70 [-1.27; -0.14] 0.01 1.5365 1.2395 87%

420 2 4

Figure 10. Forest plot for Sensitivity Analysis with studies in Meta-analysis.

Publication bias

As presented in Figure 11, most studies were included under the funnel but the funnel plot for
studies used in MA was not symmetric in general. It showed that more studies reported a mean
difference closer to 0 but fewer in the left side of the pooled result. The results of Egger test with p
value (0.0015) smaller than 0.05 indicated that small-study effects were detected. It can be explained
the limited number of studies included in our analysis and most of them had a small sample size.
Also, studies with negative results (insignificant treatment effect) reported more stages of study and
were extracted into more sub-studies, resulting the more contribution of insignificant results.
Therefore, a more reliable and robust result can be produced from more studies testing on medical
device with a larger sample size and multiple types of study designs.
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Figure 11. Funnel plot for studies used in Meta-analysis.
Table 2. Egger test results for studies used in Meta-analysis.
Test result: t=23.59, df =23, p-value = 0.0015
Sample estimates: bias se.bias intercept se.intercept
42590 1.1860 -3.5624 0.6788
Limitations

Better study designs should be considered for future clinical trials. Sample sizes for future
clinical trials should reflect the disease and future populations. Some studies had multiple arms and
the analysis was performed across the arms to ensure problems arising from the same trial can be
examined effectively.

The provenance of evidence described in the findings did not clearly indicate the clinical trial
teams comprised of multidisciplinary teams. Official discloses in relation to these studies were also
not considered as standard procedure based on the timelines and current research practice
guidelines.

Discussion

The findings of this study indicate that most common medical device clinical trials explore lower
back pain although the pooled sample size of 875 patients. Pain reduction was a key outcome in the
pooled study sample. Physical therapy is considered as an important facet of strengthening muscles,
posture and flexibility. The contextual definition of lower back pain differed across all studies
although the reference time was typically defined as pain lasting over 12 weeks. A pathological cause
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is not always identified although the North American Spine Society defined this as musculoskeletal
pain extending from the lowest rib to the gluteal fold that could extend as somatic referred pain into
the thigh. Whilst chronic pain localised to the lower back is defined as axial lower back pain, radicular
pain is classified as pain that extend to the buttocks and legs. Chronic pain can be further classified
into lower back pain post-laminectomy for example and those with non-surgical refractory lower
back pain.

The most common pain condition that was treated based on the gathered evidence was lower
back pain. All studies did not report demographic data, physical examinations and medical histories.
For example, body mass index, weight, smoking status and height was not reported by all studies.
These are important aspects to understand both direct and indirect relationships patients may have
with pain management. The routine physical examinations performed during the clinical trial
eligibility visit is equally useful to understand the neurological origin of the lower back or chronic
pelvic pain reported. This is also important to understand if patients in the trials were taking any
other medications as the presence of polypharmacy could impact outcomes such as pain intensity
and thereby quality of life. The treatments for chronic back pain can be challenging and refractory to
a variety of interventions. Spinal cord stimulation (SCS) has shown much promise although the
pooled evidence in this study shows immediate relief, most clinical trials did not include longitudinal
data. In a clinical setting, SCS is attractive for its ability to improve quality of life, safety, cost and
clinical efficacy. This study findings show pain reduction was observed with TICT and PEMT for
chronic lower back pain.

The pain disability scores showed significant improvement indicating notable treatment effect.
The pooled mean difference of ODI between the medical device and control group was -7.44,
indicating a medical device could produce 7.44 degree reduction in disability level compared to a
placebo using a 50 score range. The pooled efficacy estimates of the device associated intervention
tDCS was found to be insignificant in improving sleep quality. Although the systematically included
studies did not indicate if the patients had any pre-existing sleep disorders or any other comorbidity
that could lead to poor quality of sleep.

Mobile applications have become a useful application in clinical practice. Whilst some
applications are within the medical devices regulations framework, some act as non-clinical support
systems for patients with long term conditions. Mobile application based devices are gaining
popularity in pain management in migraine, back pain, pelvic pain and fibromyalgia.?” Of the
systematically included studies, 4 studies used mobile applications that are clinician aids to assist
with managing pain among 437 patients. Most of the applications identified were able to provide
health metrics, symptoms and medical use patterns.® Goldstein et al. demonstrated how mobile
applications can be used as decision making tools, incorporating machine learning to process large
datasets and using this to formulate informed predictions of future pain. The evolution of machine
learning and artificial intelligence based systems enabled analysis could emphasise the use of
personalised patient management plans in the future. This can be a useful method of long-term
management of chronic pain.?? Despite perceived accessibility and potential for widespread use at
minimal cost to healthcare systems it is important to consider the availability of smartphones and the
internet in low resource settings.®

The subgroup analysis conducted based on gender and pain types showed a disparity between
biological gender representation. The subgroup analysis in relation to gender showed studies
exploring TICT excluded women and other intervention trials underrepresented women. Whilst this
is a common issue noted in clinical trials conducted across most clinical areas, the lack of gender
parity is a concern to evaluate clinical efficacy and effectiveness. Equally, physiological differences
between genders play a role in reporting pain inference and intensity which is an indicator for patient
reported and health reported outcomes that impact cost efficiency.?! In addition, the lack of gender
parity in clinical trials is particularly important to consider in chronic pain management, where
women have an increased prevalence in addition to lower pain thresholds, lower pain tolerances and
different analgesic sensitivities.326
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Geographical representation is another important facet for understanding the generalisability of
the findings. Of the pooled studies, 4 were conducted in Korea and 1 each in Canada and Turkey.
The identified heterogeneity was not influenced by geographical location although there may be an
indirect link due to differences in clinical practice. An awareness of variations in pain thresholds®
and disparities in responses to pain treatment amongst different ethnicities remains important
although these details were not reported within the identified studies.>*%

It is evident, there is a need for robust clinical trials to better assess medical devices where the
findings can be generalisable as indicated by the sensitivity analysis. For example, omitting studies 1
and 8 had a significant effect on the overall mean differences in pain reduction. Whilst, standardizing
study designs are not possible, using core outcomes to assess the similar categories of chronic pain
may provide better insight to medical device efficacy. The primary outcome measures varied across
clinical trials. Pain was also assessed with self-reported measures that could be impacted by factors
such as mood, disturbed sleep and medications that may influence the pain scores documented.
Further biases may rise from recall period, selective recall, social desirability, or sampling
approaches. The pooled sample of studies mostly used descriptive statistics and causal inferences
were often not reported. This further purport the self-reported bias could have a difference between
the true values versus the self-reported for the same measures.

Conclusion

The evidence generation to demonstrate efficacy and effectiveness of medical devices in chronic
pain management requires extensive changes. Current evidence shows a variety of limitations
including restriction to lower back pain when there is a variety of other pain conditions where
medical devices are used for such as chronic pelvic pain. Minimally invasiveness in medical devices
used in pain management can be a compelling reason for clinicians and patients to continue to use
the technique in a cost effective manner. However, to optimally use medical devices in a sustainable
manner, robust evidence based practice should be regarded as a key step.
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