Yadav et al. BMC Musculoskeletal Disorders (2024) 25:520 BMC Musculoskeletal

https://doi.org/10.1186/512891-024-07573-0 .
9 Disorders

Check for
updates

Spinal fusion surgery use among adults
with low back pain enrolled in a digital
musculoskeletal program: an observational
study

Sandhya Yadav', Laura S. Gold? Qasim Hassan Zaidi*, Raymond Hwang', Louie Lu' and Grace Wang*

Abstract

Objectives To compare 12-month spinal fusion surgery rates in the setting of low back pain among digital
musculoskeletal (MSK) program participants versus a comparison cohort who only received usual care.

Study Design Retrospective cohort study with propensity score matched comparison cohort using commercial
medical claims data representing over 100 million commercially insured lives.

Methods All study subjects experienced low back pain between January 2020 and December 2021. Digital MSK
participants enrolled in the digital MSK low back program between January 2020 and December 2021. Non-
participants had low back pain related physical therapy (PT) between January 2020 and December 2021. Digital MSK
participants were matched to non-participants with similar demographics, comorbidities and baseline MSK-related
medical care use. Spinal fusion surgery rates at 12 months post participation were compared.

Results Compared to non-participants, digital MSK participants had lower rates of spinal fusion surgery in the post-
period (0.7% versus 1.6%; p < 0.001). Additionally, in the augmented inverse probability weighting (AIPW) model,
digital MSK participants were found to have decreased odds of undergoing spinal fusion surgery (adjusted odds ratio:
0.64,95% CI: 0.51-0.81).

Conclusions This study provides evidence that participation in a digital MSK program is associated with a lower rate
of spinal fusion surgery.

Key messages

- There is limited research comparing spinal fusion surgery rates in digital musculoskeletal (MSK) program
participants versus those receiving usual care for low back pain.

- This study shows that participation in a digital MSK program was associated with 56% reduction in spinal fusion
surgery rates.

- These findings highlight the potential of digital MSK programs to reduce spinal fusion surgeries, offering a new
direction for reshaping clinical practice in low back pain management.
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Background

Musculoskeletal (MSK) conditions are a leading cause
of disability and cost in the United States (US) [1]. The
rates of low back pain, and other MSK disorders in
the US are among the highest in the world [1]. Rates
of spine surgery worldwide have trended upward, with
the highest incidence in the US, raising concerns about
potential overuse [2, 3]. The number of elective lum-
bar fusions for low back pain increased 276% in the US
from 2002 to 2014, resulting in economic burden on
patients, payers and society [4, 5]. Aggregate hospital
costs for elective lumbar fusion increased 177% during
these 12 years, exceeding $10 billion in 2015 [4]. Aver-
age hospital charges per stay for a spinal fusion in 2020
were $164,543 in the US [6].

While low back pain can significantly impact qual-
ity of life, a number of treatment options are available.
Physical therapy (PT) has been demonstrated to be an
effective first line treatment for patients with low back
pain [7]. PT programs can reduce low back pain and
maximize function by improving flexibility, muscular
strength, and endurance, and have been associated
with a lower likelihood of undergoing spinal fusion
surgery within one year [8]. The World Federation of
Neurosurgical Societies (WENS) Spine Committee
analyzed treatment options for patients with degenera-
tive disease of the spine without neurologic symptoms
and recommended a conservative approach based on
therapeutic exercise as the first line of treatment [9].

Increasingly, conservative care approaches are deliv-
ered digitally. Evidence suggests that digital MSK
care programs (hereafter, digital MSK program) are
as effective in improving MSK-related pain, function,
and surgery intention outcomes as traditional in-per-
son care [10-15]. Whether a digital MSK program is
associated with a lower incidence of spinal fusion sur-
gery among individuals with low back pain remains
unknown.

Objective

To address this evidence gap, this study’s primary
objective was to examine whether digital MSK pro-
gram participants with low back pain had lower rates
of spinal fusion surgery compared to non-participants
receiving usual care for low back pain in a commer-
cially insured population.

Methods

Study design and data source

This was an observational study using HIPAA-compli-
ant, de-identified medical claims data sourced from a

claims database that comprised over 100 million com-
mercially insured members across all US states and ter-
ritories. We compared spinal fusion surgery rates over
12 months among digital MSK program participants
with low back pain to a propensity score-matched
non-participant cohort (herein, nonparticipants) who
received usual care.

Study subjects
All subjects experienced low back pain between Janu-
ary 2020 and December 2021. Digital MSK partici-
pants were engaged in the digital MSK back program
between January 2020 and December 2021. Nonpar-
ticipants had at least one low back pain (ICD-10-CM
diagnosis code M54.5) related PT visit between Janu-
ary 2020 and December 2021 (hereafter, index event).
Only subjects aged 40—64 years were included due
to the higher prevalence of spinal fusions in this age
group [16]. Inclusion criteria required continuous
enrollment in a health plan for at least 12 months both
before and after commencing the digital MSK pro-
gram or experiencing their index event. All subjects
had at least one back pain-related MSK service in the
12 months before starting the digital MSK program or
index event (hereafter, 12-month baseline period).
Study subjects with a spinal fusion surgery in the
12-month baseline period were excluded. We excluded
subjects who had an orthopedic surgeon or neurosur-
geon visit in the 3 months before starting the digital
MSK program or the index event. We also excluded
subjects with cancer, pregnancy, or childbirth, or out-
lier total annual medical cost (>$500,000) during the
study period.

Exposure: digital MSK program

The digital MSK program is a product of Hinge Health
and is described elsewhere [17]. Briefly, this program
was a health benefit for employees and dependents
offered through their employers. All individuals aged
18 and over were eligible, and participation was vol-
untary. The program’s goal was to help participants
manage back pain by offering exercise therapy, educa-
tion, and virtual access to a care team including physi-
cal therapists and personal health coaches (Fig. 1).
It provided members with tablet computers with a
program app that used “playlists” to present three to
eight different stretching, strengthening, balance and
mobility exercises via animations and videos. It also
provided wearable motion sensors (InvenSense MPU-
6050, TDK Electronics, Tokyo, Japan) that gave feed-
back through the app about range of movement and
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Fig. 1 Digital MSK program description

repetitions. After exercises, members received edu-
cational resources and support from certified health
coaches.

Primary outcome: spinal fusion surgery

The primary outcome of this study was whether a
subject had a spinal fusion surgery (excluding revi-
sion surgery) in the 12 months after starting the digi-
tal MSK program or having their index event. We used
the Current Procedural Terminology (CPT)/Health-
care Common Procedure Codes (HCPCS), Diagnosis
related group (DRG), and International Classification
of Diseases, 10th Revision, Procedure Coding System
(ICD-10-PCS) codes in the medical claims to identify
spinal fusion and revision surgeries (online appendix).

Covariates
We included subjects’ demographic characteristics,
comorbidity burden and healthcare service utilization
in the 12 months before starting the digital MSK pro-
gram or having their index event as covariates.
Demographic characteristics included: age group
(40-49, 50—64 years at the time of data extraction), sex
(male, female), census division (New England, Middle
Atlantic, East North Central, West North Central,
South Atlantic, East South Central, West South Cen-
tral, Mountain, Pacific) [17], rurality (rural, urban).
Comorbidity burden included the weighted Elix-
hauser score, degenerative spinal diagnosis, and con-
current MSK conditions. We used Elixhauser coding
algorithms available for International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-
10-CM) codes [18]. Weighted Elixhauser scores were
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computed using primary ICD-10-CM diagnosis in
medical claims from January 2019 and December 2022
and further stratified into groups (<0, 0, 1-4, =2 5) [19].
In addition to low back pain, we identified concurrent
chronic MSK conditions in the knee, shoulder, hip and
neck from medical claims in the three months before
program start month or index event month (see online
appendix for codes used to define each concurrent
MSK condition). Degenerative spinal diagnosis during
the 12-month baseline period was determined using
ICD-10-CM diagnosis codes (online appendix).

To identify and categorize MSK-related health care
use during the baseline period, we used Restruc-
tured BETOS Classification System (RBCS) [20]. We
included the following variables: number of back pain
related injections at baseline (0,1-5, 6+); number of
back pain related provider visits at baseline (0,1-5,
6+); number of back pain related imaging at baseline
(0,1-5, 6+); number of back pain related PT visits at
baseline (0,1-5, 6+); and recent MSK care (0,1) defined
as back pain related injection, imaging, provider visit
or PT visit in the 3 months before index event or start-
ing the digital MSK program.

Statistical methods

To address confounding variables, we matched digital
MSK participants to similar non-participants using
propensity scores. First, we calculated a propensity
score for each subject using a logit model with the fol-
lowing covariates: demographics (i.e., age group, sex,
census division, rurality), weighted Elixhauser score
and degenerative spinal diagnosis at baseline, concur-
rent MSK conditions (i.e. knee, shoulder, hip and neck)
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in the three months before the index month, base-
line MSK-related health care use (variables described
above). Next, we matched non-participants to digi-
tal MSK participants based on calculated propensity
scores, using 1:1 nearest neighbor matching without
replacement. Covariate balance after matching was
assessed using standardized mean differences (appen-
dix, Figure S1). The final analytic sample included
3424 matched pairs.

To describe study subjects, we generated descriptive
statistics for the matched sample for baseline factors.
We applied chi-square tests for categorical variables
and t-tests for continuous variables to evaluate differ-
ences between cohorts.

As a robustness check, we employed Augmented
Inverse Propensity Weighting (AIPW) in addition to
the main analysis. AIPW is an extension of inverse
probability weighting (IPW) that can help reduce
selection bias in observational studies by adjusting for
confounding variables and accounting for unmeasured
confounding [21]. We also conducted an additional
sensitivity analysis using a multivariate logistic regres-
sion model including the set of covariates listed above.
Statistical significance was tested at two-sided P<0.05.
Model fit was assessed using the Hosmer-Lemeshow
goodness-of-fit test.

Results

Descriptive results

After matching, there were no statistically signifi-
cant differences on any of the baseline characteristics
between the digital MSK cohort and the non-partici-
pant cohort (Table 1).

Our matched population had more females than
males and more than 65% were aged 50 years or older.
Geographically, a significant concentration of subjects
resided in the East North Central, South Atlantic, and
West South Central regions. Most were urban resi-
dents. About 45% had concurrent MSK conditions in
the three months prior to the index event. More than
90% had a weighted Elixhauser score equal to 0 or less.

Study subjects used a range of health care services in
the baseline period. MSK-related provider visits were
the most frequent service among the study subjects
with over 70% having provider visits during the base-
line period. PT visits were also common, with more
than 50% of the subjects having PT visits. A small
proportion, about 15%, had injections and 47% had
imaging.

Main findings

Table 2 presents a comparison of spinal fusion utili-
zation in the 12-month post-period for digital MSK
participants and non-participants. In the post-period,

Page 4 of 8

only 0.7% of digital MSK participants underwent spi-
nal fusion surgery, while a more substantial 1.6% of the
matched non-participants opted for spinal fusion sur-
gery (Fig. 2).

Results from the AIPW model were consistent with
the main analysis. Compared to non-participants,
digital MSK participants had significantly lower odds
of spinal fusion surgery (adjusted odds ratio: 0.64,
95% CI: 0.51-0.81), suggesting that our results were
not sensitive to unmeasured confounding, (Table S1,
online appendix). These results are also supported
by the multivariable regression analysis, which also
found lower odds of spinal fusion surgery, both in
the unadjusted analysis (OR: 0.44, 95% CI: 0.27-0.71,
p=0.001) and after adjusting for demographics, MSK
comorbidity profile, and baseline healthcare utiliza-
tion (adjusted OR: 0.43, 95% CI: 0.26-0.69, p=0.001),
(Table S2, online appendix).

Discussion

This study used a large commercial claims dataset to
examine spinal fusion surgery rates among individu-
als who participated in a digital MSK program for low
back pain compared to non-participants who received
usual care. This analysis showed lower spinal fusion
rates among digital MSK participants, specifically,
56% fewer digital MSK participants underwent spinal
fusion surgery than non-participants at 12 months.
These findings add evidence that digital MSK program
is associated with lower spinal fusion surgery rates for
individuals experiencing low back pain. This aligns
with prior studies that have highlighted the efficacy of
exercise as treatment for low back pain, thereby pro-
viding a plausible explanation for the lower odds of
surgical intervention observed in this study.

These results are consistent with recent system-
atic reviews that demonstrated statistically significant
improvements in clinical outcomes when comparing
digital MSK programs to usual care or active controls
(e.g., health education) [12, 13, 22-24]. In addition, we
have previously reportedly on the significant improve-
ments in self-reported pain and function among
participants in a digital MSK program [25-28]. We
theorized that as patients experience tangible improve-
ments in pain and functional capacity through such
programs, their inclination to explore surgical options
diminish. Reasons for this may include the holistic
nature of the program, which included physical ther-
apists and health coaches to address the physical and
behavioral components of pain, and also fostered
patient confidence in the non-surgical management.

When interpreting the results of this study, its
strengths and limitations should be considered. To
our knowledge, this is the first study comparing a
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Table 1 Baseline characteristics of study subjects after matching
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Characteristics Non-participants Digital MSK participants p-value
N=3,424 N=3,424
n (%) n (%)
Demographics
Age group
40-49 1144 (33.4%) 1146 (33.5%) 0.98
50-64 2280 (66.6%) 2278 (66.5%)
Gender
Male 1614 (47.1%) 1597 (46.6%) 0.698
Female 1810 (52.9%) 1827 (53.4%)
Census region
New England 90 (2.6%) 86 (2.5%) 0.972
Middle Atlantic 165 (4.8%) 157 (4.6%)
East North Central 756 (22.1%) 784 (22.9%)
West North Central 202 (5.9%) 192 (5.6%)
South Atlantic 647 (18.9%) 8(18.0%)
East South Central 176 (5.1%) 74 (5.1%)
West South Central 577 (16.9%) 589 (17.2%)
Mountain 236 (6.9%) 250 (7.3%)
Pacific 575 (16.8%) 574 (16.8%)
Rurality
Rural 377 (11.0%) 386 (11.3%) 0.759
Urban 3047 (89.0%) 3038 (88.7%)
Musculoskeletal Comorbidity
Concurrent MSK
No 1872 (54.7%) 1902 (55.5%) 0481
Yes 1552 (45.3%) 1522 (44.5%)
Spondylosis diagnosis
No 2389 (69.8%) 2361 (69.0%) 0479
Yes 1035 (30.2%) 1063 (31.0%)
Spondylolysis diagnosis
No 3419 (99.9%) 3413 (99.7%) 0211
Yes 5(0.1%) 11 (0.3%)
Spondylolisthesis diagnosis
No 3345 (97.7%) 3329 (97.2%) 0.249
Yes 79 (2.3%) 95 (2.8%)
Radiculopathy diagnosis
No 2326 (67.9%) 2321 (67.8%) 0918
Yes 1098 (32.1%) 1103 (32.2%)
Stenosis diagnosis
No 3418 (99.8%) 3418 (99.8%) 1
Yes 6 (0.2%) 6 (0.2%)
Weighted Elixhauser Comorbidity Score
<0 882 (25.8%) 870 (25.4%) 0.862
0 2307 (67.4%) 2307 (67.4%)
1-4 207 (6.0%) 213 (6.2%)
>=5 28 (0.8%) 34 (1.0%)
Baseline MSK utilization
Recent MSK service (3 mo baseline)
No 1813 (52.9%) 1779 (52.0%) 0425
Yes 1611 (47.1%) 1645 (48.0%)
Injections (12 mo baseline)
0 2920 (85.3%) 2876 (84.0%) 0.258

1to5 454 (13.3%)

486 (14.2%)
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Characteristics Non-participants Digital MSK participants p-value
N=3,424 N=3,424
n (%) n (%)
6 or more 50 (1.5%) 62 (1.8%)
Imaging (12 mo baseline)
0 1773 (51.8%) 1801 (52.6%) 0.507
1to5 1631 (47.6%) 1597 (46.6%)
6 or more 20 (0.6%) 26 (0.8%)
Physical therapy (12 mo baseline)
0 1704 (49.8%) 1661 (48.5%) 0.58
1to5 897 (26.2%) 922 (26.9%)
6 or more 823 (24.0%) 841 (24.6%)
Provider visit (12 mo baseline)
0 917 (26.8%) 933 (27.2%) 0468
1to5 2355 (68.8%) 2320 (67.8%)
6 or more 152 (4.4%) 171 (5.0%)

Table note: *p<0.05. Baseline (3 mo) is defined as the 3 months before starting the digital program or the index event. Baseline (12 mo) is defined as the 12 months
before starting the digital program or the index event. Across all the matching covariates, there are no statistically significant differences between the matched

cohorts

Table 2 Spinal fusion surgery rates in the post-period, after matching

Non-participants

Digital MSK participants

(N=3,424)

(N=3,424)

Spinal fusion in the post-period
Yes
No

n (%, 95% Cl)
54 (1.6,1.20-2.07)
3370 (984, 97.9-98.8)

n (%, 95% Cl)
24(0.7,0.46-1.06)
3400 (99.3,98.9-99.5)

p-value
<0.001

20

Spinal Fusions by Cohort

o o

Number of spinal fusions (per 1000 subjects)
o

1 Non-participants (n=3424) [JJ] Digital MSK participants (n=3424)

Fig. 2 Spinal fusion surgery rates in the post-period, after matching. Note: Error bars indicate 95% Cl. Estimates are significant at p <0.001
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digital MSK program for spinal fusion surgery inci-
dence against a nonparticipant cohort using a uni-
versal sample of members with low back pain from a
commercial database that included over 100 million
lives. The strengths include a large sample size, and
findings are generalizable to adults with low back pain
and employer-based medical coverage. One limitation
of our study is that the retrospective observational
nature does not demonstrate causal effect of the digital
MSK program on spinal fusion surgery. The analysis is
subject to potential selection bias such as patient pref-
erence for conservative care versus surgery, patients
with worse pain and lower function may be less likely
to engage with digital health platforms than usual care.

Second, some key confounding variables were not
included in the analysis. Several factors, such as race/
ethnicity and functional status, merit consideration.
Specific race/ethnic groups may experience a dis-
proportionate impact of MSK pain. Earlier research
revealed that expected pain and functional improve-
ment were associated with decisions to have MSK sur-
gery [29-31].

Third, in order to maintain claims data de-identifi-
cation, we were not able to link member engagement
data (e.g. counts of exercise) with the medical claims
data. These estimates would be interpreted as in an
“intent-to-treat” analysis, although it would be help-
ful to test whether higher engagement was associated
with lower surgery use. Additionally, we were unable
to determine whether the digital MSK program com-
pletely prevented or simply delayed surgeries beyond
12 months of follow-up.

To address these limitations, future research could
include prospectively designed RCTs addressing cau-
sation to further delineate the efficacy of a digital MSK
program on decreasing spinal fusion surgery rates and
associated cost impact. While this study examined spi-
nal fusion surgery rates at 12 months, longer follow-
up would increase our understanding of the sustained
effects of digital MSK programs on reducing the need
for surgical interventions.

Conclusions

In conclusion, this study provides evidence support-
ing the role of digital MSK programs in managing low
back pain and its association with lower incidence of
spinal fusion surgeries. Further research will enhance
our understanding of digital health interventions in
the management of MSK conditions with the ulti-
mate goal of improving healthcare delivery and patient
outcomes.

Abbreviations
MSK Musculoskeletal
PT Physical Therapy
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AIPW Augmented inverse probability weighting
us United States

WFNS World Federation of Neurosurgical Societies
CPT Current Procedural Terminology

HCPCS  Healthcare Common Procedure Codes

DRG Diagnosis related group
PCS Procedure Coding System
RBCS Restructured BETOS Classification System
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