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Abstract

Objective: To investigate how a behavioral health, artificial intelligence (Al)-powered, digital self-management tool affects the daily functions in
adults with chronic back and neck pain.

Design: Eligible subjects were enrolled in a 12-week prospective, multicenter, single-arm, open-label study and instructed to use the digital
coach daily. Primary outcome was a change in Patient-Reported Outcomes Measurement Information Systems (PROMIS) scores for pain inter-
ference. Secondary outcomes were changes in PROMIS physical function, anxiety, depression, pain intensity scores and pain catastrophizing
scale (PCS) scores.

Methods: Subjects logged daily activities, using PainDrainer™, and data analyzed by the Al engine. Questionnaire and web-based data were col-
lected at 6 and 12 weeks and compared to subjects’ baseline.

Results: Subjects completed the 6- (n=41) and 12-week (n=34) questionnaires. A statistically significant Minimal Important Difference (MID)
for pain interference was demonstrated in 57.5% of the subjects. Similarly, MID for physical function was demonstrated in 72.5% of the sub-
jects. A pre- to post-intervention improvement in depression score was also statistically significant, observed in 100% of subjects, as was the
improvement in anxiety scores, evident in 81.3% of the subjects. PCS mean scores was also significantly decreased at 12 weeks.

Conclusion: Chronic pain self-management, using an Al-powered, digital coach anchored in behavioral health principles significantly improved

subjects’ pain interference, physical function, depression, anxiety, and pain catastrophizing over the 12-week study period.
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Introduction

Chronic pain is a major health problem in both Europe and the
United States, impacting an estimated 90 million people in
Europe! and 100 million people in the United States.” Pain is
one of the most common reasons patients see a physician® and
a leading cause for suffering and disability,* with extraordinary
economic impacts on individuals and society.” Despite the high
prevalence of chronic pain, an unmet need for improved treat-
ments remains.” Furthermore, concerns remain around long
term chronic opioid usage push the need for more effective non-
opioid treatments.® Only a small percentage of patients have
access to interdisciplinary pain management centers due to geo-
graphic, insurance, and financial constraints.” Consequently,
finding effective, safe, and accessible treatment options for
chronic pain remains a global public health priority.*
Technological advancements in pain management strategies
may provide more personalized, precision-based approaches to
pain  care® while addressing the multidimensional

biopsychological nature of chronic pain.® Chronic pain is also
impacted by psychological and cognitive effects, such as anxi-
ety, depression, fatigue, as well as functional aspects of daily
life. The multi-faceted nature of pain is thus immensely individ-
ual, interfering with normal daily activities, and has a large neg-
ative effect on health-related quality of life. Consequently, the
individual’s biopsychological parameters need to be considered,
utilizing a patient-centric and individualized treatment modality
optimal for improving daily functioning and quality of life.>’
The fundamental goal of pain rehabilitation processes is to
optimize a patient’s self-rated quality of life through the ability
to adapt and respond to changes, thereby minimizing pain and
distress.'® Programs addressing this include cognitive behavio-
ral therapy (CBT) approaches, such as acceptance and commit-
ment therapy (ACT).!! A large proportion of patients with
chronic pain focus on reducing or eliminating their pain, which
leads to a fear avoidance behavior towards activity or rest.'*'*
Therefore, the aim with ACT is to increase psychological flexi-
bility, ie, the ability to stay in the present moment, which is
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achieved by avoiding difficult thoughts, feelings and sensations
enabling change or promote behavior that serves a patient’s
values and goals."> Thus, ACT does not focus on symptoms,
but rather on reducing the dominance of pain in daily life.'®
Improved daily function may also be observed with other CBT-
based integrative approaches.'” Today, CBT approaches are a
common psychological intervention for chronic pain, although
a recent systematic review concluded that the effects of CBT
rapidly decreased with time after intervention.'”'®

Novel approaches to self-management of pain care that
promote long-lasting behavioral changes must therefore be
tailored to each person’s experience.” The Center for Disease
Control and Prevention’s (CDC’s) Clinical Practice Guideline
for Prescribing Opioids for Chronic Pain emphasizes an indi-
vidualized, patient-centric approach for treating chronic
pain.'” However, most treatment options offered to patients
today are based on population-based validations and are lack-
ing this overall patient-centric approach. Core self-
management skills, such as self-monitoring of symptoms,
increased self-efficacy, that is, the ability to engage in behavio-
ral changes to reach ones goals, are important in the pain
rehabilitation process.”’~** However, implementing new skills
and behavioral changes can be difficult in daily self-care,
partly since the human brain is incapable of handling more
than four variables at the same time,”® whereas everyday life
consists of many more variables. The use of artificial intelli-
gence (Al) may inform individualized and gradual behavioral
changes when there are too many variables for the human
brain to manage.”> Thus, such Al-driven guidance is not
based on population behavioral models, but rather on an indi-
vidualized approach to improving function. A digital tool has
the potential to increase the psychological flexibility, by guid-
ing the user how to achieve personal goals and hence move
toward a value based life despite their pain.**~>?

Research studies on the impact of electronic tools to assist
with day-to-day pain management skills are numerous, but a
comprehensive daily tool that also guides patients with chronic
pain in self-management strategies and lifestyle modifications
would be desirable. A user-friendly, digital platform for patients
suffering from chronic pain could provide patients with an indi-
vidualized coaching to increase their control over their daily
activities by identifying pain triggers, improving function, and
decreasing pain. The Al-powered digital tool, PainDrainer ™,
based in part on the principles of ACT, aims to accomplish
exactly this and uses a neural network that recognizes underly-
ing relationships in the pain-activity axis through a process
mimicking the way the human brain operates. The aim of the
prospective, 12-week, multi-center, single-arm study, was to
investigate if self-management with PainDrainer™, a
medication-free, Al powered tool, improves daily functioning
of patients with chronic back or neck pain. The outcome was
evaluated by Patient-Reported Outcomes Measurement
Information Systems (PROMIS) scores of pain interference (pri-
mary outcome). Secondary outcomes included improvements in
PROMIS scores for physical function, anxiety, depression, and
pain intensity, as well as pain catastrophizing.

Methods
Study design

The present study was a multicenter study performed at
Newton-Wellesley = Hospital (NWH) in  Newton,
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Massachusetts, and New York-Presbyterian/Weill Cornell
Medical Center Pain Management Division (WCMC) in New
York, New York. The design was a single-arm, open label,
prospective study. The studies were registered at www.clini-
caltrials.gov (NCT04865263 at NWH and NCT04628650 at
WCMC). The study was approved by the Institutional
Review Boards at each study site (Massachusetts General
Brigham protocol number 2020P000532, Boston, MA; and
Weill Cornell Medicine protocol number 19-04020168).

Inclusion/exclusion criteria

Subject inclusion criteria were as follows: 1) age > 18; 2)
> 3 months low back or neck pain; 3) average daily numeric
rating scale (NRS) score > of 4 in the lower back or neck; 4)
back or neck pain as the primary area of pain (NRS scores
< 4 in other areas of pain); 5) subject agreement to using the
web-based application on a daily basis for 12 weeks; 6) no
anticipated plans for back or neck surgery for at least
3 months; 7) subject knowledge, proficiency, and access to
using a smart phone, tablet, or computer in the English lan-
guage; 8) ability to engage in basic physical activity (eg,
ambulation, light exercise, physical therapy exercises, etc.); 9)
subject agreement to remain on stable doses of medication
and a stable treatment regimen. Study exclusion criteria were
as follows: 1) low back pain requiring anticipated surgical
intervention within 3 months of enrollment; 2) severe or acute
psychiatric illness, severe anxiety, or depression; 3) current
history of substance use disorder; 4) serious illness in active
treatment; 5) pain related to malignancy; 6) other areas of
pain exceeding the level/intensity of low back or neck pain; 7)
currently involved in a lawsuit or pending litigation in rela-
tion to the low back or neck pain.

Study procedure

Patients at the NWH ambulatory care center and WCMC
center for comprehensive spine care were screened by study
staff for eligibility. Patients were informed of the study by
their treating providers or study staff who contacted poten-
tially eligible participants virtually at NWH and in person at
WCMC to describe the study in detail and assess initial eligi-
bility. Written, informed consent was obtained by study staff
prior to enrollment. Participants were free to withdraw from
the study at any time without providing an explanation. The
study was performed in accordance with the principles of the
Declaration of Helsinki.

All subjects continued standard treatment and rehabilita-
tion for their conditions, for example, physical therapy, medi-
cations, interventions, and education in pain management
strategies, as applicable. Any changes to ongoing treatment
modalities were recorded throughout the study. Patients
logged and received digital information material daily, using a
tablet, smart phone, or computer as well as login capabilities
to the digital platform containing the cloud-based Al applica-
tion for self-management of pain, PainDrainer ™.

All baseline demographic and questionnaire data were
recorded using secure email links, via REDCap, as detailed
below. Data collected daily by the web-based tool in all sub-
jects included, worst, least, and average pain scored by NRS
through the digital web-based application. The subject was
asked to spend a few minutes to log data at least every second
day, such as sleep, work, physical activity, leisure time, house-
work, the intensity of the activity, as well as the feeling (satis-
faction) when performing the activity. The logged activity
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data were collected by the web application, and the Al engine
used advanced algorithms to analyze the data. The Al engine
was “educated” after approximately 8 times of logged activ-
ities (the learning period), and after this period the prognosis
tool in PainDrainer™ had the power to suggest activities or
combination of activities and to predict the resulting pain
level. At 6 weeks and at the completion of the 12-week study
period, repeat questionnaires were administered to all sub-
jects. Participant engagement was measured by number of
daily logs during the study, evaluated after 6 and 12 weeks.
Participants not logging their daily activates for two weeks, or
less than twice per week over the 12-week study time and not
responding to reminders were considered lost to follow up
and excluded from study analysis.

Assessment questionnaires

Questionnaires were administered at baseline, at 6 weeks, and
at 12 weeks upon completion of the study, using REDCap
secure email links. A demographics questionnaire was admin-
istered via REDCap email link upon study enrollment.
Primary outcome measured: PROMIS scores for pain interfer-
ence 6a (6 questions). Secondary outcomes measured
included: PROMIS scores for physical function 10a (10 ques-
tions), anxiety (4 questions), depression (4 questions) and
pain intensity (3 questions). Additional questionnaires admin-
istered at NWH at baseline, 6 weeks, and 12 weeks, included:
1) the Pain Catastrophizing Scale;** 2) the Chronic Pain
Acceptance Questionnaire 8 (CPAQ-8);>2° 3) a brief medical
history of ongoing treatment modalities and medications.
Usability questionnaires were administered at WCMC at the
study conclusion.

Statistical methods

A power calculation estimated that 24 patients were sufficient
to achieve 80% power to detect a mean difference (delta T) of
0.5 points (assuming a standard deviation of 0.83 for the dif-
ference) as significant at the alpha-level of 0.05, using a two-
sided paired ¢ test. The power calculation was performed in
Stata 15.1, StataCorp LLC, College Station, TX, USA. The
overall treatment response was analyzed, using Wilcoxon
nonparametric test for paired samples to calculate the statisti-
cal difference between T-scores, pre- and post-treatment for
pain interference, physical function, depression, anxiety, pain
intensity. A confidence level of 95% was used. The PROMIS
questionnaire subscales were converted to T-scores by sum-
ming the scales and using the raw score to T-score conversion
tables provided at HealthMeasures.net.””>*® These are stand-
ardized scores with a mean of 50 and standard deviation of
10. The standardized T-scores facilitate comparison to the
general population and to other study samples. The measured
outcomes were the difference in mean change from baseline,*’
using the normalized T-score scale. Evaluating the change in
anxiety (PROMIS anxiety 4a) and depression (PROMIS
depression 4a), the PROMIS T-scores of 55, 60, 65, and 70
appeared to be sound thresholds for mild, moderate, moder-
ately severe, and severe anxiety or depression.*® The T-score
was calculated from the PROMIS questionnaire at the start of
the study and compared to post-treatment after 6 and
12 weeks of using the digital application. The T-score shows
how many standard deviations the result is from the mean
and a post-treatment reduction indicated a positive response
and an improvement for the patient. The Minimally
Important Difference (MID) was analyzed, where MID refers

to the smallest meaningful difference in T-score that carries
implications for the patient.*" A clinically significant MID for
PROMIS pain interference is an estimated reduction of 2.4,
while for physical function it is an increase of 1.9. For anxiety
it is a reduction of 2.3, and for depression a reduction of 3.0.
Pain-related acceptance was assessed with the 8-item CPAQ-8
summary scores computed for two 4-item subscales, “Pain
Willingness” and “Activity Engagement,” and an overall total
score for the eight items was calculated. Higher scores corre-
spond to greater levels of acceptance. Cut off scores were set,
according to Rovner et al.>* The effect size for Wilcoxon
signed-rank test was calculated and conventional classifica-
tion was used, thatis, 0.1 (small), 0.3 (moderate) and 0.5 and
above (large effect).

Design of the digital tool

PainDrainer™, was developed by Lund University and
PainDrainer AB, and is powered by an Al engine and uses
machine learning to teach an individual model associating
activities with average pain. Paindrainer is based on the prin-
cipals of pain management, utilizing the core component of
Acceptance and Commitment Therapy (ACT), that is, to
move toward openness, awareness, and values-based life
engagement. The model is based on artificial neural networks,
specifically a multi-layer perceptron with a single hidden
layer. During training (back-propagation), the weight factors
are tuned for sleep, work, physical activity, leisure time,
housework, the intensity of the activity, as well as the level of
satisfaction, when performing the activity and the resulting
level of pain, as recorded by the patient. The training is car-
ried out to ensure that the model can generalize to unseen
activity settings. A trained model can be queried in a reverse
fashion to find appropriate activities for a desired average
pain level. To test the engine prior to the study, we analyzed
the convergence rate for each responding user. The Al engine
showed convergence after approximately 8 daily logs. The
PainDrainer™ converging Al engine demonstrated that the
software adapted to the input data of each individual, which
is the core of patient-centricity. The fundamental goal of the
AT engine is to create an individualized activity balance that
enables the user to increase their function and sustain the
same pain level or alleviate the pain, and at the same time
increase psychological flexibility. The user sets individual
goals that the Al engine guides the subjects toward.

Results

This prospective study was performed from June 2021 to
August 2022, to further investigate an Al-powered digital
tool for pain management.*® Ninety-four subjects consented,
28 (29.8%) chose not to enter the study, and 23 (24.5%) did
not log data beyond the initial two weeks and were excluded
from the analysis. 43/94 (45.7%) of subjects completed the 6-
week questionnaire. On analysis, 2/43 patients did not com-
ply with study requirements, that is, did not log activities and
pain levels and were excluded from the study. One subject did
not display any correlation between recorded activities and
pain experience and was therefore not included in the analysis
(Figure 1). In sum, 41 and 34 subjects were included in the
final analysis.
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Figure 1. Study flow, showing the number of consented subject and the number that finished the 6- and 12-weeks questionnaires.

Primary outcome

The primary outcome was a decrease in pain interference, as
measured by the PROMIS 6a pain interference scale. At
6 weeks the pain interference score had significantly decreased
from baseline (P<.0001) and sustained at 12weeks
(P=.020) with a decrease in mean T-score from 61.5 to 57.6
at 6weeks (n=41) and to 59.1 at 12weeks (n=234)
(Figure 2A). Overall, 73.8% of the subjects had an objective
decrease in T-score. We then analyzed how many subjects
reach MID during the study period, that is, the smallest mean-
ingful difference that carries implications for the patient, in
contrast to a statistically significance change.?' The MID for
pain interference, was calculated based on the delta T-score,
pre- and post-treatment. An improvement in PROMIS pain
interference, below the MID of —2.4,%** was achieved by
57.5% of the patients during the study period. The respond-
ing group displayed a decrease in MID of —8.5 at 6 weeks
(n=19) and —7.4 at 12 weeks (n=14) (Figure 2B).

Secondary outcomes

The secondary outcomes were improvement in the following
scores: PROMIS physical function (Figure 3), PROMIS anxi-
ety (Figure 4) and PROMIS depression (Figure 5) scores and

PROMIS pain intensity scores (Figure 6), pain catastrophizing
and Chronic Pain Acceptance Questionnaire. Delta T-score
was calculated from pre- and posttreatment after 6 and
12 weeks. The use of the digital coach significantly improved
physical function, measured by PROMIS physical function
10a, at 6 weeks (P =.0008) and at 12 weeks (P =.0008) with
an increase in mean T-score from 39.9 to 41.9 at 6 weeks
(n=41) and to 41.8 at 12 weeks (n=34) (Figure 3A). The
MID for physical function, was calculated based on the delta
T-score, pre- and post-treatment (Figure 3B). Improvement in
physical function, above MID of 1.9)** was achieved by
72.5% of the subjects during the study period. The respond-
ing group displayed an increase in MID of 5.1 at 6 weeks
(n=20) and 4.7 at 12 weeks (n = 20).

A pre- to post-intervention improvement in depression and
anxiety was also statistically significant, where the signifi-
cance was calculated on the full data set, as well as for sub-
jects with the more relevant baseline T-score >355, which is
above the set limit for mild to severe depression (n=17) or
anxiety (n=16). A significant decrease in anxiety was
observed over the first 6 weeks (P =.0001) and sustained after
12 weeks (P=.030) with a decrease in mean T-score from
60.7 to 55.7 at 6weeks (n=17) and to 55.9 at 12 weeks
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(n=12) (Figure 4A). The MID for improvement in anxiety
was calculated based on the delta T-score, pre- and posttreat-
ment (Figure 4B). Improvement in anxiety, below the MID of
—2.3,>*%% was achieved by 81.3% of the subjects during the
study period. The responding group displayed a decrease in
MID of —6.4 at 6weeks (n=13) and —5.9 at 12 weeks
(n=235). A similar effect was seen for change in depression at 6
and 12weeks (P=.003 and P=.0001) with a decrease in
mean T-score from 59.7 to 54.6 at 6 weeks (n=12) and to
52.3 at 12 weeks (n=10) (Figure SA). The MID for improve-
ment in depression was calculated based on the delta T-score,
pre- and posttreatment (Figure 5B). Improvement in depres-
sion, below the MID of —2.0,%> was achieved in 100% of the
subjects during the study period. The responding group dis-
played a decrease in MID of —6.9 at 6 weeks (n=12) and
—7.4 at 12 weeks (n = 10).

The effect on pain scores was measured differently at the
two sites. At WCMC, measured by NRS, a significant differ-
ence was found at 6weeks and 12weeks (P=.002 and
P=.031) with decrease in mean score from 5.6 to 4.4 at
6 weeks and to 4.1 at 12 weeks (n=11) (Figure 6A), surpass-
ing a MID score of 1.>° At NWH, measured by PROMIS pain
intensity 3a (Figure 6B), a significant difference was found at
6 weeks (P=.022), with a recorded decrease in mean score
from 50.5 to 48.0 at 6 weeks (n=30) and to 49.0 at 12 weeks
(n=27), (P> .05). Outcome data is summarized in Table S1.

PCS scores and CPAQ-8 summary scores were obtained at
the NWH site only at 12 weeks. PCS mean scores decreased
significantly from 12.9 to 8.2 (P=.024; n=27) (Figure 7). A
similar effect was also recorded on the activity engagement
level measured by the CPAQ-8 summary scores, with a signif-
icant increase in mean score from 15.5 to 17.1 after 12 weeks
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(P=.014; n=27) (Figure 8A). No statistically significant
effect was seen for pain willingness (Figure 8B).

To further investigate whether the digital tool had an
impact on the daily work duration of working people, defined
as the ability to work for more than 60 minutes per day
(n=32), their logged primary data was analyzed.

The average daily minutes of logged work was calculated at
week 1, 6, and 12. The number of working days in a week
was identified by analyzing work patterns and the average
duration of up to 5 work loggings in a 7-day period. The
same method was used to calculate logged work satisfaction
and how intense the working day had been to the subject. The
change in number of minutes of work per individual subjects
was calculated (Figure 9), and around 50% of subjects
showed an increase in daily capacity to work, 15% showed
no change and 35% showed a decrease. A change of less than
15 minutes was considered as no change. In sum, 69% of the
subjects increased their daily work period by over one hour

(range 60-320 minutes) while having no major changes in
clinical treatment program.

At WCMC, usability questions were obtained after the
study period regarding the function of the device and what
they had learned by using the device. All subjects (n = 6) con-
firmed that they now had a better understanding of what
activities affect their pain, and 5 out of 6 had tried improving
their pain level by changing activities. They majority (67%)
found the application easy to use and would like to continue
to use the application after the end of the study and 83%
would recommend the tool to others living with chronic pain.
The subjects stated that the time spent using the tool was 5—
7 minutes per day.

Discussion

This prospective, multicenter study, single-arm, open-label
study demonstrates that an Al-powered web-based tool
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anchored in ACT behavioral health principles to help guide
daily activity significantly decreased chronic back and neck
pain subjects’ pain interference over a 12-week study period,
evident by the recorded MID. Additional statistically signifi-
cant improvements were observed in subjects’ physical func-
tion, depression, anxiety, pain intensity, and pain
catastrophizing with a high to medium positive effect on all
parameters investigated other than pain willingness. The posi-
tive treatment effects superseded the MID in a large propor-
tion of the subjects. Furthermore, of the subjects that
improved their duration of daily work almost 70% increased
by over an hour per day.

While previous studies utilizing machine learning have been
able to find some patterns in retrospective data and suggest
future pain levels, they have been very limited in their ability
to provide real-time, individualized suggestions directly to
patients and with multiple variables at a time.>” Furthermore,
other studies evaluating the usefulness of mobile applications
did not find any suitable for clinical use, partly because of
lack of evidenced based content,”®*” while some reported a
significant improvement in pain interference*’ and anxiety.*!
Although some digital tools use Al to improve physical func-
tion and decrease pain, their reference is based on population
data and not on patient-centric, individually sourced data.
For example, these tools analyze how generally recommended
physical rehabilitation exercises are performed, give advice in
real time and suggest new exercises to the patient.*~** Some
of these digital tools for self-management of pain have been
tested in clinical studies and a recent 2020 meta-analysis
explored their effectiveness.*> The primary outcome of effi-
cacy was only pain intensity, since alternative outcomes were
infrequently reported, and a small but significant effect was
found when compared to baseline measures or control
groups.”® Despite the fact that some of these digital tools
showed a statistical difference between intervention or control
groups, they have not reported if the difference is clinically
significant for the individual subjects. To the best of our
knowledge, the present study is the first to demonstrate a clin-
ically significant improvement for individual subjects with
chronic pain, using a patient-centric and personalized Al-
powered pain management digital tool.

This study demonstrates the clinical effectiveness of a digi-
tal Al tool that allows participants to self-manage their pain
levels by adapting their daily activity to suit their needs. It
does so by offering tools to synthesize, present, and project
pain levels of the user, enabling discovery of the optimal, indi-
vidualized, activity balance. This resulted in decreased pain
interference, increased activity engagement, decreased pain
catastrophizing, increased physical activity level, as well as
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decreased depression, anxiety, and pain intensity for most
users, contributing to an increased health related quality of
life.*® The study demonstrates that the digital coach powered
by Al affected multiple aspects of the pain experience.

Limitations of this present study include the following: 1)
patients that participated were skewed toward subjects that
were comfortable using web-based technology, which may
impact the generalizability of PainDrainer™ as a treatment
option; 2) there was a moderate loss-to-follow/drop-out rate
after 2 weeks, likely due to initial setup in person versus
2 week follow up remote visitations at WCMC. Of note, the
higher drop out cohort subjects (post hoc analysis) displayed
higher scores in pain catastrophizing (data not shown); 3)
there were minor differences in reported survey data, as the
WCMC site did not collect pain catastrophizing or pain
related acceptance data; 4) there were minor fluctuations in
pain trends between the timepoints of baseline to six weeks,
compared to 6 weeks to twelve weeks, as seen in pain interfer-
ence scores. The latter is, however, common with pain treat-
ments in that worsening and acclimation may occur in the
absence of other interventions. We anticipate that this fluctua-
tion would normalize if the study was of a longer duration.

While the dropout rate matches several other digital based
studies*”**® the following reasons could explain the phenom-
enon specifically in this study: 1) lack of payment to partici-
pants, 2) mostly virtual engagement with limited in office
follow-up due to coronavirus disease 2019 (COVID-19) and
clinic restrictions, 3) a web-based platform and expected tech-
nical challenges with user experience of the interface, 4) lim-
ited resources available to engage with patients due to it being
an unfunded study and deployment of limited research assis-
tants to focus on COVID-19 research efforts.

The magnitude of changes that a patient finds important or
meaningful, rather than a statistically significant change, is
essential for comparative digital effectiveness studies.
Consequently, in understanding the full clinical impact of the
present results, we adopted MID estimates of PROMIS meas-
ures.’! In other studies, Substantial Clinical Benefit (SCB)
thresholds are instead used to define the clinical relevance of
changes in PROMIS scores, and these typically require a
somewhat larger change in score compared to MID.*~? For
example, in a study of patients receiving surgical spine surgery
they found MID to be 4.9 and 4.5 for pain interference and
physical function, respectively, while the SCB change was 6.9
and 6.8. In the present study the change in T-score was con-
siderable, with four times of what was MID for pain interfer-
ence and two times for physical function.

Al-based personalized pain treatment has significant poten-
tial for future pain care, providing an inexpensive, easily
accessible, patient-centric and individualized treatment over
time.”* At a minimum, patients can predict and plan for activ-
ity modification for upcoming events to minimize pain.
Furthermore, the technology could be applied in conjunction
with other pain treatments where variable doses (pharmaco-
therapy), or programming (neuromodulation) could be
adapted in closed-loop fashion with patient input and the Al
input from PainDrainer™. Based on subject feedback and to
further improve accessibility, user experience, and clinical
outcome, an extensively upgraded version is now being devel-
oped that will be easier to utilize with a smart phone. This
digital technology could be combined with coaching and CBT
platforms to further enhance the offerings for pain treatment
in a cost-effective personalized fashion. Future studies with

the above applications should be undertaken to expand the
horizon of personalized, Al-driven pain treatments.

Conclusion

Individualized, safe, and easily accessible pain management
strategies are greatly needed to support the daily function of
millions of people suffering from chronic pain today. In order
to decrease pain and improve function, patients with chronic
pain are frequently advised by healthcare professionals to
keep a pain diary to track pain levels, triggers, and treatments
in order to facilitate attempts to personalize treatment.
Unfortunately, collection of this data is often incomplete,
unanalyzed, and unactionable. As demonstrated in this multi-
center study, an Al powered digital tool offers an individual-
ized solution to these challenges by guiding patients to self-
manage their daily pain for improved quality of life.
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