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Abstract.
BACKGROUND: Low back pain (LBP) is a significant source of disability and decreased quality of life. The Self-Natural Posture
Exercise (SNPE) intervention can be used effectively in many cases, but feasibility and impact has not been fully explored.
OBJECTIVE: The current study explores the feasibility and efficacy of face-to-face (FtF) and virtual (Vir) SNPE programs on
chronic low back pain.
METHODS: This is a randomized single-blinded waitlist control study with 10 participants in the FtF group (age 45.8 ± 2.89)
and 9 in the Vir group (age 52.2 ± 2.3). Participants had low to moderate low back pain for > 3 months. Those who would
eventually become the Vir group served initially as a waitlist control (Con) group. The FtF group received 12 weeks of in-person
exercise training sessions conducted and the Vir group received weekly recorded training videos created by and featuring the same
instructor. Measured outcomes included feasibility assessed by rate of retention and rate of attendance, level of low back pain
(Oswestry Disability Index, Visual Analogue Scale), quality of life (36-Item Short Form Health Survey 1.0), muscular pressure
pain threshold, and muscle tone. Analysis was done via repeated measures ANOVA and Wilcoxon tests.
RESULTS: Rates of retention were 80% in the FtF group and 78% in the Vir group. Attendance rates were 88% in the FtF group
and 60% in the Vir group. ODI, VAS, and some SF-36 domains improved in both the FtF and Vir groups. Overall, the FtF group
improved in more domains and by a larger degree than the Vir group and both groups improved relative to Con.
CONCLUSION: A 12-week SNPE program, done virtually or in person, shows promise in improving ODI, VAS, and some
SF-36 domains. FtF appears to be more effective. Future studies would benefit from sampling a larger and more diverse population.
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1. Introduction

Low back pain (LBP) is a major health concern
across the United States, resulting in a significant socio-
economic burden, considerable disability, and reduc-
tion in quality of life [1]. The direct economic impact
of LBP in the U.S is at least $34 billion and contin-
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ues to grow [2]. It is estimated that up to 80 percent
of all people experience LBP some time in their life
and the rate of recurrence is about 20 percent [3,4,5].
Chronic low back pain (CLBP) is defined as pain that
has been present for 3 months or longer, and patients are
generally diagnosed based on their history [5]. Clinical
practice guidelines for CLBP by the American College
of Physicians recommend nonpharmacologic treatment
including exercise, massage, spinal manipulation, or
cognitive behavioral therapy [6]. There is a growing
body of research that supports exercise as an effective
nonpharmacologic treatment for CLBP to reduce pain,
help maintain or restore flexibility, improve strength,
and increase endurance [7,8,9].

One such non-pharmacologic treatment is Self-
Natural Posture Exercise (SNPE), a series of exer-
cises developed by a chiropractor and influenced by
orthodontic bracing principles [10,11]. The system was
designed to specifically target back and neck pain. Its
aim is to restore the natural curvature of the individual’s
spine by normalizing muscle strength and muscle tone
in the axial body via independently performed exercises
and independently performed myofascial massage. The
term “Self-Natural Posture Exercise” is derived directly
from this proposed mechanism of pain relief. As pa-
tients engaging in exercise programs for LBP [12] and
other conditions [13] often do not demonstrate proper
exercise technique, SNPE utilizes orthodontics-inspired
bracing tools to enforce proper body alignment so that
individuals can easily practice the standard eight ex-
ercises without professional oversight or follow-up. A
Pelvic Correction Belt is worn around the hips and a
Posture Correction Belt is worn around the legs, and a
typical program targets the entire axial skeleton. The
exercises can be practiced anywhere and are expected
to be widely accessible as the exercises are simple and
of low- to moderate-intensity [10,11].

There are several studies examining the efficacy of
SNPE; however, prior research on SNPE examined
overall pain levels rather than CLBP specifically and
did not include control groups. Additionally, there are
no studies from outside the country of South Korea [10,
11]. As such, there is little data on the generalizability
of SNPE, its feasibility for CLBP, the degree of cultural
acceptance in other countries, and of the all-important
rate of adherence to a home exercise program. The Vir-
tual (Vir) courses may be of particular promise, given
the self-directed nature of SNPE lends itself to such
a method of instruction and also in light of the recent
COVID pandemic which limited patient access to in-
person care. The impact of finding efficacious clinical

applications of SNPE, especially Vir sessions, to the
global CLBP patient population could be significant.
First, comparatively inexpensive courses could bring
treatment to those with limited financial means who
may not be able to afford other options [14,15]. Second,
the Vir courses would bring this intervention to those
in areas where other options, such as intervention by a
skilled physical therapist, chiropractor, acupuncturist,
etc. are not available. Third, it would serve as an addi-
tional intervention to trial for the diagnosis of CLBP,
which can be refractory to current approaches [16].

The present study seeks to repeat the previously de-
scribed positive clinical impact of SNPE [10,11] in a
new population, examine adherence, and compare the
trends of the effects of FtF and Vir courses.

2. Methods

2.1. Study design

We conducted an assessor-blinded randomized con-
trolled trial (RCT) with waitlist control evaluating the
feasibility of an SNPE program for CLBP reduction
between Face-to-Face (FtF), Vir, and Control (Con)
groups. The waitlist Con group received the online
SNPE intervention after serving as a control group for
both the FtF and Vir groups. By nature of this study
design and intervention, the participants and instructor
were unavoidably aware of if they were in the FtF or
Vir group and it was not possible to blind them to that
information. Consequently, our blinding efforts empha-
sized blinding the assessors to the participants’ assigned
groups and the primary researcher (AS) to the data col-
lection process. The protocol was approved by Advarra
IRB (Pro00055003) on 16 August 2021. The study’s
ClinicalTrials.gov identifier is NCT05136729.

2.2. Participants

Participants were recruited from December 2021 to
April 2022 in Billings, MT, USA through flyers, so-
cial media, and referrals from community healthcare
providers. Recruitment messages included relevant in-
formation about the study, benefits, and inclusion crite-
ria as well as a link to a study-specific website recapit-
ulating this information with additional details (https://
xppizim.wixsite.com/snpestudy). Interested individuals
completed an online survey (www.surveymonkey.com)
which included the Oswestry Disability Index (ODI)
Questionnaire [17] and the Visual Analog Scale (VAS)
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[18] for pain severity. Data from the online survey was
reviewed to determine eligibility.

The eligibility criteria included: have a LBP score of
1 or higher on the VAS for at least 3 months duration
with a low to moderate disability score (less than 50%
on the ODI), have internet access with a mobile or desk-
top device capable of video streaming, not currently
receiving manual or physical interventions for low back
pain, no opioid medication for low back pain used in
the last 30 days, and no plan to have back pain treat-
ment in the next 12 months. Individuals were excluded
if they had: history or evidence of functionally signifi-
cant musculoskeletal deformity and balance dysfunc-
tion, a history of spine or pelvis orthopedic or neurolog-
ical surgery, a significant medical (e.g., cardiac or pul-
monary) condition limiting exercise safety or tolerance,
pregnancy, or a body mass index (BMI) > 35.

Individuals were informed of their eligibility through
email and, if eligible, set up an appointment for the first
assessment. At the first visit, participants were provided
documentation of informed consent and signed a Health
Insurance Portability and Accountability Act (HIPAA)
form before the assessment was started. After the first
assessment, one of our researchers (JJ) who was not
involved in intervention nor assessment randomly as-
signed participants to either the FtF or Vir groups using
random numbers derived from a random number table
in Microsoft Excel.

A statistical power analysis was conducted using
G*Power (3.1) [19] to estimate the sample size re-
quired for between-group comparisons. This analysis
was guided by previous findings showing large effect
sizes (ie, > 0.8) in pain reduction, improved physi-
cal function, and mental health outcomes with exercise
training for low back pain [20]. Consistent with rec-
ommendations for higher power levels [21], a power
of 0.95 was targeted where practically feasible. The
analysis estimated that a sample size of 38 participants
would achieve the desired parameters of 80% power,
Cohen’s d of 0.95, and a significance level of p < 0.05.
To accommodate potential attrition, the sample size was
increased to N = 42.

2.3. Outcome measures

2.3.1. Primary measures
Our primary outcome measure was feasibility. To

assess feasibility, we evaluated the rate of completion
of the intervention, rate of attendance, and rate of ad-
verse events. The rate of completion for both groups
was defined as the number of participants who com-

pleted the 12-week intervention (via either the FtF or
Vir exercise programs) followed by completion of the
post-intervention assessment.

2.3.2. Secondary measures
Secondary outcome measures were participant-

reported outcomes and outcomes measured by the re-
search team. Participant-reported outcomes measures
addressed disability from low back pain, pain severity,
and quality of life. The disability from low back pain
was measured by The Oswestry Disability Index (ODI)
Questionnaire version 2.0 [17]. It consisted of ten top-
ics, each followed by six statements describing scenar-
ios related to the topic. Patients scored each statement
on a scale of 0–5, with higher scores indicating greater
disability [17,22]. The Visual Analog Scale (VAS) was
used to measure pain severity at rest and during activ-
ity. Participants marked their pain intensity on a 10-cm
line, where 0 represented no pain and 10 represented
the worst possible pain [23]. The SF-36 (based on the
RAND 36-Item Health Survey 1.0) assessed quality of
life [24]. The survey covered eight domains of health
and used three- or five-point Likert scales for responses,
with a higher score indicating better quality of life.
All self-reported data in this study were collected and
exported via www.surveymonkey.com, which is com-
pliant with data privacy regulations like General Data
Protection Regulation (GDPR).

Pressure pain threshold (PPT) and muscle tone (MT)
were measured by the research team. MT, expressed
in frequency (Hz), was measured using a non-invasive
muscle tone meter. This same muscle tone meter was
also used to assess PPT, an indicator of sensitivity to
pain, and is defined as the minimum force applied which
induces pain.

2.4. Assessments

Feasibility was examined by qualitatively evaluat-
ing adherence and the number of adverse events. Ad-
herence was considered to be a combination of study
completion and attendance rate [25]. Completion rate
was simply the number of participants who completed
the study divided by the total number of participants
in the respective group. The attendance rate had to be
measured differently between the groups secondary to
the nature of the study design and self-directed nature
of the Vir group. For the FtF group, AS simply noted
physical attendance. For the Vir group, it was calculated
by examining participant-submitted weekly exercise di-
aries over 12 weeks. As 7 Vir participants completed
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the study, 84 (7 participants × 12 weeks) diaries were
expected.

All outcome measures were standardized and docu-
mented. To maintain consistent test conditions, outside
noise and vibration were limited, and appropriate tem-
perature (22–25◦C) and humidity (45–60%) were main-
tained. Additionally, participants were instructed to
avoid any pain medications, including over the counter,
for 24 hours before undergoing a measurement session.

When participants arrived at the laboratory, they
were requested to complete the ODI, VAS and SF-36
on an electronic tablet while sitting in a comfortable
chair. Height and weight were measured barefoot via
a stadiometer. Prior to assessing muscle tone and pain
threshold participants sat for 10 minutes, breathing nat-
urally, without external stimulus. During the measure-
ment process, participants were instructed to relax as
much as possible.

To measure PPT [26], the examiner used a gauge
with a flat circular probe with an area of 1 cm2 placed
vertically on the muscle to be measured and pressure
was gradually applied. The participants verbally noti-
fied the examiner when they started to feel pain. The
examiner then released the probe, and the pressure at
the time of removal appeared on the screen in units of
kg/cm2. MT and PPT were measured at the latissimus
dorsi, gluteus medius, and bilateral L4 erector spinae as
well as 1 cm above and below to estimate L3 and L5,
respectively. To measure MT [27], a handheld device
with a small probe was positioned perpendicularly over
the center of the muscle to be tested and pressed into it.
The device applied a mechanical impulse of 15 ms dura-
tion and total mechanical force of 0.58 N. The resulting
muscle vibration was recorded. MT was displayed on
the device by automatically calculating biomechanical
parameters. All sites were measured twice, and when
the coefficient of variation (CV) was 3% or less, the
average value was recorded; when the CV was 3% or
more, re-measurement was performed.

All outcomes were assessed by the same evaluation
team before the intervention, after the intervention, and
at the 12-week follow-up. The evaluators were com-
pletely independent from both the intervention admin-
istered and the data analysis process.

2.5. Intervention

Participants in the FtF group were required to attend
two sessions of SNPE training per week for a duration
of 12 weeks. The SNPE training was conducted at a
local physiotherapy clinic with 2–5 participants per
session, led by a certified SNPE instructor (AS).

Participants in the Vir group received weekly emails
for a duration of 12 weeks containing two instructional
exercise videos and a link to a self-reported exercise di-
ary. In addition, the email encouraged them to perform
SNPE training at least twice a week and to complete the
self-reported exercise diary, which tracked their atten-
dance, completion of the provided program, physical
exertion, and any adverse events.

The details of basic SNPE exercise training [10,11]
are provided in Table 1. In general, the training includes
body weight exercises in conjunction with belts to align
and stabilize body posture and joints. Up to four belts
were used in this study, positioned around the hips,
thighs, below the knees, and above the ankles. Part of
the intervention also involved self-performed myofas-
cial release using SNPE equipment. As with physical
therapy, small adjustments to positioning or technique
were often required for those in the FtF group during
training. These adjustments could not be provided to
the Vir group due to the one-way communication inher-
ent in the study design. After completing the FtF group
sessions, AS created videos with the same exercise pro-
gram content. They were presented to the Vir group
in progressive order, matching the progressive nature
of the exercise program administered to the FtF group.
While the FtF sessions were 60 minutes in length, the
videos were 35–45 minutes in length as the instructional
process was more streamlined without the presence of
interpersonal interaction.

Although the potential for discomfort during exercise
including headache, bruising, dizziness, or nausea was
written in the informed consent, the instructor men-
tioned it again before beginning the FtF classes and at
the beginning of the Vir video series.

2.6. Data analysis

All data were exported from the website for Survey-
Monkey, an online cloud-based survey development ser-
vice company (www.surveymonkey.com) and analyzed
using SPSS software version 29 (IBM Corp., Armonk,
NY, USA). Descriptive statistics were used to summa-
rize demographic variables. To determine changes in
outcome measures, group (FtF, Vir, and Con) by time
(pre-, post-, and follow-up) Repeated Measures Anal-
ysis of Variance (RMANOVA) was utilized. Prior to
conducting the RMANOVA, assumptions of sphericity,
homogeneity of variances, and independence were as-
sessed. When the assumption of sphericity was violated
(i.e., Mauchly’s test was significant), the corrections
were used based on the value of epsilon (ε) between
the Greenhouse-Geisser (ε < 0.75) and Huynh-Feldt
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Table 1
Basic one-hour SNPE program

Category Type of exercise Duration/frequency
Warm-up Myofascial release using the SNPE wave pillow. 5 min
Main exercise SNPE Movement 1: Invisible chair pose with both hands clasped behind the back. 30 s × 5–10 sets

SNPE Movement 2: Leaning back while kneeling, with SNPE belts. 1–3 min
SNPE Movement 3: Prone hip extensions, with SNPE belts. 10–30 s × 3–5 sets
SNPE Movement 4: Rolling back and forth across the whole spine, with SNPE belts. 3–5 min
SNPE C-move: While supine with a SNPE wave pillow or Danason under the neck, the head is rolled
from left to right.

5–10 min

SNPE T-move: A SNPE wave pillow is placed under the back vertically while bridging. 50–150 times
SNPE L-move: Placing the SNPE wave pillow under the posterior superior iliac spine horizontally,
using the core to repeatedly pull the knees above the hips.

50–100 times

SNPE SC-move: Placing the SNPE wave pillow under the SI joints and rock left and right. 3–5 min
Cool down Resting supine with SNPE wave pillow under natural lumbar lordosis. 5 min

Note: SNPE, self-natural posture exercise; L-move, lumbar movement; T-move, thoracic movement; C-move, cervical movement; SC-move,
sacrococcygeal movement.

(ε > 0.75) corrections. Fisher’s LSD post hoc tests were
performed if interactions or main effects were found.
The Wilcoxon signed-rank test was also used to help
provide a comprehensive and accurate analysis that best
answers our research question. The significance level
was set at α = 0.10, and differences were compared to
baseline values.

3. Results

A total of 69 participants were assessed for eligibil-
ity for this study, and 19 participants were ultimately
allocated into study groups. Of the 50 excluded, the
majority (26 participants) simply never completed the
required assessment for eligibility, and a significant
number (12 participants) refused to participate for var-
ious reasons (see Fig. 1). While 42 participants were
desired based on power analysis, the authors had to
proceed with fewer due to slow recruitment. Due to
the waitlist control study design and scheduled group
exercise sessions, rolling recruitment was impossible.
Only three participants dropped out over the course of
the intervention, including one participant who dropped
out after finishing the exercise intervention. There was
no significant difference between groups in the baseline
demographic characteristics (Table 2). There are 22 data
points (FtF = 8, Vir = 7, and Con = 7) for comparison
analysis between pre- and post-intervention measures,
and 15 data points (FtF = 8 and Vir = 7) for comparison
analysis between pre-intervention, post-intervention,
and follow-up measurements.

3.1. Feasibility

3.1.1. Retention rate and completion rate
The retention rate of participants over the course of

the entire study including follow up was 78.9% (15

of 19 participants) across both groups, and individual
group retention rates were 80% (8 of 10 participations)
in the FtF group and 77.8% (7 of 9 participations) in the
Vir group. Prior to starting the intervention, one partici-
pant in each group independently acquired a significant
health condition unrelated to the study and discontinued
participation. The rate of completion of the intervention
for the remaining participants was 88.9% (8 of 9) in the
FtF group and 100% (8 of 8) in the Vir group.

3.1.2. Attendance rate
Attendance rates were calculated only for partici-

pants who completed the entire exercise intervention.
The attendance rate of the FtF group was 88.5 ± 6.2%
(6 of 8 participants attended more than 90% of the
classes). For the Vir group, a day containing self-
reported exercise > 30 minutes was counted as a single
episode of “attendance”. The calculated attendance rate
of the Vir group was 60.1 ± 26.7% (3 of 7 of partici-
pants attended less than 50% of the expected exercise
sessions). Out of an expected 84 exercise diaries, a total
of 46 exercise diaries were actually submitted; the par-
ticipants in the Vir group were asked to submit 12 total
diaries, and the average number of diaries submitted
was 5.8 ± 0.5.

3.1.3. Reported adverse events
In the FtF group, one participant reported experienc-

ing moderate dizziness and nausea while performing
myofascial cervical massage during the last fifteen min-
utes of the initial exercise class. This incident led to the
participant’s withdrawal from the study. Additionally, in
the Vir group, at the 9th week, one participant reported
experiencing an exacerbation of back pain; however,
they were able to resume after a 5-day break. These
two reported events were considered to be related to the
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Table 2
Descriptive characteristics of study participants

Variable All participants (n = 19) Face-to-face (n = 10) Virtual (n = 9)
Demographic characteristics

Mean ± S.D. age, years 48.8 ± 2.05 45.8 ± 2.89 52.2 ± 2.30
Female, no. (%) 16 (84) 9 (90) 7 (78)
Race, no. (%)

Asian 1 (5) 1 (10) 0 (0)
Caucasian 18 (95) 9 (90) 9 (100)
Hispanic or Latino, no. (%) 1 (5) 0 (0) 0 (0)

Health Characteristics
Mean ± S.D. BMI, kg/m2 24.9 ± 0.74 25.3 ± 1.03 24.4 ± 1.15
BMI range, no. (%)

Healthy range 11 (58) 5 (50) 6 (67)
Overweight 7 (37) 5 (50) 2 (22)
Obese 1 (5) 0 (0) 1 (11)

Mean ± S.D. ODI [1], score 18.1 ± 2.18 19.2 ± 3.54 16.9 ± 2.54
Mean ± S.D. VAS [2], score 3.2 ± 0.18 3.3 ± 0.47 3.3 ± 0.51

Note. S.D. = standard deviation, no. (%) indicates frequency and percentage, BMI = Body Mass Index, kg =
kilogram, m = meters; BMI ranges classified participants as Healthy Range if their BMI was between 18.5
and 24.9, Overweight if their BMI was between 25.0 and 29.9, and Obese if their BMI was greater than 29.9;
[1] lower back pain scores used the Modified Oswestry Low Back Pain Disability Questionnaire; [2] back pain
scores used the visual analog scale range 0 to 10 – value is represented as a percentage score.

exercise intervention. We did not report them to the IRB
as they were categorized as “not unanticipated” events,
given their expected nature in the context of exercise or
massage interventions. The participants were informed
of these and other possible negative experiences prior
to initiating the interventions. The instructor noted that
a few participants mentioned feeling fatigued, experi-
encing muscle soreness, or mild nausea during and after
some of the exercise classes, but during each of those
instances participants declined to file a report when the
instructor asked if they wished to do so. No severe or
unexpected adverse events were observed at any point.

3.2. Participant-reported outcomes

An evaluation of our dataset revealed that 45.0% of
the data satisfied the requisite assumptions for conduct-
ing an RMANOVA. We observed a statistically sig-
nificant time effect between pre- and post-intervention
on ODI (F(1, 19) = 12.510, p = 0.020, partial η2 =
0.397), significant group by time interaction (F(2, 19) =
11.000, p < 0.001, partial η2 = 0.537), and no signifi-
cant group effect. The results for the SF-36 showed a
significant time effect on physical function (F(1, 19) =
4.657, p = 0.044, partial η2 = 0.197), significant group
by time interaction (F(2, 19) = 5.282, p = 0.015, partial
η2 = 0.357), and no significant group effect. As for role
limitation due to physical health problems, there was a
significant time effect on physical function (F(1, 19) =
3.468, p = 0.078, partial η2 = 0.154), significant group
by time interaction (F(2, 19) = 5.003, p = 0.018, partial
η2 = 0.345), and no significant group effect. Analysis

of the role limitation due to emotional problems re-
vealed significant time effect on physical function (F(1,
19) = 3.503, p = 0.077, partial η2 = 0.156), signifi-
cant group by time interaction (F(2, 19) = 3.754, p =
0.042, partial η2 = 0.283), and no significant between-
group effect. For social functioning, analysis demon-
strated significant time effect on physical function (F(1,
19) = 5.787, p = 0.026, partial η2 = 0.233), significant
group by time interaction (F(2, 19) = 5.350, p = 0.014,
partial η2 = 0.360), and no significant group effect.
For bodily pain, we found a significant time effect on
physical function (F(1, 19) = 7.664, p = 0.012, par-
tial η2 = 0.287), significant group by time interaction
(F(2, 19) = 3.546, p = 0.049, partial η2 = 0.272),
and no significant group effect. There was only a sig-
nificant time effect on back pain (VAS) (F(1, 19) =
6.974, p = 0.016, partial η2 = 0.268) and emotional
well-being (F(1, 19) = 7.177, p = 0.015, partial η2 =
0.274). There was a lack of statistical significance on
energy/fatigue and general health perception among the
assessed conditions. The post-hoc test did not yield sta-
tistically significant results in any dependent variable.
Our analyses did not reveal any significant difference
between FtF vs Vir at any time point.

Figure 2 summarizes the ODI, VAS, and SF-36 for
the pre-intervention, post-intervention, and follow-up
assessment time points and significant differences with
results of the Wilcoxon test.

3.3. Researcher-measured outcomes

For the purposes of statistical analysis, 37.1% of data
met assumptions for conducting RMANOVA. We ob-
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Fig. 1. Consort flow diagram. Participant flow is reported in accordance with CONSORT. ∗Post-intervention assessment for the control group, and
pre-intervention assessment for the Vir group.

served a statistically significant time effect between
pre- and post-intervention on pain of gluteus medius
on the left (F(1, 19) = 5.400, p = 0.031, partial η2 =
0.221), significant group by time interaction (F(2, 19) =
3.938, p = 0.037, partial η2 = 0.293), and no signif-
icant group effect. Figures 3 and 4 describe PPT and
MT in different muscle groups for the pre-intervention,
post-intervention, and follow-up assessment time points
along with results of the Wilcoxon test.

4. Discussion

This study examined the feasibility and efficacy of
a 12-week SNPE program for chronic low back pain
in both the FtF and Vir contexts. The results showed
improvements in ODI, VAS, and several domains of
quality-of-life measures on SF-36 as well as high rates
of program adherence with a low rate of adverse events.
These data suggest that SNPE programs for chronic low
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back pain are feasible and could potentially reduce pain
and improve quality of life.

Tracking adherence data such as retention, atten-
dance, and adverse events in a feasibility study is essen-
tial for evaluating the practicality, safety, and potential
success of the intervention as prior studies have shown
adherence to be an important connection between the
process and outcome of health interventions [28]. In
the current study, both the FtF and Vir groups had high
retention rates and attendance rates. This is qualified,
however, by noting that the data in the literature re-
garding monitoring adherence is quite variable, as dif-
ferent studies use different exercise interventions and
there is no accepted standard for monitoring this pa-
rameter [28]. The closest approximation of the current
study to our knowledge was a 2018 investigation into
the efficacy of a stretching exercise program on CLBP
done over 24 weeks, which reported a retention rate of
70% and that participants attended an average of 42%
of the classes in the program [29]. This is significantly
lower than what our data show. Participant withdrawal
did affect our adherence rate; however, only a single
patient withdrew and the reason for withdrawal was an
adverse event. Our low rate of participant withdrawal
is consistent with prior studies on chronic low back
pain [30].

After 12 weeks of training, participant-reported out-
comes data showed that both experimental groups im-
proved on several parameters, while there were essen-
tially no improvements in the control group. Our data
showed a statistically significant improvement in ODI
by 10.5% in the FtF group and 6.9% in the Vir group.
The improvement in ODI for the FtF group is notable
in that it exceeds the minimally clinically important
change (MCIC) threshold of 10% [31]. These findings
underscore the effectiveness of our intervention in im-
proving functional outcomes among individuals with
low back pain in the FtF group. The authors of the cur-
rent study believe the change in the Vir group is relevant
as well, though it is less than the MCIC. The reason for
this assertion is that our scale width was especially nar-
row, i.e. our participant’s baseline ODI were clustered
around low values (18.8 in FtF, 18.9 in Vir, and 15.1
in Con). A comparative study examining psychometric
tests for LBP including the ODI determined scale width
to be adequate if fewer than 15% of the participants
had pre-intervention values at the lower or upper end of
the scale [32]. Thus, the baseline scores in the present
study may be insufficient to allow change to be reliably
detected, and the typical MCIC threshold may not be as
relevant. The improvement seen in the Vir group may

indeed represent meaningful change, but larger studies
are needed [33].

The data also showed a statistically significant 15%
improvement in VAS scores in the FtF group, which
exceeds the minimally important difference of an abso-
lute reduction of 10% described by Dworkin et al. [34].
While VAS improved by 9% in the Vir group, the
change was not statistically significant. The authors
propose the lack of statistical significance may have
been driven in part by low baseline values and small
sample size [33,35].

Health-related quality of life, as measured by the SF-
36, improved in multiple domains in both the FtF and
Vir groups after 12 weeks of SNPE. There were statis-
tically significant improvements in the FtF group in the
domains of bodily pain (BP), physical function (PF),
role limitation due to physical (RP) / emotional health
(RE), and social functioning (SF). In the Vir group there
were statistically significant improvements in BP and
emotional well-being (EW). While many other studies
in the literature have assessed quality of life, no con-
sistent measurement has been used, making compar-
isons to other studies difficult [36,37]. A systematic
review and meta-analysis on the efficacy of Pilates in
CLBP patients, however, did report improvements in
PF, RP, BP, and general health, which aligns with our
findings [38].

Our RMANOVA testing revealed no significant dif-
ferences in the magnitude of improvements between
the FtF and Vir groups. However, upon further analysis
using non-parametric testing, areas of significant im-
provement were observed in the FtF group. The con-
trol group did not show any statistically significant im-
provements. No group showed statistically significant
worsening on participant-reported outcomes. All sta-
tistically significant improvements in ODI, VAS, and
SF-36 were found to be persistent on 12-week follow
up.

Researcher-reported outcomes, PPT and MT, were
also assessed. The authors judged PPT and MT to be
appropriate outcome measures for this study as muscle
pain sensitivity can be a cause of pain and dysfunction,
and MT reflects the intrinsic stiffness of muscles at
rest and can significantly impact overall physical com-
fort [26,39]. Measuring these parameters can provide
objective data on changes to the body after an inter-
vention, in addition to subjective data from surveys and
pain reports. We expected statistically significant im-
provements in PPT and MT after the intervention; how-
ever, these outcomes were not captured. PPT improved
in most muscles in all groups, including the control
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group. MT did not have a clear trend in any group. Pre-
vious studies demonstrated that pain and muscle ten-
sion in the cervical and lumbar regions were effectively
reduced through techniques like massage and acupres-
sure, irrespective of whether they were administered by
a practitioner or as self-directed interventions [40]. In
the present study, self-directed interventions in the form
of SNPE tools were used. It is unclear why our findings
are not consistent with prior studies. Regardless, the
PPT and MT data contribute to the body of research
on interventions for CLBP and underscore the need for
further investigation.

The present study has several strengths. We put con-
siderable effort into addressing possible bias by en-
suring complete blinding between the data collector,
the participant assessors, and the data analysts. Addi-
tional efforts to maintain scientific rigor included keep-
ing participant data secure via a robust online platform
throughout all stages of data management and opting
to monitor adverse events. The data produced supports
the primary research goal of demonstrating the feasi-
bility of SNPE as an intervention for CLBP. Bowen et
al have identified eight general areas of focus around
which they create feasibility studies in the public health
sphere, and the stated goal of publishing this frame-
work was to supplement the paucity of available guide-
lines [41]. Our study touched upon several areas: ac-
ceptability, demand, implementation, practicality, and
limited-efficacy testing.

The present study has several limitations, as well. The
most salient limitation of our study is the small sample
size. In our case, recruitment was slow, and many po-
tential participants who approached the research team
later declined communication after details of the study
were given. This is thought to be secondary to strict
eligibility criteria, concerns about COVID-19 exposure,
the requirement for dedication to nine months of inter-
vention and follow up, and the study being conducted
in a very low population density area. Excluding those
who were planning interventions for low back pain,
those with BMI > 35 and those on opioids also limited
enrollment. Additionally, the recruitment strategies em-
ployed and the single-center nature of the study influ-
ence participant demographics and may limit the extent
to which the data are generalizable. The authors do note
that despite this low sample size, statistically significant
benefits were still found after intervention.

Due to the waitlist control study design in which the
participants who were ultimately allocated to the Vir
group started the study as the Con group, it was not
possible to perform a follow-up assessment on the Con

group for any outcome measure. The waitlist control
design with in-person instruction also presents an in-
herent possibility of performance bias, as psychological
factors related to in-person versus virtual training, or the
knowledge of to which group the participant has been
assigned, could influence motivation and performance
of participants as well as scoring of subjective outcome
measures of pain or quality of life such as VAS, ODI
and SF-36. Subjective outcome measures can also vary
greatly between individuals and this can potentially im-
pact statistical analysis, especially in smaller sample
sizes.

The results of the statistical analysis of adherence
between the FtF and Vir groups bear special note, as by
necessity direct comparison was not methodologically
possible. The experience of a person participating in an
in-person or online SNPE program outside the context
of a research study may indeed be different, however;
for example, in-person participants may be more likely
to attend for long periods of time due to social rea-
sons, and those using online courses may exercise more
sporadically as their schedule allows [42]. The benefits
realized through these different modalities may differ
in some ways and our study design does not allow such
granular evaluation.

Statistical analysis was further limited by our data be-
ing non-normally distributed. Our data therefore did not
meet all assumptions necessary to use the desired sta-
tistical test repeated measures ANOVA, which can pro-
vide valuable information about the overall patterns of
change and group differences. To address this, we com-
plemented the parametric analysis with non-parametric
Wilcoxon tests. These tests are less sensitive to data
distribution and provide a robust alternative for con-
firming the patterns of change and time differences ob-
served [43]. In addition, given the relatively small sam-
ple size and the exploratory nature of our study, the
level of statistical significance was set at α = 0.1 to
minimize the risk of Type II errors. We recognize the
potential for increased Type I error due to the less strin-
gent significance level; however, we prioritize main-
taining our objective as assessing the feasibility of our
intervention [33]. By presenting both parametric and
non-parametric results and tuning the significance level
in this study, we attempt to acknowledge the limita-
tions of the dataset while still providing insights into
the effects of the interventions.

Finally, it bears mentioning that the participant de-
mographic characteristics do not approximate the US
nor global population. Participants were primarily fe-
male and Caucasian, and overall frequency of partici-
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pants with overweight or higher BMI was significantly
lower (42%) than the US average (82.3%) [44]. Future
studies would benefit from evaluating a larger and more
diverse population especially with regards to gender,
age, and geographic location as well as evaluate the
sustainability of the captured benefits.

5. Conclusion

Our data support the feasibility of SNPE exercise
programs, done in person or virtually, for CLBP. It is
unlikely these programs cause harm, and likely that
they create benefit in a number of domains. Our re-
sults should not be overinterpreted, as this study was
limited by small sample size, focused demographics,
non-normal data distribution, and methodological con-
straints on directly comparing the FtF and Vir groups.
Future studies would benefit from evaluating a larger
and more diverse population especially with regards to
gender, age, and geographic location as well as evaluate
the sustainability of the captured benefits.
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