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Objective: The purpose of this study was to evaluate the relationship between procedures and care patterns in back
pain episodes by analyzing health insurance claims.
Methods:We performed a retrospective cohort study of insurance claims data from a single Fortune 500 company.
The 3 care patterns we analyzed were initial spinal manipulative therapy, delayed spinal manipulative therapy, and no
spinal manipulative therapy. The 3 procedures analyzed were imaging studies, injection procedures, and back surgery.
We considered “escalated care” to be any claims with diagnostic imaging, injection procedures, or back surgery.
Modified-Poisson regression modeling was used to determine relative risk of escalated care.
Results: There were 83 025 claims that were categorized into 10 372 unique patient first episodes. Spinal manipulative
therapy was present in 2943 episodes (28%). Initial spinal manipulation was present in 2519 episodes (24%), delayed
spinal manipulation was present in 424 episodes (4%), and 7429 (72%) had no evidence of spinal manipulative therapy.
The estimated relative risk, adjusted for age, sex, and risk score, for care escalation (eg, imaging, injections, or surgery)
was 0.70 (95% confidence interval 0.65-0.75, P < .001) for initial spinal manipulation and 1.22 (95% confidence
interval 1.10-1.35, P < .001) for delayed spinal manipulation with no spinal manipulation used as the reference group.
Conclusion: For claims associated with initial episodes of back pain, initial spinal manipulative therapy was
associated with an approximately 30% decrease in the risk of imaging studies, injection procedures, or back surgery
compared with no spinal manipulative therapy. The risk of imaging studies, injection procedures, or back surgery in
episodes in the delayed spinal manipulative therapy group was higher than those without spinal manipulative therapy.
(J Manipulative Physiol Ther 2021;44;683-689)

Key Indexing Terms: Spinal Manipulation; Low Back Pain; Injections; Radiology; Chiropractic; Therapeutics;
Orthopedic Surgery
TAGGEDH1INTRODUCTION TAGGEDEND

Back pain has been the leading cause of disability since
1990.1 The lifetime prevalence of this condition is esti-
mated at 60% to 70% in industrialized countries.2 In the
United States, back pain treatment costs are estimated at
er for Chiropractic Research, Palmer College of
enport, IA.
usculoskeletal Care.
author: Brian R. Anderson, DC, MPH, MS,
treet, Davenport, IA 52803.
derson@palmer.edu).
ted June 22, 2021; in revised form March 9,
arch 10, 2022.

tional University of Health Sciences.
/10.1016/j.jmpt.2022.03.010
$8000 per person per year, totaling approximately $87 bil-
lion per year, or 2.5% of the gross domestic product.3

Approximately 18% of Americans report visiting a
healthcare practitioner in the previous 12 months for a back
pain related complaint, with general practitioners and chiro-
practors accounting for the greatest number of visits.4 The
American College of Physicians treatment guidelines for the
management of acute, subacute and chronic back pain advo-
cate for nonpharmaceutical treatments first.5 However, the
use of opioid medications, injection procedures, and surger-
ies for back pain have increased exponentially since 2000.6-9

A recent study10 found that primary care referrals for non-
pharmaceutical care were relatively common for chronic
back pain, but nonexistent for acute back pain, suggesting
that recommended treatments are being underutilized. It has
been suggested that escalating costs may be associated with
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overuse of low-value care (eg, imaging, injections, and back
surgery) and underuse of high-value care.2

Given the extreme and growing costs associated the man-
agement of back pain, treatment strategies that avoid care
escalation are increasingly relevant. Using imaging as an
example, it has been estimated in the United States that 60%
of lumbar MRI studies and 40% of lumbar radiography stud-
ies are inappropriate, which represents nearly $1 billion that
could be saved.11 Lower rates of low back surgery and
advanced imaging procedures have been associated with chi-
ropractic users as compared with other provider types.12

Therefore, the primary aim of this project was to evalu-
ate the relationship between patients receiving imaging
studies, injection procedures, and back surgery (ie, care
escalation) and 3 distinct care patterns in back pain epi-
sodes by analyzing health insurance claims from a large
Fortune 500 company. It was hypothesized that episodes
initiated with spinal manipulative therapy (SMT) as a treat-
ment would have a lower risk of care escalation when com-
pared with delayed SMT or no SMT.
TAGGEDH1METHODOLOGY TAGGEDEND

We conducted a retrospective study of a deidentified
health insurance claims dataset spanning the years 2012 to
2018 from a single, self-insured, Fortune 500 company.
The Institutional Review Board of Northern Illinois Uni-
versity determined this project was exempt from review
according to federal guidelines.

Our cohort included only claims with complete data, age
≥18, and the presence of a specific primary diagnosis code
related to back pain (Supplemental File). Our unit of analy-
sis was an episode of back pain, defined by a 90-day claim-
free window after the index visit. Only claims associated
with the first episode of back pain were included. Depend-
ing on duration, these episodes may include acute, sub-
acute, or chronic classifications.

Following the inclusion of claims related to back pain,
we identified SMT via the presence of current procedural
terminology (CPT) codes 98940-98942. The 3 treatment
groups were generated as follows: Initial SMT included an
episode with SMT present as the initial treatment; Delayed
SMT included an episode where SMT was provided subse-
quent to some other care; No SMT included an episode
without evidence of SMT. All SMT was provided in outpa-
tient, community-based clinics. We then identified back
pain episodes with CPT codes for imaging studies, injec-
tion procedures, and back surgery (Supplemental File).

Additional variables included age, sex, claim count,
allowed cost, diagnosis category, and retrospective risk
score. The risk score is derived from a proprietary tool
applied to the dataset by a third-party administrator known
as Symmetry Episode Risk Groups.13 Scores (0-100) in the
year before (retrospective risk) the claim are calculated
based on characteristics such as demographics, medical
claims, and pharmacy claims. The resulting score is used to
predict expected health care costs and use of health care
services.13 We used age at first claim and mean risk score
over the entire episode, because risk score has the potential
to change with each additional claim. Claim count included
the number of dates with a claim during episode one.
Allowed cost included the amount allowed by the insurer
during episode one, which was log-transformed to account
for skewed data. The supplemental file includes additional
detail on our methodology following the Strengthening the
Reporting of Observational studies in Epidemiology and
Reporting of Studies Conducted using Observational Rou-
tinely collected Data (STROBE/RECORD) guidelines.14,15
Data Analysis
Data were cleaned and organized via R,16 Microsoft SQL

server, and Microsoft Excel. We used SPSS (v26, IBM
Corp, Armonk, NY) to conduct data analysis. Descriptive
statistics were calculated for each care group based on pres-
ence or absence of care escalation, along with care group by
individual procedures (ie, imaging studies, injection proce-
dures, and back surgery). We estimated relative risk of all
procedures combined (ie, care escalation), along with rela-
tive risk of each individual procedures for each care group
with a modified Poisson regression model17 fit through gen-
eralized estimating equations using an unstructured covari-
ance matrix, adjusting for sex, age, claim count, and risk
score. Allowed cost was not included in our model, as cost
and presence of the 3 procedures are strongly correlated. A
subgroup analysis was performed evaluating the interaction
of sex with treatment group, which was an exploratory anal-
ysis, as we did not have an a priori hypothesis regarding the
directionality of this interaction.
TAGGEDH1RESULTS TAGGEDEND

The initial dataset consisted of 771797 claims, spanning the
years 2012 to 2018. After eliminating claims with missing data,
those associated with individuals<18 years of age, and anatom-
ically unrelated diagnoses, 83025 claims were categorized into
10372 unique back pain initial episodes (Fig 1). SMT CPT
codes were present in 2943 episodes (28%), whereas 7468
(72%) had no evidence of SMT codes. The overall rate of care
escalation in our cohort was 36% (n = 3782), with imaging
being the most common procedure (83%) and surgery being
the least common (13%) (Fig 2). Risk score was lowest among
the initial SMT cohort absent care escalation and highest in the
no SMT cohort with care escalation present. Allowed reim-
bursement was highest in the delayed SMT, care escalation
present cohort. Men were more likely in the initial SMT cohort
regardless of escalation status (Table 1).

Adjusted relative risk of care escalation overall, along
with escalation to each procedure level, was significantly



Fig 1. Flow diagram of study inclusion.

Fig 2. Escalation procedure counts among treatment groups.
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lower in the initial SMT group as compared with the
delayed SMT and no SMT groups (Table 2). This relative
risk (RR) ranged from 0.17 (95% confidence interval [CI]
0.13-0.22, P < .001) for injection procedures to 0.86 (CI
0.80-0.93, P < .001) for imaging studies. Conversely,
adjusted RR of escalated care overall, along with escalation
to each procedure level was significantly higher in the
delayed SMT group as compared with initial SMT and no
SMT groups. Initial SMT was associated with a 30% reduc-
tion in risk of care escalation (RR 0.70 [CI 0.65-0.75],
P <.001), and delayed SMT was associated with a 22%
increase in risk of care escalation (RR 1.22 [CI 1.10-1.35],
P < .001).

Because sex was not a significant contributor in the
model described earlier, the interaction between sex and
SMT group was evaluated for its association with care
escalation. The female Initial SMT and female Delayed
SMT cohorts were less likely to experience care escala-
tion, as well as individual procedures (imaging, injec-
tion, and surgery), when compared with the men in
these cohorts (using male No SMT cohort as a refer-
ence; Table 3).
TAGGEDH1DISCUSSION TAGGEDEND

Our results indicate that treatment initiated with SMT
for episodes of back pain resulted in a significant decrease
in the risk of having imaging studies, injection procedures,
or back surgery as compared with care patterns with
delayed SMT or no SMT. Conversely, the delayed SMT
group was associated with a significant increased risk of
imaging studies, injection procedures, or back surgery
when compared with the other 2 groups. The interaction
between sex and SMT group was a significant contributor
to the risk of care escalation.

Although several studies have evaluated the relation-
ship between provider type and future healthcare use
for episodes of back pain, only a single study evaluated
this relationship among chiropractic users. Fritz et al12

found that initiating back pain care with a chiropractor
(vs primary care) decreased the odds for future
advanced imaging (odds ratio [OR] = 0.21, P = .001)
and surgeon visits (OR = 0.13, P = .005), but increased
care duration. Although they did not investigate the use
of chiropractic services per se, Nelson et al18 measured
the effects of insurance plans including vs excluding
chiropractic coverage on use of advanced imaging, sur-
gery, and plain-film radiographs in the management of
neck and low back pain. The group including (vs
excluding) chiropractic benefits had a statistically signif-
icant decrease in use of surgery (−23%), advanced
imaging (−23%), and plain film radiography (−8%).

We found the risk of escalated care was highest in the
delayed SMT group. As indicated by a higher median risk



Table 2. Relative Risk of Imaging Studies, Injection Procedures, or Back Surgery Individually and as a Group (Care Escalation)

Imaging RR (95% CI) Injection RR (95% CI) Surgery RR (95% CI) Care Escalation RR (95% CI)

Initial SMT 0.86 (0.80-0.93) 0.17 (0.13-0.22) 0.30 (0.21-0.41) 0.70 (0.65-0.75)

Delayed SMT 1.27 (1.13-1.44) 1.63 (1.37-1.93) 1.72 (1.26-2.35) 1.22 (1.10-1.35)

No SMT (referent) 1.0 1.0 1.0 1.0

Female 0.95 (0.90-1.005) 0.96 (0.87-1.06) 0.89 (0.75-1.06) 0.97 (0.93-1.03)

Male (referent) 1.0 1.0 1.0 1.0

Age (continuous) 1.004 (1.001-1.006) 1.01 (1.006-1.014) 1.02 (1.01-1.03) 1.004 (1.002-1.006)

R.Risk score (continuous) 1.04 (1.03-1.05) 1.03 (1.02-1.05) 1.05 (1.03-1.06) 1.03 (1.02-1.04)

Claim count (continuous) 1.002 (1.001-1.003) 1.002 (1.001-1.003) 1.002 (1.002-1.003) 1.002 (1.001-1.003)

All variables are included as covariates in each model. Bolded results indicate P value <.05.
CI, confidence interval; RR, relative risk; R.Risk, retrospective risk; SMT, spinal manipulative therapy.

Table 3. Interaction of Sex with SMT Treatment Pattern on Imaging Studies, Injection Procedures, or Back Surgery Individually and as
a Group (Care Escalation)

Imaging RR (95% CI) Injection RR (95% CI) Surgery RR (95% CI) Care escalation RR (95% CI)

Initial SMT* Female 0.78 (0.69-0.87) 0.15 (0.11-0.22) 0.15 (0.08-0.29) 0.63 (0.56-0.70)

Initial SMT* Male 0.93 (0.84-1.02) 0.18 (0.13-0.25) 0.43 (0.29-0.63) 0.76 (0.69-0.84)

Delayed SMT* Female 1.19 (0.99-1.41) 1.60 (1.26-2.03) 1.41 (0.88-2.26) 1.20 (1.04-1.39)

Delayed SMT* Male 1.35 (1.14-1.59) 1.58 (1.24-2.03) 2.03 (1.35-3.06) 1.26 (1.09-1.45)

No SMT* Female 0.99 (0.92-1.06) 0.96 (0.86-1.07) 0.98 (0.81-1.18) 1.01 (0.96-1.07)

No SMT* Male (referent) 1.0 1.0 1.0 1.0

Models are adjusted for age, risk, and claim count. Bolded results indicate P value <.05.
CI, confidence interval; RR, relative risk; SMT, spinal manipulative therapy.
* Indicates interaction between SMT treatment pattern and sex.
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score, this group is more medically complex, which may
lead to increased care seeking behavior. Our finding of
lower risk score in the initial SMT group is consistent with
other literature documenting fewer comorbid conditions,
more moderate disability, and better overall self-rated phys-
ical and mental health in patients seeking chiropractic vs
medical care.19-23

The prevalence of chiropractic use in back pain popu-
lations ranges from 14% to 39%,24-27 which is consistent
with the 28% prevalence reported here. Our population
had a slightly higher use of injection procedures and sur-
gery than others have reported.24,26 Regarding allowed
log-transformed cost, a similar pattern was seen in both
escalated and nonescalated episodes; initial SMT was
slightly higher than no SMT with the latter showing a
larger range. Other authors28,29 have found a reduction
in cost of back pain care initiated with a chiropractor vs
medical doctor.

Except for the delayed SMT−injection interaction,
women with any exposure to SMT were less likely to expe-
rience imaging studies, injection procedures, or back sur-
gery procedures when compared with men. We are likely
the first to report such an association. Others have reported
no significant difference in sex-specific responses to spinal
manipulation for low back pain.30,31

Our findings suggest that the delayed SMT group was at
increased risk for imaging studies, injection procedures, or
back surgery, increased claim count, and allowed reim-
bursement. We suggest that patients at high risk for poor
prognosis should be identified as early as possible; assess-
ment tools such as STarT Back have been successful in this
regard.32
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Limitations
Our dataset did not include a provider identifier; there-

fore, we cannot be certain of the type of provider associated
with each service (eg, chiropractor, osteopath, and physical
therapist). It has been established in a Medicare population
that chiropractors administer 97% to 98% of all SMT serv-
ices in the United States.33 There is a high likelihood this
finding would translate to other patient populations. With-
out additional clinical information, the distinction between
high vs low value care cannot be determined. There are
inherent limitations when analyzing administrative data,
including unknown accuracy of billing codes, risk of
unmeasured confounding variables, inclusion/exclusion
errors, and the influence of health insurance coverage on
the use of certain services.34
TAGGEDH1CONCLUSIONS TAGGEDEND

The hypothesis that initial SMT (vs delayed SMT or
no SMT) for episodes of back pain would result in
decreased risk of imaging studies, injection procedures,
or back surgery was confirmed. This risk reduction
remained after adjusting for age, sex, risk score, and
episode count. The availability of additional clinical
variables would help confirm the necessity of escalated
care at the individual level.
TAGGEDH1SUPPLEMENTARY MATERIALS TAGGEDEND

Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.jmpt.
2022.03.010.
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for this study.
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Practical Applications
� We performed a retrospective cohort study of
insurance claims data from a single Fortune-
500 company.

� The 3 care patterns we analyzed were: initial
spinal manipulative therapy, delayed spinal
manipulative therapy, and no spinal manipu-
lative therapy, and the 3 procedures analyzed
were imaging studies, injection procedures,
and back surgery.

� For claims associated with initial episodes of
back pain, initial spinal manipulative therapy
was associated with an approximately 30%
decrease in the risk of imaging studies, injec-
tion procedures, or back surgery compared to
no spinal manipulative therapy.

� The risk of imaging studies, injection proce-
dures, or back surgery in episodes in the
delayed spinal manipulative therapy group
was higher than those without spinal manipu-
lative therapy.
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