
Original Paper

User Engagement and Assessment of Treatment Effectiveness
in Patients Using a Novel Digital mHealth App During Spinal Cord
Stimulation Screening Trials

Jennifer M Lee1, MD; Rex Woon2, MSc; Mandy Ramsum2, BSc; Daniel S Halperin2, PhD; Roshini Jain2, MSc
1EvergreenHealth Pain Care, Kirkland, WA, United States
2Boston Scientific Neuromodulation, Valencia, CA, United States

Corresponding Author:
Roshini Jain, MSc
Boston Scientific Neuromodulation
25155 Rye Canyon Loop
Valencia, CA, 91355
United States
Phone: 1 66169494350
Email: Roshini.Jain@bsci.com

Abstract

Background: Patient outcomes and experience during a Spinal Cord Stimulation (SCS) screening trial can have a significant
effect on whether to proceed with long-term, permanent implantation of an SCS device for the treatment of chronic pain. Enhancing
the ability to track and assess patients during this initial trial evaluation offers the potential for improved understanding regarding
the suitability of permanent device implantation as well as identification of the SCS-based neurostimulative modalities and
parameters that may provide substantial analgesia in a patient-specific manner.

Objective: In this report, we aimed to describe a preliminary, real-world assessment of a new, real time tracking, smart,
device-based digital app used by patients with chronic pain undergoing trial screening for SCS therapy.

Methods: This is a real-world, retrospective evaluation of 13,331 patients diagnosed with chronic pain who used the new
“mySCS” mobile app during an SCS screening trial. The app design is health insurance portability and accountability act
(HIPAA)-compliant and compatible with most commercially available smartphones (eg, Apple, iPhone, and Android). The app
enables tracking of user-inputted health-related responses (ie, pain relief, activity level, and sleep quality) in addition to personal
trial goals and a summary of overall experience during the SCS trial. A deidentified, aggregate analysis of user engagement,
user-submitted responses, and overall trial success was conducted.

Results: When provided the opportunity, the percentage of users who engaged with the tracking app for ≥50% of the time during
their trial was found to be 64.43% (n=8589). Among the 13,331 patients who used the app, 58.24% (n=7764) entered a trial goal.
Most patients underwent SCS screening with a trial duration of at least 7 days (n=7739, 58.05%). Of those patients who undertook
a 7-day SCS trial, 62.30% (n=3456) engaged the app for 4 days or more. In addition, among all who submitted descriptive
responses using the app, health-related improvements were reported by 77.84% (n=10,377) of patients who reached day 3 of the
screening phase assessment and by 83.04% (n=11,070) of those who reached trial completion. A trial success rate of 91% was
determined for those who used the app (versus 85% success rate for nonusers).

Conclusions: Data from this initial, real-world examination of a mobile, digital-health–based tracking app (“mySCS”), as used
during the SCS screening phase, demonstrate that substantial patient engagement can be achieved while also providing for the
acquisition of more real time patient-outcome measures that may help facilitate improved SCS trial success.

(JMIR eHum Factors 2022;9(1):e35134) doi: 10.2196/35134
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Introduction

Widespread use of smart devices (ie, mobile phones and tablets)
has fostered an unprecedented growth in the use of digital-based
platforms and apps enabling real time tracking of health-related
outcomes and experiences of patients undergoing treatment of
chronic pain [1-3]. More importantly, these contemporary tools
have been demonstrated to help instill a greater level of
assurance in patients, that their pain condition can be controlled.
These devices can also promote improved self-monitoring of
the multidimensional experience of chronic pain, and some
concurrently allow health care providers enhanced connectivity
to real time outcomes reported by those under their care [4-6].
The implementation and use of new digital methodologies in
the context of health care is underpinned by what is now referred
to as ecological momentary assessment (EMA), an approach
constituted by the frequent sampling of study subjects’behavior,
outcomes, and experiences in real time within the real-world
environments in which they live and participate [7,8]. EMA, as
a technique that relies on the repeated collection of data
pertaining to the health-related condition of the patient, is
therefore thought to reduce recall bias and enable improved
assessment of the experience of patients with chronic pain. As
such, patient-specific information, acquired in a spatiotemporal
manner using EMA-based methods, may help provide better
clinical assessment of individual patients given the highly
subjective and variable experience of those having various
chronic pain disorders.

Spinal Cord Stimulation (SCS) is an established treatment option
for chronic pain, which delivers electrical impulses to neuronal
tissues within or adjacent to the spinal cord. These impulses are
capable of interrupting the transmission of dysregulated pain
signals, typically due to nerve injury, which can occur between
one or more localized anatomical areas (eg, low back, leg, foot,
upper limb, etc) and the human brain. Typically, before patients
are permanently implanted with an SCS device, they must first
undergo a screening period, commonly termed as a trial, where
they experience SCS therapy for a short duration of time (eg,
up to 3-7 days) to assess whether the applied treatment is
effective for reducing pain. Only on the basis of the experience
and success of the trial, as determined by verbal reporting of
significant pain relief (defined as a 50% or greater reduction in
pain) as well as improvement in function, is a permanent device
implanted for long-term use. However, SCS screening trials
can be challenging given the difficulty that some patients have
maintaining the engagement necessary to sufficiently assess
whether their pain relief and functional goals are being
effectively met or not due to complications or lack of successful
outcomes, which are known to be associated with higher costs
resulting from repeated attempts at management of chronic pain
[9-12]. Thus, whether the ability to record and assess patient
feedback in real time during this initial screening phase could
allow for an improved experience for patients is an open
question. As noted, various publications have previously
reviewed and examined the use of mobile, digital health-based
apps in patients with chronic pain [13]. However, to our
knowledge, no published reports describing the use of a mobile,
digital companion app during the SCS trial phase exist in the

peer-reviewed literature. Here, we describe our initial, real-world
evaluation of a simple, mobile, smart device-based app
implemented as a tool to track user-submitted goals,
health-related assessments, and satisfaction in those undergoing
SCS screening in order to provide a more real time examination
of the trial experience for patients with chronic pain. In so doing,
we sought to also determine how capable the app is in eliciting
patient engagement during this phase and whether this metric
could be potentially correlative with SCS trial success.

Methods

The newly commercially available mySCS app (Boston
Scientific) was provided at no cost to patients diagnosed with
chronic pain who participated in a trial (with a duration length
up to 10 days) of an SCS system. The patients were invited to
use the app either before or at their trial appointment. The
patients were informed of the app either from a product
brochure, their physician or physician office, or a company
representative (Boston Scientific). The patients were presented
with the opportunity to download the app during their SCS trial,
but it was not a required condition in order to undergo their SCS
trial. The patients were directed to carry out one of the following
to help with the downloading process: search the app store to
download, use a provided QR code to scan, or use an activation
link. The QR code and activation links would take patients
directly to the app listing on the app store to download the app.
Company representatives were available at the trial appointment
to assist with downloading if needed, but most patients were
instructed to complete the installation before the day of their
trial. The app was designed to be health insurance portability
and accountability act (HIPAA)-compliant and was installed
onto each participating patient’s personal smartphone (eg, Apple
iPhone and Android) and is compatible with most recent
smartphones and tablets. However, Android 8.0 or above and
iOS 11 or later for iPhone, iPad, and iPod touch are required.
The app is currently available on smart tablets, but not smart
watches. All patients were required to provide consent to the
terms of use following download and set up of the app. Figure
1 provides a pictorial representation of the app interface and a
sample trial report that can be generated daily or at the end of
the trial. In order to be eligible for inclusion, all patients were
required to be least 18 years of age or older and have the
following baseline demographic information available: trial
start and end date, age, gender, and trial status (listed either as
a “successful” or “failed” trial). Those patients listed with an
“inconclusive” trial status and patients who underwent multiple
trials were excluded from data analysis. Patients who were
provided the app were instructed to use the app daily to record
progress and their personal experience during the SCS trial.
Patient-entered information was stored to a secure database that
allows for exporting in PDF following completion of the trial.
SCS screening trial data from a separate cohort of patients who
did not use the app was also collected for comparative
assessment. Gender and age demographic information was
collected.

The mySCS app enables convenient tracking of information
entered directly into the app by the patient. The patients were
prompted to enter an assessment each day of their trial, which
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was of variable length, as determined by their physician. Typical
trials range from 3 to 7 days, and the app reminds the patient
to enter an assessment each day. Categorical descriptors selected
in real time by patients were used to track ongoing
user-submitted responses on a daily basis (vs patient’s pretrial
condition) including intensity of chronic pain (“less,” “same,”
and “more”), level of activity (“less,” “same,” and “more”), and
sleep quality (“worse,” “same,” and “better”). Additionally, the
patients entered their personal trial goal and overall trial
satisfaction. User engagement with the digital app was defined
as any user-submitted response, comment, goal, or assessment
into the app. For each patient using the app, the number of days
engaged with the app over the course of the length of the trial
period was determined. Content analysis was carried out by
assessing the frequency of terms entered into the app by patients.
Recorded patient goals and summaries of trial satisfaction were

assessed following completion of the SCS trial. Further,
patient-entered trial satisfaction summaries were evaluated using
a bigram analysis (occurrence of 2 consecutive words as a pair).

A successful SCS trial is conventionally defined as a ≥50%
reduction in pain intensity at the end of the trial (vs pretrial pain
intensity). Relative improvement in trial success between those
who used the app (for at least 1 day) versus those who did not
use the app was calculated by comparing the trial success rate
between both of these separate cohorts using a one-tailed
chi-squared test to determine if the proportions were different
from each other at a statistical significance level of 0.05. All
analyses were performed in Python (Python Software
Foundation). The Pandas package was used for data
management, and the Scipy package was used for performing
statistical tests.

Figure 1. Pictorial representation of the mySCS app interface and sample trial report.

Ethics Consideration
All data were collected in aggregate (independent of the centers
in which patients were implanted) and was obtained fully
deidentified, thereby obviating the need for ethics board review
approval of this evaluation per United States 45 Code of Federal
Regulations (CFR) § 46.104(d)(2)(i).

Results

Data were acquired from a cohort of 13,331 patients who used
the new mobile app during their SCS trial. Additionally, data
from 12,196 patients who did not use the app were also obtained
and evaluated. Gender and age demographics for those patients
who did or did not use the app are shown in Table 1.

Table 1. Patient demographics (significant difference with chi-square test P<.001).

Patients without the mySCS app (n=12,196)Patients with the mySCS app (n=13,331)Characteristics

5648 (46)5760 (43)Gender—male, n (%)

66 (13)60 (14)Age (years), mean (SD)

8591Trial success, %

In total, 58.05% (n=7739) of those patients who had access and
used the app underwent at least a 7-day trial with a maximum
duration of up to 10 days. Initial engagement with the app
required patients to enter in a personal goal for their SCS trial.
Of the patients who used the app, nearly 58.24% (n=7764) were
noted to have entered a trial goal. Analysis of the most prevalent
key health-related functional terms occurring within the text of
goals entered by patients using the mobile app is depicted in
Table 2.

The most common term (“walk”) was found in 46.81% (n=3634)
of the entries provided by patients, followed by “less pain”
(n=3514, 45.26%). Analysis of user engagement demonstrated
that 64.43% (n=8589) of all users engaged the tracking app for
at least 50% of the time within the total duration of their
screening trial (Figure 2). Trials carried out for 7-days in
duration were found to have been undertaken most frequently
among those who used the app. Analysis of app engagement
among those in this subcohort revealed that 62.3% (n=3456) of
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those who successfully completed a 7-day trial engaged the app
for 4 days or more (Table 3).

Among all patients who used the app through day 3 and out to
trial completion, 77.84% (n=10377) and 83.04% (n=11,070)
demonstrated improvement in health-related metrics (ie, pain,
activity level, and sleep quality), respectively. Of those patients
who did not use the app, an 85% trial success rate (ie, ≥50%
pain relief) was noted. Alternatively, a trial success rate of 91%

was determined among those who did use the tracking app
(Table 4) representing a 6% increase in trial success.

Evaluation of trial satisfaction summaries submitted by 1535
patients who used the app was conducted using a bigram
analysis of the content that was recorded into the app following
completion of the trial (Table 5). The most common consecutive
2-word phrase entered into the app by patients was found to be
“less pain” followed by “more active” and “very well.”

Table 2. Occurrence of key terms in patient-entered goals (n=7795)

Values, n (%)Key terms

3634 (46.81)Walk

3514 (45.26)Less pain

1520 (19.58)Sleep

1265 (16.29)Stand

730 (9)Sit

Figure 2. App user engagement during trial period.

Table 3. App engagement duration among users undergoing a 7-day trial (n=5547).

Patients with a 7-day trial, n (%)App engagement duration (days)

954 (17.20)≤1

1143 (20.61)2-3

3450 (62.19)≥4

Table 4. Trial success (≥50% pain relief) among app users and nonusers.

Patients with successful trial, n (%)

12,133 (91.01)Patients with the mySCS app (n=13,331)

10,359 (84.94)Patients without the mySCS app (n=12,196)
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Table 5. Occurrence of bi-grams in patient-entered trial assessments (n=1535).

Trial assessments, n (%)Bi-gram

108 (7.04)Less pain

95 (6.19)More active

68 (4.43)Very well

62 (4.04)So much

59 (3.84)Pain relief

57 (3.71)Much better

Discussion

Principal Findings
This report, to our knowledge, is the first to demonstrate that
successful patient engagement and capability for real time
assessment of SCS trial outcomes can be achieved using a new,
HIPAA-compliant, digital health-based mobile tracking app
(“mySCS”). In addition, the use of this app was found to be
associated with an increased proportion of SCS trial success.
We also observed that patients using this new app on their smart
device were able to better recognize their responses to treatment
(compared to patient recall), while also enabling the progress
of patients to be more clearly communicated after the trial
period. This is a potentially important finding given the lack of
reliability and the well-known difficulty that patients are known
to have when using memory-based recall to estimate the
intensity of the pain they experience [14-16].

In accordance with previous reports that have shown that
patients with chronic pain are strongly interested and eager to
use a digital health-based mobile app, we found that a large
percentage of patients undergoing an SCS trial, if offered, are
willing to use such a tool [4,6,8]. Given the importance the trial
phase can have on the decision to proceed with permanent
implantation of an SCS device, this sizable rate of user
participation demonstrates the potential viability of a mobile
tracking app to improve the utility of an SCS trial. This result
is encouraging given that a substantial portion of the
SCS-implanted population is over the age of 65 years and often
beset by psychosocial factors that can affect patient function
shown to be correlated with less successful trial outcomes
[17,18]. Furthermore, in surveys conducted prior to the
COVID-19 pandemic, those aged 65 years or older were found
to have had substantially less knowledge or experience with
digital health apps [19-21]. Interestingly, in accordance with
more recent reports assessing user engagement with virtual
health tools during the COVID-19 pandemic, 2 published studies
by Han et al [22] and Lu et al [23] (both of which were
conducted during the height of the recent COVID-19 pandemic)
reported the successful implementation of remote monitoring
and programming of those implanted with an SCS device; they
also found that an overwhelming majority of patients had a
strong desire for follow-up visits that do not require in-person
interaction with their health care provider [22-25]. The results
from these early investigations and of those now presented in
this report thus jointly suggest that the use of digital health
technologies that can track and record SCS outcomes and
experience are likely to be highly desired and used by patients,

including potentially even those >65 years of age, as a
consequence, at least in part, of the necessities imposed on older
adults to become more accustomed to remote-accessible tools
during the COVID-19 pandemic. Moreover, it has also been
postulated that costs associated with the implementation of SCS
for treatment of chronic pain may be lowered when using digital
health tools that allow for remote-based patient tracking and
follow-up visits [22,23]. Though clinical examination (and
publication of data) pertaining to the use of digital health-based
tools in the context of SCS therapies is still quite limited at this
time, these initial reports would suggest that the benefit to
patients and providers (with the potential of integrating the use
of new digital technologies as a part of an SCS-based therapeutic
regimen for chronic pain) could be potentially substantial. We
further surmise that the gradual shift toward more ubiquitous
use of various digital tools in the real-world clinical setting may
likely facilitate the eventual incorporation of digital health-based
technology as a key component of the routine care provided to
patients within the practical context of interventional pain
management (to better monitor and treat those implanted with
an SCS device in a more remote and personalized manner).

Patients using the new mobile app examined in this evaluation
demonstrated an improved rate of trial success (vs a separate
cohort of those who did not use the app). However, it is currently
unknown if patient satisfaction at completion of an SCS trial is
in fact greatly altered in patients implanted with an SCS device
for chronic pain who use a digital health-based tool versus those
who do not. Nonetheless, an extrapolation of the data described
in Table 4 of this report indicates that, had those who did not
use the app during their SCS trial chosen to do so, up to an
additional 732 patients (calculated per the difference between
91% of app users and 85% of non–app users who had trial
success) could have potentially achieved a successful trial.
Interestingly, other reports of patients using implantable systems,
such as Deep Brain Stimulation devices, have shown that a
measurable improvement in outcomes (eg, patient satisfaction)
can be observed in those undergoing remote monitoring using
digital health technologies [26-28]. These notable improvements
are thought to be due, at least in part, to an increase in the
positive impression of treatment and overall psychological
benefit that patients obtain when they log their progress routinely
and reflect on their current health-related state. Mental health
and treatment expectations are thought to have at least some
effect on outcomes in most patients treated with SCS for chronic
pain [18,29,30]. Therefore, whether the use of available digital
health tools equipped with EMA-based tracking or remote-based
communication features is, in turn, correlated with improved
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clinical outcomes (eg, psychological health measures) is now
an important question warranting further investigation.

Limitations
Given the preliminary nature of the evaluation described,
limitations associated with the analyses described in this report
must be noted. First, assessment of data was conducted
retrospectively on the basis of the initial real-world launch of
the tracking app made available to SCS-implanted patients.
Future investigations are now needed to prospectively examine
the impact of new digital health tools on patient outcomes using
predefined measures and study designs including those that
address the role that treatment expectations (ie, placebo
responses) may have on obtained clinical outcomes.
Additionally, the version of the app used by those described in
this report did not allow for a highly detailed recording of
baseline demographics, procedural information, or pain intensity
based on an established rating scale (eg, Visual Analogue Scale).
Going forward, procurement of such patient information may
facilitate the detection of any selection bias (ie, bias as a result
of the inadvertent selection for a particular patient segment
within the overall cohort of assessed individuals such that the
sample evaluated is not truly representative of the actual
intended patient population) among those who used the app
versus those who did not use the app. Information as it pertains
to medical history, lead location, spinal level placement, and
applied stimulation parameters of those who used the app may
also have provided further insight as to the presence of any
correlations associated with patient engagement and trial

success. Moreover, no data were available that would have
allowed an analysis of the percentage of patients who continued
to receive a permanent implant after their successful trial or
whether specific goals beyond pain relief alone (eg,
improvements in functional disability) were achieved. Rates of
conversion from trial to permanent implant are thought to have
implications regarding overall device efficacy as well as other
aspects related to the successful use of SCS as a therapeutic
option for chronic pain [31]. As such, examination of this key
metric in patients using digital health tools as part of an SCS
trial, such as a future version of the mobile tracking app
described in this report, is now warranted.

Conclusion
This initial, real-world examination of a real time, mobile,
digital-health–based tracking app (“mySCS”), as used during
the SCS trial, demonstrates that substantial patient engagement
can be achieved while also providing for more reliable and
quantitative outcome measures that may help facilitate increased
SCS trial success. The use of a novel digital-health–based
mobile app therefore may constitute an important new approach
toward fostering an improved experience during the SCS trial.
A greater understanding of patient-specific clinical responses
may also allow for better decision-making and evaluation
regarding the appropriate use and effectiveness of SCS as a
therapeutic strategy for treatment of chronic pain. Additional
study and assessment are now needed to further understand the
potential benefits of digital-health–based tools in the context
of SCS therapy.

Authors' Contributions
RW, MR, and RJ initially conceived of this work. All authors provided intellectual input regarding the design of data collection
and analysis. RW conducted all biostatistical calculations. DSH wrote the first draft of the manuscript with assistance from RW.
All authors contributed to the editing and critical revision of the manuscript. The final version of the manuscript was approved
by all authors.

Conflicts of Interest
This work is sponsored by Boston Scientific. JML is a consultant for Boston Scientific. All other authors are salaried employees
of Boston Scientific.

References

1. Lalloo C, Shah U, Birnie KA, Davies-Chalmers C, Rivera J, Stinson J, et al. Commercially Available Smartphone Apps
to Support Postoperative Pain Self-Management: Scoping Review. JMIR Mhealth Uhealth 2017 Oct 23;5(10):e162 [FREE
Full text] [doi: 10.2196/mhealth.8230] [Medline: 29061558]

2. Slepian PM, Peng M, Janmohamed T, Kotteeswaran Y, Manoo V, Blades AM, et al. Engagement with Manage My Pain
mobile health application among patients at the Transitional Pain Service. Digit Health 2020 Oct 13;6:2055207620962297
[FREE Full text] [doi: 10.1177/2055207620962297] [Medline: 33117557]

3. Thurnheer SE, Gravestock I, Pichierri G, Steurer J, Burgstaller JM. Benefits of Mobile Apps in Pain Management: Systematic
Review. JMIR Mhealth Uhealth 2018 Oct 22;6(10):e11231 [FREE Full text] [doi: 10.2196/11231] [Medline: 30348633]

4. Suso-Ribera C, Castilla D, Zaragozá I, Ribera-Canudas M, Botella C, García-Palacios A. Validity, Reliability, Feasibility,
and Usefulness of Pain Monitor: A Multidimensional Smartphone App for Daily Monitoring of Adults With Heterogenous
Chronic Pain. Clin J Pain 2018 Oct;34(10):900-908. [doi: 10.1097/AJP.0000000000000618] [Medline: 29659375]

5. Stinson J, Jibb L, Nguyen C, Nathan P, Maloney A, Dupuis L, et al. Construct validity and reliability of a real-time
multidimensional smartphone app to assess pain in children and adolescents with cancer. Pain 2015 Dec;156(12):2607-2615.
[doi: 10.1097/j.pain.0000000000000385] [Medline: 26580680]

6. Galve Villa M, S Palsson T, Cid Royo A, R Bjarkam C, Boudreau SA. Digital Pain Mapping and Tracking in Patients With
Chronic Pain: Longitudinal Study. J Med Internet Res 2020 Oct 26;22(10):e21475 [FREE Full text] [doi: 10.2196/21475]
[Medline: 33104012]

JMIR eHum Factors 2022 | vol. 9 | iss. 1 | e35134 | p. 6https://humanfactors.jmir.org/2022/1/e35134
(page number not for citation purposes)

Lee et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://mhealth.jmir.org/2017/10/e162/
https://mhealth.jmir.org/2017/10/e162/
http://dx.doi.org/10.2196/mhealth.8230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29061558&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2055207620962297?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2055207620962297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33117557&dopt=Abstract
https://mhealth.jmir.org/2018/10/e11231/
http://dx.doi.org/10.2196/11231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30348633&dopt=Abstract
http://dx.doi.org/10.1097/AJP.0000000000000618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29659375&dopt=Abstract
http://dx.doi.org/10.1097/j.pain.0000000000000385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26580680&dopt=Abstract
https://www.jmir.org/2020/10/e21475/
http://dx.doi.org/10.2196/21475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33104012&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


7. Ono M, Schneider S, Junghaenel DU, Stone AA. What Affects the Completion of Ecological Momentary Assessments in
Chronic Pain Research? An Individual Patient Data Meta-Analysis. J Med Internet Res 2019 Feb 05;21(2):e11398 [FREE
Full text] [doi: 10.2196/11398] [Medline: 30720437]

8. Bhatia A, Kara J, Janmohamed T, Prabhu A, Lebovic G, Katz J, et al. User Engagement and Clinical Impact of the Manage
My Pain App in Patients With Chronic Pain: A Real-World, Multi-site Trial. JMIR Mhealth Uhealth 2021 Mar 04;9(3):e26528
[FREE Full text] [doi: 10.2196/26528] [Medline: 33661130]

9. Eldabe S, Duarte RV, Gulve A, Thomson S, Baranidharan G, Houten R, et al. Does a screening trial for spinal cord
stimulation in patients with chronic pain of neuropathic origin have clinical utility and cost-effectiveness (TRIAL-STIM)?
A randomised controlled trial. Pain 2020 Dec 29;161(12):2820-2829 [FREE Full text] [doi:
10.1097/j.pain.0000000000001977] [Medline: 32618875]

10. Chadwick R, McNaughton R, Eldabe S, Baranidharan G, Bell J, Brookes M, et al. To Trial or Not to Trial Before Spinal
Cord Stimulation for Chronic Neuropathic Pain: The Patients' View From the TRIAL-STIM Randomized Controlled Trial.
Neuromodulation 2021 Apr;24(3):459-470 [FREE Full text] [doi: 10.1111/ner.13316] [Medline: 33258531]

11. Huang KT, Hazzard MA, Babu R, Ugiliweneza B, Grossi PM, Huh BK, et al. Insurance disparities in the outcomes of
spinal cord stimulation surgery. Neuromodulation 2013;16(5):428-34; discussion 434. [doi: 10.1111/ner.12059] [Medline:
23647668]

12. Babu R, Hazzard MA, Huang KT, Ugiliweneza B, Patil CG, Boakye M, et al. Outcomes of percutaneous and paddle lead
implantation for spinal cord stimulation: a comparative analysis of complications, reoperation rates, and health-care costs.
Neuromodulation 2013;16(5):418-26; discussion 426. [doi: 10.1111/ner.12065] [Medline: 23647789]

13. Zhao P, Yoo I, Lancey R, Varghese E. Mobile applications for pain management: an app analysis for clinical usage. BMC
Med Inform Decis Mak 2019 May 30;19(1):106 [FREE Full text] [doi: 10.1186/s12911-019-0827-7] [Medline: 31146739]

14. Schoth DE, Radhakrishnan K, Liossi C. A systematic review with subset meta-analysis of studies exploring memory recall
biases for pain-related information in adults with chronic pain. PR9 2020 Mar 31;5(2):e816. [doi:
10.1097/pr9.0000000000000816]

15. Daoust R, Sirois M, Lee J, Perry J, Griffith L, Worster A, et al. Painful Memories: Reliability of Pain Intensity Recall at 3
Months in Senior Patients. Pain Res Manag 2017;2017:5983721 [FREE Full text] [doi: 10.1155/2017/5983721] [Medline:
28260963]

16. Gendreau M, Hufford MR, Stone AA. Measuring clinical pain in chronic widespread pain: selected methodological issues.
Best Practice & Research Clinical Rheumatology 2003 Aug;17(4):575-592. [doi: 10.1016/s1521-6942(03)00031-7]

17. Odonkor CA. Fantastic Four: Age, Spinal Cord StimulatorWaveform, Pain Localization and History of SpineSurgery
Influence the Odds of Successful SpinalCord Stimulator Trial. Pain Phys 2020 Jan 15;1;23(1;1):E19-E30. [doi:
10.36076/ppj.2020/23/e19]

18. Prabhala T, Kumar V, Gruenthal E, Collison C, Prusik J, Owusu S, et al. Use of a Psychological Evaluation Tool as a
Predictor of Spinal Cord Stimulation Outcomes. Neuromodulation 2019 Feb;22(2):194-199. [doi: 10.1111/ner.12884]
[Medline: 30378737]

19. 2020 Digital Health Consumer Survey. Accenture. 2020. URL: https://www.accenture.com/_acnmedia/PDF-130/
Accenture-2020-Digital-Health-Consumer-Survey-US.pdf [accessed 2022-01-20]

20. Aging in Place Report. Rock Health. URL: https://mailchi.mp/rockhealth/aginginplace [accessed 2022-01-20]
21. Fulmer T, Reuben DB, Auerbach J, Fick DM, Galambos C, Johnson KS. Actualizing Better Health And Health Care For

Older Adults. Health Aff (Millwood) 2021 Feb;40(2):219-225. [doi: 10.1377/hlthaff.2020.01470] [Medline: 33476185]
22. Han Y, Lu Y, Wang D, Ran M, Ren Q, Xie D, et al. The Use of Remote Programming for Spinal Cord Stimulation for

Patients With Chronic Pain During the COVID-19 Outbreak in China. Neuromodulation 2021 Apr;24(3):441-447 [FREE
Full text] [doi: 10.1111/ner.13382] [Medline: 33751731]

23. Lu Y, Xie D, Zhang X, Dong S, Zhang H, Yu B, et al. Management of Intractable Pain in Patients With Implanted Spinal
Cord Stimulation Devices During the COVID-19 Pandemic Using a Remote and Wireless Programming System. Front
Neurosci 2020;14:594696 [FREE Full text] [doi: 10.3389/fnins.2020.594696] [Medline: 33363453]

24. Consumer Health Behavior and the COVID-19 pandemic: What we've learned. PwC Health Research Institute. 2021. URL:
https://www.pwc.com/us/en/industries/health-industries/library/assets/hri-2021-consumer-survey-Insight-chartpack.pdf
[accessed 2022-01-20]

25. Telehealth Use Among Older Adults Before and During COVID-19. National Poll on Healthy Aging, University of Michigan.
2020. URL: https://deepblue.lib.umich.edu/bitstream/handle/2027.42/156253/
0212_NPHA-telehealth-report-FINAL-08142020-v6-handle.pdf?sequence=4&isAllowed=y [accessed 2022-01-20]

26. Zhang C, Zhu K, Lin Z, Huang P, Pan Y, Sun B, et al. Utility of Deep Brain Stimulation Telemedicine for Patients With
Movement Disorders During the COVID-19 Outbreak in China. Neuromodulation 2021 Feb;24(2):337-342 [FREE Full
text] [doi: 10.1111/ner.13274] [Medline: 33006811]

27. Jitkritsadakul O, Rajalingam R, Toenjes C, Munhoz RP, Fasano A. Tele-health for patients with deep brain stimulation:
The experience of the Ontario Telemedicine Network. Mov Disord 2018 Mar;33(3):491-492. [doi: 10.1002/mds.27230]
[Medline: 29119600]

JMIR eHum Factors 2022 | vol. 9 | iss. 1 | e35134 | p. 7https://humanfactors.jmir.org/2022/1/e35134
(page number not for citation purposes)

Lee et alJMIR HUMAN FACTORS

XSL•FO
RenderX

https://www.jmir.org/2019/2/e11398/
https://www.jmir.org/2019/2/e11398/
http://dx.doi.org/10.2196/11398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30720437&dopt=Abstract
https://mhealth.jmir.org/2021/3/e26528/
http://dx.doi.org/10.2196/26528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33661130&dopt=Abstract
http://europepmc.org/abstract/MED/32618875
http://dx.doi.org/10.1097/j.pain.0000000000001977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32618875&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1094-7159(21)00052-0
http://dx.doi.org/10.1111/ner.13316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33258531&dopt=Abstract
http://dx.doi.org/10.1111/ner.12059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23647668&dopt=Abstract
http://dx.doi.org/10.1111/ner.12065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23647789&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0827-7
http://dx.doi.org/10.1186/s12911-019-0827-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31146739&dopt=Abstract
http://dx.doi.org/10.1097/pr9.0000000000000816
https://doi.org/10.1155/2017/5983721
http://dx.doi.org/10.1155/2017/5983721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28260963&dopt=Abstract
http://dx.doi.org/10.1016/s1521-6942(03)00031-7
http://dx.doi.org/10.36076/ppj.2020/23/e19
http://dx.doi.org/10.1111/ner.12884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30378737&dopt=Abstract
https://www.accenture.com/_acnmedia/PDF-130/Accenture-2020-Digital-Health-Consumer-Survey-US.pdf
https://www.accenture.com/_acnmedia/PDF-130/Accenture-2020-Digital-Health-Consumer-Survey-US.pdf
https://mailchi.mp/rockhealth/aginginplace
http://dx.doi.org/10.1377/hlthaff.2020.01470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33476185&dopt=Abstract
http://europepmc.org/abstract/MED/33751731
http://europepmc.org/abstract/MED/33751731
http://dx.doi.org/10.1111/ner.13382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33751731&dopt=Abstract
https://doi.org/10.3389/fnins.2020.594696
http://dx.doi.org/10.3389/fnins.2020.594696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33363453&dopt=Abstract
https://www.pwc.com/us/en/industries/health-industries/library/assets/hri-2021-consumer-survey-Insight-chartpack.pdf
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/156253/0212_NPHA-telehealth-report-FINAL-08142020-v6-handle.pdf?sequence=4&isAllowed=y
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/156253/0212_NPHA-telehealth-report-FINAL-08142020-v6-handle.pdf?sequence=4&isAllowed=y
https://linkinghub.elsevier.com/retrieve/pii/S1094-7159(21)00080-5
https://linkinghub.elsevier.com/retrieve/pii/S1094-7159(21)00080-5
http://dx.doi.org/10.1111/ner.13274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33006811&dopt=Abstract
http://dx.doi.org/10.1002/mds.27230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29119600&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Chen Y, Hao H, Chen H, Li L. The study on a telemedicine interaction mode for Deep Brain Stimulation postoperative
follow-up. 2015 Presented at: Annual International Conference of the IEEE Engineering in Medicine and Biology Society
(EMBC); 25-29 August 2015; Milan, Italy. [doi: 10.1109/embc.2015.7318331]

29. Khazen O, Rosoklija G, Custozzo A, Gillogly M, Bridger C, Hobson E, et al. Correlation Between Aspects of Perceived
Patient Loneliness and Spinal Cord Stimulation Outcomes. Neuromodulation 2021 Jan;24(1):150-155. [doi:
10.1111/ner.13299] [Medline: 33119206]

30. Duarte RV. Analysis of Psychological CharacteristicsImpacting Spinal Cord Stimulation TreatmentOutcomes: A Prospective
Assessment. Pain Phys 2015 May 15;3;18(3;5):E369-E377. [doi: 10.36076/ppj.2015/18/e369]

31. Murphy KR, Han JL, Hussaini SMQ, Yang S, Parente B, Xie J, et al. The Volume-Outcome Effect: Impact on
Trial-to-Permanent Conversion Rates in Spinal Cord Stimulation. Neuromodulation 2017 Apr;20(3):256-262 [FREE Full
text] [doi: 10.1111/ner.12526] [Medline: 27696607]

Abbreviations
EMA: ecological momentary assessment
HIPAA: health insurance portability and accountability act
SCS: spinal cord stimulation

Edited by A Kushniruk; submitted 22.11.21; peer-reviewed by R Jamison; comments to author 17.01.22; revised version received
11.02.22; accepted 14.02.22; published 23.03.22

Please cite as:
Lee JM, Woon R, Ramsum M, Halperin DS, Jain R
User Engagement and Assessment of Treatment Effectiveness in Patients Using a Novel Digital mHealth App During Spinal Cord
Stimulation Screening Trials
JMIR eHum Factors 2022;9(1):e35134
URL: https://humanfactors.jmir.org/2022/1/e35134
doi: 10.2196/35134
PMID: 35167484

©Jennifer M Lee, Rex Woon, Mandy Ramsum, Daniel S Halperin, Roshini Jain. Originally published in JMIR Human Factors
(https://humanfactors.jmir.org), 23.03.2022. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic
information, a link to the original publication on https://humanfactors.jmir.org, as well as this copyright and license information
must be included.

JMIR eHum Factors 2022 | vol. 9 | iss. 1 | e35134 | p. 8https://humanfactors.jmir.org/2022/1/e35134
(page number not for citation purposes)

Lee et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.1109/embc.2015.7318331
http://dx.doi.org/10.1111/ner.13299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33119206&dopt=Abstract
http://dx.doi.org/10.36076/ppj.2015/18/e369
http://europepmc.org/abstract/MED/27696607
http://europepmc.org/abstract/MED/27696607
http://dx.doi.org/10.1111/ner.12526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27696607&dopt=Abstract
https://humanfactors.jmir.org/2022/1/e35134
http://dx.doi.org/10.2196/35134
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35167484&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

