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Abstract

Background The cost of spine-related pain in the United States is estimated at $134.5 billion. Spinal pain patients
have multiple options when choosing healthcare providers, resulting in variable costs. Escalation of costs occurs
when downstream costs are added to episode costs of care. The purpose of this review was to compare costs of chi-
ropractic and medical management of patients with spine-related pain.

Methods A Medline search was conducted from inception through October 31, 2022, for cost data on U.S. adults
treated for spine-related pain. The search included economic studies, randomized controlled trials and observational
studies. All studies were independently evaluated for quality and risk of bias by 3 investigators and data extraction
was performed by 3 investigators.

Results The literature search found 2256 citations, of which 93 full-text articles were screened for eligibility. Forty-four
studies were included in the review, including 26 cohort studies, 17 cost studies and 1 randomized controlled trial.
Allincluded studies were rated as high or acceptable quality. Spinal pain patients who consulted chiropractors as first
providers needed fewer opioid prescriptions, surgeries, hospitalizations, emergency department visits, specialist refer-
rals and injection procedures.

Conclusion Patients with spine-related musculoskeletal pain who consulted a chiropractor as their initial provider
incurred substantially decreased downstream healthcare services and associated costs, resulting in lower overall
healthcare costs compared with medical management. The included studies were limited to mostly retrospective
cohorts of large databases. Given the consistency of outcomes reported, further investigation with higher-level
designs is warranted.
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Introduction

Spine-related musculoskeletal pain is the leading cause
of disability worldwide and one of the most common
reasons for missed work [1]. In the United States (U.S.),
healthcare costs for low back and neck pain are rising
and as of 2016 were the highest for any condition, with
an estimated $134.5 billion for care related to spinal
pain [2].

There are many options for treatment of acute or
chronic spine-related pain. These range from conserva-
tive therapies, such as manual or behavioral therapies,
to medications, injection procedures and surgery [3,
4]. Approaches to management of spine-related mus-
culoskeletal pain differ by type of provider, such as chi-
ropractors, physical therapists, primary care medical
physicians and medical specialists such as orthopedists
and neurologists [5]. In the U.S., chiropractic care is one
of the most commonly utilized approaches to treatment
of spine-related musculoskeletal pain [6]. Chiropractic
care guidelines are concordant with the American Col-
lege of Physicians’ recommendations for initial manage-
ment of low back pain (LBP) using non-pharmaceutical
treatment [7, 8].

In the midst of rising healthcare costs, it is impor-
tant to examine not only clinical outcomes but also the
cost of intervention strategies for spine-related pain.
Although most cases of spine-related musculoskel-
etal pain can be effectively managed with conservative
guideline-concordant non-pharmacological and non-
invasive approaches, frequently a patient’s course of care
is unnecessarily escalated by use of more invasive, haz-
ardous, and/or costly procedures [9]. The escalation of
care for spine-related musculoskeletal pain may include
emergency department visits, medical specialist visits,
diagnostic imaging, hospitalization, surgery, interven-
tional pain medicine techniques, prescription of drugs
with high risk for addiction or abuse, and encounters for
complications of spine care (e.g., adverse drug events)
[9]. The escalation of spine-related musculoskeletal pain
management is closely associated with increased down-
stream costs.

Gold et al. defined “downstream” costs as those
that “may have changed, intentionally or unintention-
ally, as a result of the implementation strategy and
intervention”’[10]P® Downstream costs may include those
associated with healthcare utilization, patient and car-
egiver costs, productivity costs and costs to other sectors.
For spine-related musculoskeletal pain, most often LBP,
an emerging body of evidence suggests that downstream
costs are significantly affected by the specialty of the
initiating care provider [5]. Such costs typically include
diagnostic tests, particularly advanced imaging [11], sur-
gery, specialist care and medication use [12].
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The opioid epidemic. For patients with spine-related
musculoskeletal disorders, among the most important
escalations of care associated with downstream human
and societal costs that are receiving recent attention are
opioid use, abuse and overdose. In 2017, the U.S. govern-
ment declared the opioid epidemic to be a Public Health
Emergency [13]. This epidemic is still on the rise, with
drug overdose deaths increased by 31% in a single year,
2019-2020 [14].

It is not certain which combination of provider and/or
therapy offers the most cost-effective approach to man-
aging spine-related musculoskeletal pain. A 2015 system-
atic review compared the costs of chiropractic care to
those of other types of health care [15]. The costs were
generally lower when musculoskeletal spine care was
managed by chiropractors, though the included studies
contained methodological limitations [15]. The purpose
of this review was to update, summarize, and evaluate
the evidence for the cost of chiropractic care compared
to conventional medical care for management of spine-
related musculoskeletal pain [15].

Methods
Our team followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
protocol to conduct the review and registered it with
PROSPERO in December 2022 prior to data abstraction
(CRD42022383145). We elected a priori not to pursue
meta-analysis due to heterogeneity of the included stud-
ies. Most of the included studies are cohort studies which
by their nature can only show associations, cannot prove
causation, and are of a lower level of evidence than RCTs,
which are the study design usually included in meta-anal-
yses. We conducted the searches and quality assessments
from July through December 2022 and data abstraction
from January through March 2023. The primary aim of
our systematic review was to address the research ques-
tion: Is chiropractic management of spine-related muscu-
loskeletal pain in U.S. adults associated with lower overall
healthcare costs as compared to medical care?

To answer the research question, we formulated PICO
elements (Population, Intervention, Comparison, Out-
come) as follows:

P: US. adults with spine-related musculoskeletal
pain

I: Chiropractic management

C: Medical care

O: Healthcare costs and use of procedures estimated
to increase downstream costs involved in escalation
of care

Costs in a controlled setting are not often comparable
to usual and customary costs in a clinical setting [16].
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Therefore, in addition to randomized controlled trials, we
also included economic and cohort studies that collected
data specifically on cost, whether or not treatment out-
comes were considered.

Eligibility criteria
Inclusion criteria

+ Published in peer-reviewed journal and available in
Medline from inception through 10/31/2022

+ English language

+ Study population comprised of US adults treated for
spine-related musculoskeletal pain

+ Compared chiropractic management to medical care

« Cost data for treatment of spine-related musculoskel-
etal pain were provided

+ Designs were randomized controlled trial, cohort
study or economic evaluation.

Exclusion criteria

« Reviews, commentaries, abstracts from conference
proceedings, theses, cross-sectional descriptive sur-
veys and gray literature.

« Systematic reviews were not used as part of quality
assessment or data abstraction. They were retrieved
only to identify eligible studies which were not found
in the literature search.

+ Studies with clinical effectiveness outcomes only and
no inclusion of cost or utilization data

Literature search

We developed a search strategy based on the PICO
terms, with a health sciences librarian working with the
other investigators. We made several “trial runs” to refine
the strategy to be sure it was as inclusive as possible while
screening out obviously non-relevant citations. Our
search was conducted exclusively in Medline, as relevant
high-quality articles were more likely to be found in jour-
nals indexed there. We developed a search strategy with
keyword clusters based on our PICO. Most publications
about spine-related pain study adults (our P) and “adult”
was not helpful as a limiter. Intervention (I) cluster terms
were selected from a previously published search string
of complementary and alternative medicine terms [17].
The Outcome (O) cluster started with terms used in a
prior cost-effectiveness study [18], with the subsequent
addition of indexing terms found during early search trial
runs. The MeSH heading Cost-Effectiveness Analysis was
not yet available at the time of our search. The complete
search strategy is shown in Additional File 1.
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Retrieved citations were downloaded into an End-
Note library (v. 20). Using Rayyan https://rayyan.ai/,
[19] online systematic review software, at least two
investigators screened titles and abstracts for eligibility
and resolved disagreements by discussion. At least two
investigators checked the references included in all rel-
evant systematic reviews found in the literature search
and added any eligible citations not identified in our lit-
erature search to the library. At least two investigators
did full-text screening of the titles remaining after title/
abstract screening was completed, and disagreements
were again resolved by discussion. All authors contrib-
uted during the process in review of eligible citations.

Evaluation of risk of bias

We evaluated randomized controlled trials (RCTs)
using a checklist modeled after those of the Scottish
Intercollegiate Guideline Network (SIGN) [20], which
we have used elsewhere [3]. An article was rated as
“high quality, low risk of bias,” “acceptable quality,
moderate risk of bias,” “low quality, high risk of bias,” or
“unacceptable” quality. For studies analyzing treatment
costs (e.g., economic studies), we developed a checklist
with similar format to those of SIGN checklists [20].

For cohort studies, it was difficult to identify a single
appropriate checklist because most seemed designed to
be more appropriate to assess prospective cohort stud-
ies, and the most recent relevant studies related to our
topic are retrospective cohort studies using large data-
sets. We therefore developed a checklist for prospective
cohort studies after reviewing other existing checklists
[20]. For retrospective or cross-sectional cohort stud-
ies, we developed a checklist combining some features
of the SIGN checklist for cohort studies [20] and the
NIH tool for observational cohort and cross-sectional
studies [21]. These checklists included items assessing
comparability of the included cohort groups, as part
of the risk of bias assessment. Three investigators (RF,
CH and JW), one of whom is an author of a number of
cohort studies, piloted and then refined this form with
a sample of studies.

Two or more investigators rated each article. Disagree-
ments were resolved by including additional reviewers
and discussing differences in ratings until they reached
agreement.

Because of the large number of cohort studies, which
are considered to have an inherent risk of bias due to
their design, we only included studies which the inves-
tigators agreed were at minimum “acceptable quality,
moderate risk of bias” using the SIGN quality criteria. We
excluded any studies that the investigators found to be
“low quality, high risk of bias” or “unacceptable quality”
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Data extraction

Because it has been found that data extraction errors
are frequent in systematic reviews, we followed the rec-
ommendations on data extraction in a review of data
extraction guidelines and methods [22]. Before start-
ing the process, we listed all the items we thought were
necessary for answering our research question. Then
we drafted a data extraction form with these items and
two investigators (RF and CH) piloted it on a sample of
studies. We then provided brief, online training on use
of the forms with the 3 investigators who did the data
extraction (RF, CH, DT). This included instructions
on how disagreements would be resolved, which was
to recheck the source paper and provide it to the other
reviewer(s). Two investigators (RF and CH) did inde-
pendent parallel extraction for all studies, and DT then
reviewed the drafted tables; thus the data extraction was
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triple-checked. We did not attempt to subcategorize
patient populations from the included studies.

Results

We concluded the search in November 2022 and
retrieved 2247 citations. Figure 1 shows the PRISMA
flow chart, showing reasons for exclusions. Nine articles
were identified by reference tracking and expert consul-
tation to make the total number of articles for screening
2256. Title and abstract screening of these resulted in
93 articles for full-text screening, with 49 excluded (see
Additional File 2 for citations) and 44 remaining for qual-
ity assessment and data extraction. Please refer to Table 5
for a summary of findings including a quick-view color
coded identification format related to each accepted
paper. For ease of viewing, we divided the papers using

Identification of studies

Records identified from
search
(n =2247)

[=
(o]
=
«
(3]
E
-
[=
a
=z

Records identified from
reference tracking and expert
consultation
(n=9)

Titles/abstracts :
screened (population,
(n = 2256) intervention,

Excluded (n=2163)
e Non-relevant

comparison, costs

not considered)
(2115)
o Systematic reviews (23)
e Non-US studies (25)

Full text screened
(n=93) > Excluded (n= 49)*

¢ No direct comparison of

chiropractic and
medical care (40)

Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of literature search. *Excluded studies are listed

in Supplementary materials

A4

Studies included in
qualitative synthesis
(n=44)

¢ Non-relevant
methodology (e.g.,
descriptive study) (4)

¢ No cost data or not
directly calculated (3)

e Non-relevant population

)
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two headings: (1) types of costs and (2) factors affecting
costs.

Final inclusions and quality assessment

Table 1 lists the study design and quality rating for the
44 included studies. All were rated high or acceptable
quality (see Additional File 3 for details for the quality
assessment) [20]. There were 4 prospective cohort stud-
ies [23-26], 22 retrospective or cross-sectional cohort
studies [9, 12, 27-46], 17 cost studies [5, 47—62] and one
randomized controlled trial [63], although 2 of the cost
studies used data from RCTs.

Data extraction and summary

Because of the large number of studies, we separated the
data extraction into two tables, using 2017, the year the
U.S. declared the opioid epidemic [13], as the dividing
line. Table 2 displays data extracted from each included
study published between 2018 and 2022. Table 3 dis-
plays data extracted from each included study published
between 1991 and 2017.

There were 17 included articles published in the 5 years
from 2018 to 2022 (approximately 3 articles per year).
There were 27 included articles published in the 26 years
from 1991 to 2017 (approximately 1 article per year).
From 2018 to 2022, most [15] were retrospective/cross-
sectional cohort studies, with 1 prospective cohort study
and 1 economic/cost study. From 1991 to 2017, most [16]
were economic/cost studies, with 7 retrospective/cross-
sectional cohort studies, 3 prospective cohort studies and
1 randomized controlled trial.

Summary of cost factors

Table 4 summarizes the findings of all included studies,
by year of publication. Below we have grouped these by
type of cost and factors affecting cost. Table 5 depicts
chiropractic services versus comparisons in terms of
higher, lower or no difference in association for each
of the identified types of costs and downstream utiliza-
tion of factors affecting costs. All of the included studies
newer than 2009 demonstrated associations that favored
chiropractic services in regard to lower costs and lower
utilization of services.

Type of costs

o Total costs Ten studies found that Doctor of Chiro-
practic (DC) care had lower overall costs [5, 12, 38,
41, 42, 51, 52, 55, 58, 62]. No studies found that DC
care had higher overall costs.

+ Costs per episode of care Six studies found that DC
care had lower costs per episode [35, 38, 41, 49, 59,
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62], and two found that it had higher cost per episode
[23, 56].

o Insurance/compensation costs Four studies found DC
care had lower insurance and compensation payment
costs [49, 53, 55, 57]. No studies found higher costs.

o Long-term healthcare costs Two studies found lower
long-term healthcare costs associated with DC care
[36, 42]. No studies found higher costs.

+ Office visit costs One study found reduced costs for
DC office visits [12]; four studies found that DC care
had higher costs for office visits [47-49, 61]. Two of
these studies noted that chiropractic office costs were
higher only when referral costs were not included in
the calculation. When referral costs were included,
chiropractic office visit costs did not differ signifi-
cantly from medical care costs [48, 61].

Factors affecting costs

+ Diagnostic imaging Fifteen studies found that diag-
nostic imaging, particularly advanced imaging like
MRI, was used less with DC care; six studies were
published 2018-2022 [5, 9, 27-29, 31] and nine stud-
ies from 1991 to 2017 [25, 32, 33, 47, 51-54, 61].

« Opioids Eleven studies found that fewer opioid pre-
scriptions were dispensed or filled with DC care. Ten
of these were published 2018-2022 [5, 12, 29, 36, 37,
39, 43-46], and only one between 1991 and 2017
[40].

+ Surgery Eight studies found fewer surgeries with DC
care; four published 2018-2022 [27-30] and 4 pub-
lished 1991-2017 [26, 51, 54, 61].

 Hospitalization Seven studies found fewer hospi-
talizations with DC care; two studies were published
from 2018 through 2022 [9, 29] and five from 1991
through 2017 [51, 54, 55, 59, 60].

« DC as Ist provider Six studies analyzed cost factors
related to having a DC as the 1.* care provider. Gen-
erally, this was associated with lower downstream
costs. Four studies were published 2018-2022 [5, 27,
36, 37] and two published from 1991 through 2017
[26, 38].

« Injection procedures Five studies found decreased use
of injection procedures with DC care; all were pub-
lished from 2018 through 2022 [9, 27-29, 36].

o Specialist visits (including surgeon referral visits) Five
studies found fewer referrals for specialist visits with
DC care; three were published from 2018 through
2022 [9, 29, 31] and two published 1991-2017 [32,
33]. Three studies in the 1991-2017 group stated that
their analyses had excluded all referral costs [47, 48,
61].



Farabaugh et al. Chiropractic & Manual Therapies (2024) 32:8 Page 6 of 26

Table 1 Included studies, by study design and first author

References  Title Year Rating*

Prospective cohort studies

Carey [23] The outcomes and costs of care for acute low back pain among patients seen by primary care practitioners, chiroprac- 1995 A
tors, and orthopedic surgeons

Elder [24] Comparative effectiveness of usual care with or without chiropractic care in patients with recurrent musculoskeletal 2018 A
back and neck Pain

Graves [25] Factors associated with early magnetic resonance imaging utilization for acute occupational low back pain: a popula- 2012 A
tion-based study from Washington State workers' compensation

Keeney [26] Early predictors of lumbar spine surgery after occupational back injury: results from a prospective study of workers 2013 A
in Washington State

Cohort studies (retrospective/cross-sectional)

Anderson [27] Three patterns of spinal manipulative therapy for back pain and their association with imaging, injection procedures, 2021 A
and surgery: a cohort study of insurance claims

Anderson [28] Risk of treatment escalation in recipients vs nonrecipients of spinal manipulation for musculoskeletal cervical spine 2021 H
disorders: analysis of insurance claims

Bezdjian [29]  Efficiency of primary spine care as compared to conventional primary care: a retrospective observational study 2022 H
at an Academic Medical Center

Davis [30] The effect of reduced access to chiropractic care on medical service use for spine conditions among older adults 2021 H

Davis [31] Access to chiropractic care and the cost of spine conditions among older adults 2019 H

Fritz [32] Importance of the type of provider seen to begin health care for a new episode low back pain: associations with future 2016 H

utilization costs
Hong [33] Clinician-level predictors for ordering low-value imaging 2017 H

Hurwitz [34]  Variations in patterns of utilization and charges for neck pain in North Carolina, 2000 to 2009: a statewide claims'data 2016 H
analysis

Hurwitz [35]  Variations in patterns of utilization and charges for the care of low back pain in North Carolina, 2000 to 2009: a state- 2016 H
wide claims’data analysis

Jin [36] Healthcare resource utilization in management of opioid-naive patients with newly diagnosed neck pain 2022 H

Kazis [37] Observational retrospective study of the association of initial healthcare provider for new-onset low back pain 2019 H
with early and long-term opioid use

Liliedah! [38]  Cost of care for common back pain conditions initiated with chiropractic doctor vs medical doctor/doctor of osteopa- 2010 H
thy as first physician: experience of one Tennessee-based general health insurer

Louis [39] Association of initial provider type on opioid fills for individuals with neck pain 2020 H

Rhon [12] The influence of a guideline-concordant stepped care approach on downstream healthcare utilization in pts 2019 H
with spine and shoulder pain

Weeks [40] Cross-sectional analysis of per capita supply of doctors of chiropractic and opioid use in younger Medicare beneficiar- 2016 H
ies

Weeks [41] The association between use of chiropractic care and costs of care among older Medicare patients with chronic low 2016 H

back pain and multiple comorbidities

Whedon [9] Initial choice of spinal manipulation reduces escalation of care for chronic low back pain among older Medicare 2022 H
beneficiaries

Whedon [42]  Long-Term Medicare Costs Associated With Opioid Analgesic Therapy vs Spinal Manipulative Therapy for Chronic Low 2021 H
Back Pain in a Cohort of Older Adults

Whedon [43]  Initial choice of spinal manipulative therapy for treatment of chronic low back pain leads to reduced long-term risk 2021 H
of adverse drug events among older Medicare beneficiaries

Whedon [44]  Association between utilization of chiropractic services for treatment of low back pain and use of prescription opioids 2018 H
Whedon [45]  Impact of chiropractic care on use of prescription opioids in patients with spinal pain 2020 H

Whedon [40]  Association between chiropractic care and use of prescription opioids among older Medicare beneficiaries with spinal 2022 H
pain: a retrospective observational study

Cost studies
Grieves [47]  Cost minimization analysis of low back pain claims data for chiropractic vs medicine in a managed care organization ~ 2009 A
Haas [48] Cost-effectiveness of medical and chiropractic care for acute and chronic low back pain 2005 H

Harwood [5] ~ Where to start? A two-stage residual inclusion approach to estimating influence of the initial provider on healthcare 2022 H
utilization and costs for low back pain in the US

Jarvis [49] Cost per case comparison of back injury claims of chiropractic versus medical management for conditions with identi- 1991 A
cal diagnostic codes

Kominski [50]  Economic evaluation of four treatments for low-back pain: results from a randomized controlled trial 2005 A
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Table 1 (continued)
References  Title Year Rating*
Legorreta [5S1]  Comparative analysis of individuals with and without chiropractic coverage: patient characteristics, utilization, 2004 H
and costs
Leininger [52] Cost-effectiveness of spinal manipulative therapy, supervised exercise, and home exercise for older adults with chronic 2016 H
neck pain
Mosley [53] Cost effectiveness of chiropractic care in a managed care setting 1996 A
Nelson [54] Effects of a managed chiropractic benefit on the use of specific diagnostic and therapeutic procedures in the treat- 2005 A
ment of low back and neck pain
Phelan [55] An evaluation of medical and chiropractic provider utilization and costs: treating injured workers in North Carolina 2004 A
Shekelle [56]  Comparing the costs between provider types of episodes of back pain care 1995 A
Smith [57] Costs and recurrences of chiropractic and medical episodes of low-back care 1997 H
Stano [58] A comparison of healthcare costs for chiropractic and medical patients 1993 A
Stano [59] The economic role of chiropractic: an episode analysis of relative insurance costs for low back care 1993 A
Stano [60] Further analysis of healthcare costs for chiropractic and medical patients 1994 A
Stano [61] Chiropractic and medical care costs of low back care: results from a practice-based observational study 2002 A
Stano [62] Chiropractic and medical costs of low back care 1996 A
Randomized controlled trial
Cherkin(63) A comparison of physical therapy, chiropractic manipulation, and provision of an educational booklet for the treat- 1998 A

ment of patients with low back pain

* A, acceptable quality, moderate risk of bias; H, high quality, low risk of bias

o Emergency department (ED) visits Two studies, both
published from 2018 through 2022, found that fewer
ED visits were associated with DC care [9, 28].

Discussion

The purpose of this systematic review was to address our
primary research question: Is chiropractic management
of spine-related musculoskeletal pain in U.S. adults asso-
ciated with lower overall healthcare costs as compared
to medical care? This is the first systematic review of this
type performed since 2015. In that review, Dagenais et al.
found that health care costs were generally lower among
patients whose spine pain was managed with chiropractic
care. Due to the heterogeneity of patient populations and
sample sizes each paper was evaluated by three separate
reviewers using the checklists previously described in the
Methods Sect. [15] As the literature review progressed,
we found that in studies published within the past few
years, an important aspect of cost began to emerge that
went beyond the immediate per episode cost: the type of
initial provider was strongly associated with lower down-
stream costs.

Downstream costs are often incurred after the ini-
tial provider has completed the episode of care. Down-
stream financial costs include expensive and invasive
procedures such as hospitalization, surgery, injection
procedures and advanced imaging. There are additional
financial and non-financial downstream costs associated
with the long-term consequences of addiction to opioid

analgesics, including work absenteeism, decreased qual-
ity of life, psychological distress, and death due to drug
overdose.

Bise et al. continued pursuing this concept in a 2023
cohort study, finding an association between the first
choice of provider and future healthcare utilization [64].
His team concluded that both chiropractors and physi-
cal therapists provide nonpharmacologic and nonsurgi-
cal interventions, and that their early use appears to be
associated with a decrease in immediate and long-term
utilization of healthcare resources. This study adds fur-
ther confidence in the emerging body of evidence on
provider-related cost differentials and provides a compel-
ling case for the influence of conservative care providers
as the first provider managing for spine-related musculo-
skeletal pain. It follows logically that if downstream inter-
ventions are reduced, lower healthcare system costs will
follow.

nonpharmacologic and nonsurgical interventions,
and that their early use appears to be associated with
a decrease in immediate and long-term utilization of
healthcare resources. This study adds further confidence
in the emerging body of evidence on provider-related
cost differentials and provides a compelling case for the
influence of conservative care providers as the first pro-
vider managing for spine-related musculoskeletal pain.
It follows logically that if downstream interventions are
reduced, lower healthcare system costs will follow.

The potential human and societal cost savings of avoid-
ing overuse of opioid analgesics, with the possibility of



Page 8 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

asn
1S3 pue pioido pasealdsp
P21R1D0SSe Y1IM 13 S1S0D

(1usnedino pue uan

a1ed
OAIIRAISSUOD SAIDDR) PIP

2JedY3[eay Wil buoj -edul) UOIIEZ||IIN AJIAISS  OYM SO 'SA 21BD AR 9102-/00C
19MO| %S YlIM PaleIdosse 2Jedyyjeay ‘asn ploido  -AI9SUOD AJiea 9A19234 10U syusned uied  aseqgeiep swie|d UBDSIDY
AdeJay3 9A1BAISSUOD A|IE] sisoubelp-1s0d Jeak | 'S3502 2JBDY3[B3Y [BIOL PIP OUM SIUSIIBY DU 19SUO-M3U 0£0'6/9 I\ Y3|eSH UOSIBA NG| 0D 70T [og] uir
sploido pue buibew jo aWdd (8
asn Jamoj Apuesyubis Ul 194 | J9AO 51502 |PIO| 14
pa1nsal Japiroid aAneAIss dg101
-Uuod yum a1ed bujuuibag pa3ejai ssau||l SNOUSS Y9Nd (9
DA %L '%LE 218) 1 D/IYN - uonezijendsoy 1uaied-uj oyuo (S
151y
(8ETLS) YBWd PUB (SL¥LS)
DV 404353461y 181y (1 165)
Dd pue (€58$) AWDd 104
1S9MO] 51502 13%20d-§0-1N0 USIA 03 ERCA
1514 (S076$) DV 10 (1Ev69)
OYMQ Jo4159yb1y 251y
(0995$) SAWDd Pue (€60S$)
D 104 1S9MO] 150D |PIO| K1261ns 4g7 plal(s
Ny @2112eid pasueApe Jo
INg 404 159yb1Yy pue
1514 5J 10 DV Yyim
Jamo| uondposaid Ajueg Aydeiboipel ‘1D ‘YN NYdV (€
1d 40 DV "D 10} 159MOT spioido v (L
;sisoubelp 4g7
1JO uon [BIIUI 1O} UD3S 151y IDPIA dg14o sisoubeip (IDDH) 21MAsuU| 150D
suopduasald proido  sisoubelp 4g1-1sod Jeak-| -BZ||lIN Weansumog,  -oid AQ paulio) S1OYOD)  MIU YIM SHNPe €65'66/'E 2Je) YiesH 9107-5 107 SO 7zoz  [S] poomieH
%vL ‘N SN %8 D0
Buibew dnsoubelp [euids
(8% =40) suonduosaid proido pue
151e12ads 1USIA 10 (95 =YO)
uonda(ul jeuids ‘sauabins ‘suopez
SAIBD3l (€1 =¢0) uonduos -llendsoy ‘suondaful ‘bul
-21d D_O_QO 114 \ANW.HIOV |®m8_ 'SUSIA (3 @C:U_J_UC_ 19pIosIp palejas
pazijeydsoy aq o} 2led AWDd -3ulds JO Xp MU Ylm
K|l ss97 :sauaned HQg owg paie(edsa Jo Aouanbaly  sA D aied auids Alewid syuaned 3npe z69¢ YHI 1aned 0D 7zoz  [67] uellpzag
paJnseaw si0}oey uosiiedwod
SawodnQ |eAsa3ul dwi ) pa31e]a4 19410 10 S3S0) pue uoUAAIRIU| 9|dwes adunos eleq ubiseag Jesp  S9JUDIYBY

7707-810 S3IPNIs papn|pul Jo Alewiwins g ajqeg



Page 9 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

1NS

919234 10U pIp 1eyl dnoib
AuUe 10} L* UONe[edSd JO
A5y g2 A1ebuns 691 43
5’9 uondalul ‘g | buibew|
124D IBYI0 10§ SYSU(0°1)
2dUaIRyaI se JINS buisn

| "(UOIIR[BISD JO Sl
958312U] 9¢7) LINS OU Yim
asoyy ueyl Jaybiy sem JINS
pakejop Yum s NS ou
SA A19B1Ns 3oeq 10 suon
-23(ul ‘Buibeuwr Jo ysi ul
9SBRUD3P %0E LWS [R1IU|
(0 onel plezey)

D 104 19MO] 996 uonduds

A12b.ns Jo ‘woos Aousb
sieak g -Jawa ‘suondaful ‘buibew|

A1264ns yoeq 4o
SIeak 9 suonodaful ‘buibewl|

(,21e2 2410, Se

papN|PUl 1d) 1IAS N0
-Yum aled Aue sa NS

(Aluo
2Jed |e2IPaW) NS OU SA
LINS pake[op sa LINS emiuj

soposida jeniul
uled yoau anbiun |56/

saposida jeniul
uted yoeq enbiun z/£'01

uted jeurds yum

810¢-cl0c

sudle|d aoueinsu|

810¢-cl0¢
Swie|d adueInsu|

910¢-cl0¢

0D 1zoT [87] uosispuy

0D Lg0g [£Z] uosispuy

-a1d proido Bul||y 4oy 3siy 1SIA [e1ul wolj Jeak | uondudsaid pioido buljji4 AWSADJ  SaUedyausq DN 6¥6'SS Sulie|d IedIpaN 0D 7207  [9%] uopaym
dnolb NS SA
1VO 10y 13ybiy X 7 <21ed
pa1e[eds3 96¢c AW %/ DA
RINUNQE]
%/, AW %8¢ DA
2ISIA 35)|e1Dads
%y AW %L DA
:buibew| Apy
%8y AW %/ L DA
suondafu| $I91UNOdUS pue
‘paw uled
%8 AN %Y L Dd [euonuaAlaul ‘K1abins
'SYISIA 351|e1DadS
‘Buibew padueApe ‘SHSIA
@3 'suonezijendsoy :21ed sisoubelp 4g7> yum 910¢-¢10¢
:uopezieydsoy SIeak g pa3e[edsa Jo Adouanbalg IVOSALINS  SueIDYauUS] DN 091'8T SwiepD aIedIpPay 0D 7207  [6]uopaym
painseaw si01dey uosuedwod
sawodINQ |eAul dwi | pa31e|34 19410 10 5150D) pue UOIIUAAIRIU| 9|dwes 2Jnos eleq ubisag Jes)  sDULIBRY

(panunuod) g ajqey



Page 10 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

uonduoasaid proido ue

pajly siusned [yS-uou Ajuo g dd ured jeu £107-710T
2I0W SaWI} €0' PuUe GS°| sieak 9 suondudsaid ploldo  ‘LINS OU SA QW Dd+1INS  -1ds yum siusned 1zZ' 101 Swiie|d> adueinsu| 0D 0207  [St] uopaym
sAep 06 01 dn
159YDbIy N3 JaYy10 pue
15160]01N3U "YBIN ‘W3
‘01O dDd ‘Ld 03 pasedwiod
syulod swil e 3B 3SN MISIA Xapul Ja)ye sianenb (19430 ‘Y9INd
p1o1do 4o} YO 159MO| 343 SNONUIIUOD 4= W3} 's15160j01N3aU ‘'OYHO ‘WI) uled
pey s ‘asn pioido 10} YO Buo| “YISIA xapul Ja)je s1s1je1ads sA dOd sA (1d 323U J9SUO-MBU YUM ¥107-010¢ saseqeiep
1S9MO| 343 pey DV SAep Q€ = W31 1IoYS suopduasald proido 53 DY) dAIBAIISUOD syuaned (996'/ 7t UDJeas3) URDSISYIRA 0D 020C [6€] SINOT
1v0 104 134B1y sawin
/81 SIS0 WI1-buoy [e10] Juawabeuey Uled pue
1S ueyd 1502 1d DA ‘Wend ‘seonoeid 1VO 10 [INS Yum
19MO| %8S 1VO YHM S350 218D dg7 pue $150D aJ4ed Ayje1>ads pue [esauab 4972 40 21ed Wiia) 9107-710¢
wia)-buo| 2183 4g ues siedk g -y1jeay [e101 wiRl-Huo] [EDIP3A 1LYO SA LINIS -Buoj yam DN 091'8¢ Swiie|D 21edIpa 0D 120z [zv) uopaym
1vO uriaybly
XG Sem a1ed wia) buo
‘1S Yum Bumes Juaied
-1N0O Ue Ul JIdMO] %16 IAV
%EYL VO %E0 LNS
:asnge/asuapuadap ploido vo 0
) o LIS YUM 4g72 JO 1usw
%E81 1IVO %60 LWS _obeuew Efwwumcof r_w_>> 910¢—¢l0ocC
3av Auy squuow zL () S)uaAS Brup asionpy 1VOSALNS  saueIdYausq DN 091'8C sule|> aiesipaN 0D 120T  [e¥] Uopaym
salepyauaq
000’1 42d /9671 L $=S32IA
-J35 [BDIPAW JO 51500
[euonippe |[elsAQ
g salabins Jou pip
UIds JO =181 pasealou] oYM 350U3 sA dp3deidos
SUOIIPUOD auIdS 10§ SUSIA -14> 01 ss922e pasealdsp
QNN JO 2181 paseainy| uon suonipuod aulds 10} pey pue pa1ed0jal oym
-BD0|2) JoYe SIeaA 7 SNS 150D ||RISAO puUR ‘saleb  s19sn ddeldoliyd buowe SEN]
'$$9008 (g PadNpay -19A 91042 SIe3A 7 -INS 'SQIAl Dd O3 SUSIA JO # SIDIAIDS [BDIPSW JO 35 onoesdoiiyd DN 8/7'6€ Swilepd aIedIPay 0D 1707 [0€] sineq
painseaw sio1dey uosiedwod
sawodINQ |eAsaul dwi | pa31e]34 19Y10 10 5150D) pue UoIUAAIRIU| 9|dwes 2Jnos eleq ubisag Jed)  sDUIBRY

(panunuod) g ajqey



Page 11 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

Adesayy

aAne|ndiuew |eulds [y ‘@sinu paialsibay Ny ‘sidessyl [ed1sAyd 4 ‘uedisAyd [edipaw uolleljigeyal pue aupipaw [ed1sAud ¥Nd ‘uenisAyd [edipaw aied Alewld WDd/dDd ‘uoabins sipadoylio/isipadoyriQ oyiQ ‘ones
SpPO YO ‘Adessyy disableue proidQ 1O ‘Adesayl jenuey 1y ‘buibewr sdueuosal d1ubeR| [y 110100P [BDIPSN I “21edIPSIN DV ‘uled Yoeq MO 497 ‘ueidisAyd [edipaw wooi Adusbiawg jy7 {p1odai ynjeay d1uoi1ds|d YHI

uawnedap A>uabiswy g7 ‘uenisAyd siyredoalso 0@ “ordeidoay) Hg ‘Aydesbowol paindwod 1D

1ed ¥2eq Mo| d1UoIY)) 4972 ‘9sinu pailsibal ad110eid padueAPY NYdY AULA BNnip 3s19ApY @V ‘stun1dundndy Dy

Apn1s 110yod aAndadsosd OD4 ‘uonen|eas dJ1wouod3/Apnis 150D § ‘ApNis 110Yod [BUOIIDDS-SSOID/aA1129ds0119Y 0D :subisap Apnis

Jamo|

Aj3uedUIUBIS OS[e 319M $3S0D
uondudsaid pioido fuon
-duosaud proido ue buljy Jo
POOY|9M1] I9MO] %SG € LM
2182 5J 10} 570 sem |1y

150D Pa1eIDOSSe pue
||y uonduosaud jo
91el /||y uondudsald

sisoubelp g1 Alew

¥10¢—€10¢ °seqeiep

uondussald pioido 1oy YO sieak ¢ ploido Jo pooy!|ayI] 2Jed Y@-uou sAaled g -ud yum siusned $8E'€l sWied aAleaSIuILPE HN 0D 8107 [#¥] uopaym
SSWODINO DIWOUODS 10
payiodas-iuaied Jayie ul Syuow 9 Joydn aJedyyeay
S9OUIDYIP 1UBDLIU pamoj|o} syuaized  paiejal-uled JO 150D pue onoeidonyo+aied  syualied paldyRIuouU 6€ | OWH 1S9MULION 21uau
-BIs Ajjeansiels oN (S10Z—€107) SIeA ¢ SOWODINO [BDIUID  PIBPURIS SA 218D PIEPURLS  ‘DPallgyal O/ 9IS o|dwes -BUIS  J9SIeY WO YHT 0Dd 810¢ [FZ4PEISE!
(Xapul Woly
sKep og >) sploido a10j2q
UOIUAIIUL A|JeD [N
Ajuo |IN
YUM Jamoy suondudsald suondudsaid proido
ploido pue ‘SiSIA ‘$1500) '$1500 pUE SYISIA paleas 95eqe1ep (ZN) 1001
-1ap|noys pue -auids plefle) bunioday pue
151y 'S1S0D pUE SMSIA 218D ‘00 'Ld Aq papinoid | |N uted Japjnoys Jo  Juauabeury SHIN (SHIN)
1IN 10} JOMO| 313M S1S0D || USIA Xapul Jaye Jeak | -yijeay usnedino exor  ‘sploido+ [N SAAUo [ duids yum siusied 995’/ WRISAS YijeaH Asedin 0D 610C [z1] uoyy
1samo| 8y (OV ‘Ld
‘D) 9AIIBAISSUOD pUR YO USIA XSpul J91ye sianenb (uoabunsoinau
159yDbIy ay1 pey sisijenads SNONUUOD = W31 19410-aW "d8Wd W3
:suondudsaid wi9- Buo| SIA Xapul 191)e 'OYHO dDd) Isl|enads sa syuaned 5107-900¢ 9snoy
Buoj pue 1oys yioq o4 shep 0g = w21 Hoys suondussaid ploidQ - (1d ‘D3 ‘D) 9AIRAISUOD dg719SU0-Mau $,0591¢ -9JeM e1e sqewndo 0D 6l0¢ [£€] sizey
oioesdoliyd oy
SS9DDB PISEIIIP YHM
pa1e120sse sem Hul 10U PIP OYM 350y}
-1591 pue buibew dnsou SA D11oeJdolIyd 01 SSa008
-Beip pue sainpsdoid paseaidap pey oym ured
/iusuwabeuew ‘uoien|eAd 323U JO/puUe YUM $Iasn
|e2IpaW uo bujpuads Buipuads paie|al Jioeidoliyd buowe P21820J3) OYM $I3SN #102-0107
paiejal-aulds JaybiH 1eak | -auids |enuue Jo 150D SIDIAIDS [EDIPAW JO IS oioedoiyd DN 6/9%8 Sule|> IeDIPaN 0D 6107 [1€] siaeg
painseaw si0)dey uosiiedwod
sawodINQ |eAsaul Swi| po1e[a4 49410 40 5150D) pue uonUIAIRU| 9|dwes aJnos eleq ubisag Jes)  sDULIBRY

(Panunuod) z 3jqeyL



Page 12 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

Suole gW'>AW+1WD
dnoib
13410 Aue >suoe [IND

suoled|paw uted bul

suoe
AW (¥ 'LWD Aq pamoj|oy
AW (€ ‘aW Ag pamoj|o}

(9zg'es Jo

a|dues |e101 a3 Jo
%€°95) 4 Med aied
-IPS Ul pajjoius
2I9M OYM S2p0osida
dg712 Yim Jspjo pue
99 pabe syuaned piq

¢10¢-900¢

:nbua| 3posida pue s1500) 51502 9posida Jad -pNPUIaIED JO1S0) D (Z!aUoje LAD (I -Iowiod Adninw 0z 0y p1EP 2IRJIPAN 0D 910z 1Yl SPem
dd71D pue dd1n 104
3UoJE < 3UOE AW
pue |d+dW>D>d+dW
‘pa1snfpeisty
1d+dW 1o
auole gW <D+ 1o
auoe OQ
497D 104 S150D
6007-000¢ s8240jdwi3
1d+dW 0 (@E] 91P1S pU SIayde3] o)
Quoe dw>>d+awJo 123 [EDSY BUO 10) ‘s3511epads’ 3 ‘sjend 6007-0007 SWiep Ue|d U1|eaH 21815
suoreod sisoubelp QD1 104 -s0u) s|esagRi DA+ 910 96+'£80'L pue DN AQ SWiep DN 40
4G 104 51500 1eak e2sy | 218301502 [e10] DA+AW'BUORDd  SWIBP 41N 998'S/07  PIRIYS aNjg ss01) anjg 0D 910z [S€] Zuminy
D 104 19MO] %8
061 :sab1eyd 2101 dNN
DA+AW<Id+aw
dND _M dNN 1S2D1AISS (o1 6002000z Seakoldw
[BAI9ja1 BUIPNPUL SIS0 s151je12ads ‘DUDIpaW 6007-0007 SWIepP 1815 puUe SIaydea] Jo)
Sa+aw < Ld+anw ek |pasy auo Joj  Aduablawa ‘sjendsoy) dND uled ypau pared Ue|d Y1|eaH 21815
IND 10 NN 104 1S321A3S sisoubelp 6] 10) sjeustal DJ+aw -ldwod g1 €'67S pue IN Aq swiep N Jo
leL1oJ1 BUIPNPX3 51503 1eak B35y | 2183 J0 1503 [B10L ‘ld+aW‘BUoRDd  SWIEP NN 9PO'SELT  PIRIUS BNjg $50.) anjg 0D 910z [¥E) Zuminy
1uaned soud pabew) peH
uawdinba Ael-x paumQ
Aaup
Buibew 1oy 1aybIy (YO) aydepeay pajed
oney sppo Jaybiy pey -jjdwodun 31n3e ym
$OA (%€ L) AQWDd ueyl Snpe 508'z6l pue
2I0W PUE (95'9€) SIS QW 1sIjeads sA uted yoeq paled
-[e1>ads ueu (%/ 1) D0 SAQWDd Bulpnpul - -liduwiodun 3inde yum ¥102-010C
Butbew ss3| pip $Q 1eak | Buibew; 'SUBIIUYD //6/001 S1Npe 0z/'8/8 swjep adueINsuy| 0> /10 [g€] buon
uosiiedwod
sawomNo [eAlSul BwiL painseaw s150) pue uonUAAISY| ajdwes a24nos ejeq ubisag Jesp  soduLIRPRY

£107-1661 S2IPNIS papn|aul Jo Alewiwins € ajqeg



Page 13 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

1544 Dd Ym 9%¢

1514 Uoab
-INS Y1IM SISYIOM JO 9%

:K196Ing

¢02d

1’7 pawdd0 AW ¥ 0l
uoabing-1apinoid 15| SIA
€ ulyum A1aB1ns Jo 4o

uoneinp
2182 Jo 9posida pasealdy|

1SIA UoabIng

Buibewt pasueApe 10}
YsH pasealdsg

s’

AvO Jed

000'00¢$ ©3000°0S$ 40
spjoysaiyy Aed 03 ssau
-Buljjim 10§ SSOUDAINDIYD
-1502 Jo Ayjigeqo.d

180 03 520 & Yum ‘duoje
V3IH PuUe VIH+34S ueuys
150D |e131205 210}
J9MO| PUB S3UW0IN0
[BDUI]S Jol1aq peY

Japinoid Jo adAy Aq
‘K1abins suids sequuny Jo
sieak ¢ si0121paud Ajie3

swiepd ||e Joj 150D
PaMO[e [RI0} :S1S0D

NG paiej)-dgT
uonoafur [einpid3y

ainpasoud |edibing
1ISIA 92J0 uoabing
Buibew paoueApy

sydeibojpel
1eak | 1JO JI2qWInN

(AIVO pue

Aujigesip ‘uted)
S3WODINO [eDIUI|D pue
150D 24edU1 |y

(Uoabins)

AW SA (PaW220) AW
'SA D epinold sy

Isiexads (£

ENC

oInau /oy
-uoahins auids (§

1d (7

Da (e

AlyeisAyd

(z QW 2182 Asewilld (|
Japiroid 1sii4

V3H snjd 3yS sA

v3H snid (1INS) Adessyy
aAlze|INdiuew |eulds

SA (V3H) 921Ape pue

SENTIOI
pain(ul 21815 YA\ G881

wiep d4d1
MaU yam syuaned 7/

OsSH-a)
110Yy0D) ApNiS uoledy

-uSp| ISty Aujigesia 02d €10C  [97] Aouoay
€10¢-¢l0c¢ sueld
YieaH yein jo Ausian

-lun) wouj eyep suwie)) 0D sloz [c€] 2y

VIH + LINS ‘abesane up 1ok | 1231|pul pue 12311g 9512J9X3 SWOH G9Z pabe synpe |4z elep | DY eiep DY buisn s 9107 [z6] 4ebuluie
suon
-dunsaid yum asoyy ul
$950p PloIdo Jamo|
Y3m 10U Inq ‘suondids suoIbal [el9yal
-a1d pioido Jamoj| yim $OQ 01 syuaned aledIpay AQ [eudsoy yinowieg
pa1e1005Se UM (3beSn SjuaulAed aledipapy pue 9SN D JAMO| pUB 90 Y} UIYUM | |07 Ul
2J0Wl) 51502 D 12YbIH Jeak | suonduosaid pioildp 19yb1y yum seary syuaned aledipapy e1ep ILDIPIN 0D 910¢ [0%] Soam
uosuedwod
sawodInQ |eAul dwi painsesaw s1s0) pue uoIUAAIRU| 9|dwes 224nos eleq ubisag Jedp  S9OUBIYDY

(panunuod) € ajqey



Page 14 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

699$ 21D

[ed1paw 1sijedads pue
/1¥$ dnoeidodiyd qusw
-obeuew [edIpawl ||e ioy
9/5% PUR G9€S 21am
sabieyd sulipaw aJed
Alewid uelpaw ‘ased Jad

#8/7S '91ed |ed
-IPaW JO SUILIOY ||e 10) pUe
168$ sem 150 dp1oeid

papn|oul Jou
51500 UoNEedIPaW

(@W 40 DQ) 1ap1roid Aq
sainpadoid 10y suliepd

2/eD [eDIpaW
1s1e2ads sA ddesdouyd

(968=U)

dg7110}2IsIA
Snoeidouyd 1o [edipaw

S00¢—1+00¢

000'0€ ~J0
aseqeiep swiep aue

-0J1Yd uesW ‘358D J3d sieak 7 uled yoeq [p10} UBS| SA [eDIPRW Alewlld | 15e9] 18 YUM SIUSIRd  ~INSUl QWH 21eAud M D 6007 [/¥] sanauD)
sjeonnasewleyd Hul
-pnpul ‘siopiacid
Aue Aq aposida sy bul
-INp papiroid sadIAIDS
AW [emul ||e 4oy pred s350>
UM UBY) SS3] 9607 D1aM pouad  papnpul s1s0d sposida
s 104 paisnipe D (el Apnis 1eah-z ay1 Bul |e3o] Joposida sad Od/anw dg1yum - 900¢—700¢ SPi03al NL
-IUl YHm s9POSIda JO 150D -inp aposida Ag 2183 4¢7J0 150D SA D@ Hapiroid 3sii swuaned Zor's8  PIRIYS aNjg/ssoi) anjg 0D 0loz  [8¢]lvyepaln
AN Dd 01 pasedwod se
4N AJ1e3 Jo pooyjaxi|
19MO) 9505 Aj21eWIX0idde
351450
'L 49410
0'1:a3d
G| :uoabing
¥l paW 250 AW (pawi |ed
o -1sAyd Jo 3s1je1DadS) 9dAY
90-2d Ainfurisod 19410 SA 03 SA (U0aBINS)
0'L :dNDd skep ¢y > 19N Jeq AW SA (paW 330) AW (OSH-a)
-win| =YW AJea  Jsapiaoid Jo adAr AQ ‘[YIN SA (24e2 Arewlid) g SISNIOM 10yoD Apnig uonedy
‘(0ned s1el JUsSpIdUl) Yy ‘(¥002-2007) siedk ¢ Auea jo si01o1paid Ajieg SA D@ apinoid 1sii4 painful 21e1s WAL 0€8 L -nuap)ysiy Aujigesig 0ODd ¢lo¢ [ST] senein
uosuedwod
S3wWo0dIN0 |eAul dwi | painsesaw s1s0) pue UoIUAAIRIU| 9|dwes 3d4nos eyeq ubisag Jedp  S9OUBIYDY

(panunuod) € ajqey



Page 15 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

obe

-19A02 2119e4dOIIYD YUM
dnoib sy3 ul Jlamoj Ajpued
-y1ubis a1am saunpadoud
paIPNIS 1 ||e JO Sa1el

9sn uted 3dau 1o ydeq
MO Ylim S3uaiied o4

69¢$ AW
095$Dd
6455 Wd+Da

09/$ 1d+AW s1s0d s
-edino uesw paisnipy

S150D [PUONIPPE 1NOYUM
'2led N SA 2l1ed DJ Yyum
Ajiqesip pue uted ul
EwEw>9QE_ Jo1ealn)

papN|DUl dJe S|elidjal pue
Buibew| pasueape Jo
51500 UYM SYIUOW-7 | 10
SYIUOWI-€ 1e Ajpuedyjubis
J941p 10U pIp UsW

-1ear dwW pue Xd 4o
51502 |R101 1N ‘g Uy}
1912216 X 0'7=G'| UM

sydeiboipel

wy-ureid pue ‘a1ed usn

-eduy ‘K1sbuns ‘buibew;

103/ PaoUBAPE JO S31eY

sjeon
-nadeweyd buipnpxa
owgl  's15031usnedino [e1o|

HISIETEY
1sidesays |ed1sAyd pue
uoI1e}NSUOD [eIBINS
‘Buibew| pasueApe Jo
350D parewnsa snid
$1S02 9JL0-Ul papn|oul
$1S0D |10} PRIRWIIST
'$1010B) UOISISAUOD
2IBDIP3\ pUB SHUN
SN[eA SAIB|24 9PODO)
-1IYD /21e3IpaN Uo
paseq S21ews 1500
92O ‘aul|aseq Jaye

1ISIA 9UI|9SE] WO} SyIUoW 7| 4o

1yauaq

Snoeidoiyd e noym
95043 SA 1yaudq
snoesdoiiyd e yum
sue|d |edipawi Ul
paj|0Jus uted 23U Jo
yoeq Joj syuaned Ag
Swie|> 9dUeINSU|

Wd+DQ Ajuo
DA 'Ld+aw Ajuo aw

24ed |eoIpaw Alew

dg97 yum syusiied |89

g7 21UOIYD 10 23N8 YIIM

(S66'100L) 1yauaq dn
-d>eidoiiyd INoym pue
(069'£0.£) 1yauaq dideid
-0J1yd yum syuaned jo

10/0€/¢€ ybnoiys
£6/1/1 Woly aseqeiep
Swile|d> asueinsul

uonendod ainug 21ed pabeuey

siuaned

OWH buleasn soioeid
[ed1paw abue| e Jo
SPJ0J31 Wolj e1ep | DY

(9661-v66 1) potiad
1834~ 120 3I0MI3U

SO S00¢ [¥'G] UOS|IaN

e1ep 1 Dy buisn §O 5007 [05] Pisulwoy)

$1502 92140 DJ paisnipy syuow z| pue ¢ pouad eJojipne Leyd  -ld 0y a1ed dndeidoiyd syusied 7/87  Yoieasal paseq-adiioeld D $00C [8¥] seeH
uosuedwod
sawodInQ |eAul dwi painsesaw s1s0) pue uoIUAAIRU| 9|dwes 224nos eleq ubisag Jedp  S9OUBIYDY

(panunuod) € ajqey



Page 16 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

S311IPIGIOWOD dABY O}
A|91| SS| 49M pue
‘sydeiboipel 1amay ‘1el
A19Bins Jamoy ‘21el [
1omo ‘shep [eudsoy
Jamay Apuesyiubis pey
syuaned uled yoeq Og

21ed> D SA JN 104 (%8
SA901) Joybiy Ajjeulb
-Jew AJuo a1am saposida
uted yoeq paledijdwo)

(dnoeidolyd Inoyim
syuaed ueyy Jamoj 98)
77S5$ semuswiieal) uted
326 DJ JO 150D U3\

syuaned SWN yum
$1500 AdINd %€ |

$150D uoledIPaW bul
-pPNPXe (AdWJ) Jeak 1ad
Jaquiawl Jad 97 |

[9A3] 9posida ay3 1e aled
MSIAIN JO 51503 {(S9IAI9S
juanedino pue uan
-edul se yans) 51503
[P10} JO S3UaUOdWOD
[ENPIAIPUI 'S150D Wile|D

218D gIN AJuo BulAldal
35043 SA 218D H(J A|UO
BuiAleda1 suoRIpUOd
SISIIN Yum syuaned 1oy
318D JO saposida yum

1yauaq
o1oe1dolIyd 3yl INOYIM

W | 1yauaq abeIanod
opoeidouyd [euon
-Ippe Ue Y1Im slaquuaul

yiomiau
2Jed-pabeuew |euolbal
v oble| e woyj e1ep

12182 D YUM JOMOT 1e3f 2Jedyyjeay [p1o] P31eD0SSEe 5150 ueld yieay 069'20/ SWIe|D DAIIRASIUILIPY SO $00Z [1S]e1onoba
uosuedwod
sawodINQ |eAul dwi | painsesaw s1s0) pue UoIUAAIRIU| 9|dwes 924nos eleq ubisag Jedp  S9OUBIYDY

(panunuod) € ajqey



Page 17 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

S9WOD1INO [eDIUlD Ul
S9DUUBYIP JuLDLIUDIS ON

dnolib

19]100G aY1 10j €61
LAND 62F$

LEVS 1d

:S1S0OD UeaWl _mw\A-N

PaPN|IXd $150D
Buibew pasueape pue
a1ed [eo1bins-1sod
‘A1964Nns quswiean
[e1IJaY Ja124 JO 93163p
awies yum ‘(suonduosaid
Buipnpul) €01 $ 24ed |el
-19J24-Uuou QN ‘7L TS 24D
D 4O 1502 O UBIN
uopez||in

AW %158 01 pasedwod
‘ApN3s siy3 ul uonezijnn
DA %80 AJUO sem

213Y] 210N L657S Sem
11 D710} 795'€TS

sem QN Aq

pabeuew (Uonesusduwod
Buipnpaul) 1503 Wie|d [e10}
U3\ "G ‘24ed D 10}
'G/ | 219M 31eD g\ 10§
SKep3IOM 150| Uea|y|

SO YumzLeLs

‘SQW Yum spuaiied oy
618'G1$ pabeisne sjusw
-Aed uonesuadwo)

D0 104 ¥€9% pue

AN 10} STHES 21oM
150D ueaw :Ainfur g7

suoledIpawl bul

-pnpul (sasuadxa

s1eak 7 1oy dn pamoy 19%20d-§0-1n0 ou)
-|0f {YIUOW | 10§ pa1eall  QWH 9Y} 01 SISOD [B10].

12H00q

[BUOIIEINPS UE JO
uolsiroid SA JIAD SA
poy1aW 31ZUsNdIWN 1d

swuaned onoesdoyd

056’1 10} 24BD JO 150D SA

N usW  syusned [edIpaw 776 10}
/8D JO 150 |e10]

NAY ‘LdD bul
-1eal} pue siSIA 9240

1SIA [RIIUL WOL) 1k |

Wwile|d JO 1502 [e101 pue
‘pred uonesusadwod
150D [eDIpaU [e10] 1502
1uai1edino [eudsoy
1502 juanedu [exdsoy ON Ul
1502 D 1500 QW (@L1) SJoiom painful jo usw
Aujigesiq |e1o] Aesod -obeuew dnoeidosiyd
W3] ‘SABP 3IOM 1SOT  SA [BIIPSW JO 150D [e10]

7661-5/61
Swie|d Pasop ||y

1UsIA 21ed Aewind iayye
sKep £ 1oy paisisiad 1eyy
dg1Yyum synpe | g

g7 21UoIYD JO 3INDE YUM
syuaned z/8¢

SWiep 059'ey

OWH punos 136n4 jo
dAl1eId00)) Y1jeaH

dnoio wouy eyep | DY

(9661 -166 1) >Homiau
2Ieasal PIseq-ad11oeld

swiep Anful
PS03 UOISSILILIOD)

[eLISNpU] eUlj0JeD)
YHON ¥661-6/61

104 866l  [€9]uppisyD

SO ¢ooc [19] ouris

SO ¥00¢ [GS] uejayd

sawodInQ

uosuedwod

|eAl)ul swil | painsesawl s3s0) pue uonusAIlU|

9|dwes

931nos ejeq

ubisag Jesp  SIduAIRRY

(panunuod) € ajqey



Page 18 of 26

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

£€8¢€$ uoabing

691$ ANDd
S¥5$0d
(uequn) (K1o1e|nqUIe) 497 40 uoabins dipad dg7 91nde yum DN Ul 3iomisu
9p0sIda,/51500 UBIPa S9aM g 9posida Jad 3503 [e10]  -OYMO SA Dd AN SA DJ syuaned €69 Youeasal paseg-adlioeld 0Dd S661 [e7] AaueD
81¢cs 0a
'€5'8€$ 1sipadoyio
'LT0TS AW Dd -S61$ DA . L,
. (s13410 |e pue‘0Q s
) AusiA sad EMOU Uesy odA1iapinoid Ag  -ui1ul ‘sisipadoynio ‘si9
1969 AN Dd 8€Z5 Od s9posida J0 51500 -uonideid [essuab) ujed
"L¥CS OYUO ¥92S$ Dd |e101 UsIA I9d S1S0D  3yOeq Yim siuaiied 10y
:9posida MSIAISe|Jale SYM £, 01 Ueaw pue aposida Jad 2JeD [eDIPaW Jo sadAy 1uaWadx3y
/1502 Japiaoid uesiy SIA IS | 210J3] SHM § SYSIA JO JSQUINN  SNOLIRA SA D3deldouyD syusiied 989 @duRINSU| YlesH ANVY D S661  [95] 9)19MdYS
skep 61
sA sKep /¢ Dnoesdos
-1yD yibua| oposidy
0201$ sA81SS onoeud sasoubelp S211BIdYSUS] UOI||IW
-0u1YD :$9p0osida 1Sy 10} MSWN Yrm siuaiied (3s4y dndesdodiyd Jo Z Arewixoldde woly
S1uswAed |e101 ueay S1eak 7 soposida pue S1S0D [P1O]  [edIpaW SADdeidodiy)  [edipawl) sxuanied €819 e1ep |VISaIw SO 9661 [c9] ouelg
0T L§=[edIps
'Sz €$-onoesdouy) 150
BAe Xy ‘7 sA | dndesdoyd
1d/suonduosaid Jo ¢
¥6$ SA L €S 1usaned
/AS0D puUe 9%/ | SA %S
onoeidoalyd :a3es buibew|
¥//$=|e2IpaW ‘spaw uonduosaid uled 3oeq Jo sjualied aled |edipaw
SA 6£S$ =Dnoeidoayd ‘Buibew ‘sisoubelp bul 323U Yum syuaied 8€8| pue syuaned
:uaned Jad $150D [[eJan0 1eak | -pnpoulaled Jo 150 [e10]  [edlpaul sA dnoeidoliyd onoesdoayd 171 S661-661 P1eP OWH SO 9661 [€5] A3ISOW
siapiroid onoesdouyd oy
uinial 01 A|2y1| 40w
ale siapinoid usamiaqg
/90 S501D, OYM S1UBIIRY uoua1a4 Juaed pue sasoubelp HSINN 40}
'saposida pareniul syuawAed juaned 2led dndesdoiyd sa S21IBIdYSUS] UOI||IW
A||ea1pawi 10y J91ealb -1NO pue 3dURINSUI [BJIPAW JO SUIOD (3s1y ondesdouryd uo 7 Aj2rewixoidde wouy
syuswAed adueinsul [p1o| sieak [P0 BIA S3SOD [R1O]| -NO puUR1SOD P10 [edIpawl) sjuaned 17| e1ep |VISAIn D /661 [£S] yuws
uosuedwod
sawodINQ |eAul dwi | painsesaw s1s0) pue UoIUAAIRIU| 9|dwes 924nos eleq ubisag Jedp  S9OUBIYDY

(panunuod) € ajqey



Page 19 of 26

ured >d3u paredijdwodun gnn ‘uted 3oeq mo| paredljdwodun 4gin sd1axa
aAlell|Igeyas pasiAladng ys ‘Adesayl aanendiuew jeuids ;s ‘1esp 3)17 paisnipe-A1enD ATvO ‘2Jed Adesayi [edisAyd Jo 1sidesay |edisAyd 14 ek Jad Jaquisw 13d AdINd ‘Se1ijepow [edisAyd Wd ‘uemisAyd jedipaw aied

(2024) 32:8

Farabaugh et al. Chiropractic & Manual Therapies

Krewind guDd ‘uoabins dipadoyiio/isipadoyiiQ oyrQ ‘olrel sppO YO ‘Adesayy aanendiuew d1yedoalsQ (O Duidipaw [euonednddQ pawdd( {|e13[a%SO|NISNWOINN YSWN ‘UoabinsoinaN oinay ‘buibew adueuosal
Jnaubepy [y ‘a1ed [ed1paw 1o uepisAyd [edIpay gy ‘uted yoeq Mo g7 ‘uoneziuebio a3urUIUIRW Y} RSH OH ‘DIIAPER 3SID19Xa SWOH YIH ‘Dudipaw Aduabiaw 7 ‘Juswitedap A>usbiawy g7 ‘21ed d1y1edoa)so 1o
uepIsAyd d1yredoalsg O ‘a4ed dndeidodiyd 1o Joydeidoiyd D@ ‘uled ydau pajedlidwod gD “uswieal aanendiuew dndeidodiyd (D ‘uted soeq mo| paledtjdwo) 4dg7) ‘uted ydeq MOj| d1Uoiyd 4972 stnpundndy Dy

|eli} PaJ|013u0d paziwopuel ‘] JY ‘Apnis 1oyod aAdadsold ‘0D d ‘Apnis 1503 ‘S {ApNnis 140Y0d |eUOIIISS-SSOID 1O dA1NIAS0IIR ‘0D :ubisap Apnig

899$ AW SA 89$ DA
:uonesuaduwod uesiy

LCAW sA ¢ Dd-uon
-esuadwod Jo sAep ueapy

uon saunfuryeq yum D@ 1o QW 1ayus Aqg
$89$ AN SA £75$ -esuadwod pue a1ed Jo SI9YIOM 10} SISOD [ed pajealy swied Ainfug 9861 1N 10} swiep
DQ 218 JO 150D UB3| SIeak ¢ 9se>19d 1500 [R10]  -Ipawl SA DideIdOIIYD  3OBq YUM SISNIOM 790E  UonesudUOD) SISNIOM S 1661 [6%] sinter
suolssiwpe [edsoy Jo
d)el Jamo| 0} d|geInqlie SasoubeIP MSIAN YIm 4109 10 SUOIIPUOD [e1D
3Je 218D [BDIPAW pUE syuaed Joj Ajuo aied  ‘a1ed d3deidodiyd AJUO  -[9XSOJNISNOINAU YIIM
snoesdoiyd yiog buisn S31eJ UOISS|Wpe [BDIPAW SA 24D [BD ‘a1ed [eolpawl Ajluo  siuaed |$9'56E Wolj
syualied 10j S1S0D JOMOT sieaz  [eudsoy pue sysod [plo]  -lpawl snd dpdesdoiiyd SIVINEREIRSIVETEN elep swiep 1vISaIw D €661 [85] oueig
shep 7z
SA sKep ¢ Dndesdoliyd
:y1bua| aposid]
onoeidoiyd 1013$3l Jou 0661-8861
CLLLS $9s0UBRID  PIP 18Ul SDURINSUL YIM '5311P12U3USq UOJ|[IW
SA €265 dnoeidoiyd dg1 yum syuaned 0Q suonipuodydeq ¢ Aj@rewixoidde wouj
‘s3uaWiAed (10} LRSI SIe9A 7 Sopos|da pue $1S0D [BI0]  /|edIpall SA dideIdoslyD  MO| Yum siualied 8768 eiep 1vISAIw D €661 [65] ourig
1502 D@
J9MO] JejIUIS PIMOYS OS|e
sasoubelp [eulds Jsy1Q
09€5$ =Ajuo
AW ‘6/£7$=Auo DA
'SOWODINO 150 [RIO]
‘suolssiupe |eldsoy jo
el Jamo| 01 d|geINqLiIIe sasoubelp MSIAN Yim 0661-8861'SUOH
e 2JeD [EDIPAW puUe syuaned Joj Ajuo 4104 1o -IPUOd [e13[3%SO|
Jpoeidoiyd yioq a1ed O@y/[eoIpaw  ‘ased dpdeidonyd Ajuo -NJSNWOIN3U Y3IM
Buisn syuaned Joy S31eJ UOISSIWP. SA2/eD QQ/|ed  ‘24ed Og/|edlpaw Ajuo  swuaned |$9'SEE WOl
150D JOMO ||BISAQ sieakz  |eudsoy pue s1s0d [e1o]  -Ipawl snid opdesdoliyd VINEREIESUETEN| elep SWieP 1VISAIn D 661 [09] oueig
uosiiedwod
sawodnQ |eAsaul swi) painseaw s3s0) pue uonuaAIRU| a|dwes 924nos ejeq ubisag Jesp  saduIRRY

(panunuod) € 9qel



Farabaugh et al. Chiropractic & Manual Therapies (2024) 32:8 Page 20 of 26

Table 4 Summary of findings for chiropractic management vs medical management, by year of publication

Publication year Study design Summary

Bezdjian [29] 2022 cO DC trained in Primary Spine Care—decreased:
Hospitalization
Opioid prescription fill
ESI
Specialist referral
Diagnostic imaging
Surgery
Harwood [5] 2022 (&) DC as 1st provider—decreased:
Opioid and early opioid prescriptions
Total cost, but similar to PCMD
Out-of-pocket costs, but similar to PCMD
MRI/CT
1st provider—significantly less imaging and opioids
Jin [36] 2022 CcO DC or PT as 1st provider—decreased:
Long-term healthcare costs
Use of ESI
Long-term opioid use
Whedon [9] 2022 Cco DC care—decreased:
Escalation of care
Hospitalization
ESIand other interventional procedures
Advanced diagnostic imaging
Specialist visit/referral

ED visit
Whedon [46] 2022 Co DC care—decreased:

Likelihood of filling opioid prescription
Anderson [27] 2021 (@6 DC 1st provider—decreased

Diagnostic imaging
ESI/injection procedures
Surgery
Anderson [28] 2021 Cco DC care—decreased:
Escalation of care:
Imaging
ESI/injection procedures
ED
Surgery
Davis [30] 2021 (@6 DC care—decreased:
PCP, specialists, and surgeon visits for spine conditions
Spine surgery
Whedon [42] 2021 co DC care:
Increased LBP care long-term costs
Decreased total long-term costs
Whedon [43] 2021 Cco DC care—decreased:
Adverse drug events
Opioid dependence/abuse
Long term care
Louis [39] 2020 CO DC care—decreased:
Opioid use
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Publication year

Study design

Summary

Whedon [45]

Davis [31]

Kazis [37]

Rhon [12]

Elder [24]

Whedon [44]

Hong [33]

Fritz [32]

Hurwitz [34]

Hurwitz [35]

Weeks [40]
Weeks [41]

Leininger [52]

Keeney [26]

Graves [25]

Lilliedah! [38]

Grieves [47]

Haas [48]

2020

2019

2018

2018

2017

2015

2016

2016

2016
2016

2016

2013

2012

2010

2009

2005

co

co

co

co

pC

Cco

Cco

o

co

Cco

co
CS using RCT data

CS using RCT data

PCO

co

cs

cs

cs

DC care—decreased:

Risk of filling opioid prescription

DC care—decreased:

Spine-related medical procedures

Diagnostic imaging and testing

DC 1st provider—decreased:

Short and long-term opioid prescriptions

Manual therapy—decreased:

All costs, visits, and opioid prescriptions

DC care compared to usual care:

No statistically significant differences in costs

DC care—decreased:

Likelihood of filling opioid prescription and cost of opioids
DC care:

Utilization of low value diagnostic imaging slightly less than specialists but more than PCP

Clinician ownership of imaging equipment was a predictor of low value utilization
across clinician type

DC care:

Decreased advanced imaging

Decreased surgeon visits

Increased duration of episode of care

DC care—decreased:

Costs for uncomplicated or complicated neck pain
DC care—decreased:

Costs and episode length for uncomplicated LBP
Costs for complicated LBP when care involved referral providers or services
Higher DC costs (more usage) were associated with lower opioid prescriptions
DC care for chronic LBP episodes—decreased:
Overall costs of care

Episode duration

Cost per episode

DC care

Decreased advanced imaging

Decreased surgeon visits

Decreased total healthcare costs

Decreased lost productivity costs

Increased duration of episode of care

DC 1st provider—decreased:

Back surgery

DC care—decreased:

Cost of episodes

DC 1st provider—decreased:

Overall episode costs

DC care:

Increased office costs

Approximately equal total costs for DC and MD when excluding costs of advanced imaging
and referrals

DC care:
Increased office costs when excluding referrals
DC and MD costs not significantly different when including referrals
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Table 4 (continued)

Publication year Study design Summary
Kominski [50] 2005 CSusing RCT data  Excluding pharmaceutical data, adjusted mean outpatient costs greater for MD with PT,
followed by DC with modalities and DC alone; MD alone lowest cost
Nelson [54] 2005 (@) DC care—decreased:

Advanced imaging
Surgery
Hospitalization
Plain film imaging
Legorreta [S1] 2004 CS DC care—decreased:
PMPY costs
Hospital days
MRI'and other imaging
Surgery
Phelan [55] 2004 CS DC care—decreased:
Mean costs low back injury
Compensation payments
Mean lost workdays
Mean total claim cost (including compensation)
Utilization of medical ancillary services
Hospitalization costs
Stano [61] 2002 CS DC care:

Increased mean office costs, when excluding costs of referral treatment, surgery, post-
surgical care and advanced imaging

Cherkin [63] 1998 RCT DC and PT care (McKenzie only) approximately equal and higher than cost of booklet
Smith [57] 1997 cs DC care—decreased:

Total insurance payments

Patients with recurrent episodes tend to return to DC care
Mosley [53] 1996 cs DC care—decreased:

Overall costs per patient

Imaging rate and cost per patient

Prescriptions and prescription costs per patient
Stano [62] 1996 cs DC care:

Decreased total payments for first episodes

Increased episode length

Carey [23] 1995 PCO DC care:
Increased cost per episode
Shekelle [56] 1995 CS DC care:

Increased cost/episode
Approximately equal costs per visit with PCMD

Stano [60] 1994 cS DC care—decreased:
Overall costs due to decreased hospitalization
Stano [59] 1993 episode analysis CS DC or PCP care—decreased:

Hospital admissions
DC care—decreased:
Episode costs

Stano [58] 1993 (@) DC care—decreased:
Healthcare costs
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Table 4 (continued)

Page 23 of 26

Publication year Study design Summary

Jarvis [49]

1991

(&) DC care:

Increased num

ber of office visits/case

Decreased work-time loss compensation

Decreased total cost per case

Decreased cost per office visit

CT Computer tomography; DC Chiropractor or chiropractic care; LBP Low back pain; MD Medical physician or medical care; MRl Magnetic resonance imaging; PCP/
PCMD Primary care medical physician; PMPY Per member per year; PT Physical therapist or physical therapy care

Table 5 Association of chiropractic care with factors affecting costs, by study

Tupes of Cost | Factors Affecling Cost |
&
S g & &
& 7 e‘:‘gf F @g@ & 9? & & 7
& A g’*& £ &R & S W
‘9&\' @’9 o/ Q@G) ‘Oi‘e 906 QQ'? ;-t\ & R =y %
& g8 /& & & 5 &
Bezdjian (23) 2022
Harwood (S) 2022
Jin (36) 2022
‘whedon (3) 2022
Anderson (27) 2021
Anderson (28) 2021
Davis (30) 2021
Whedon (42) 2021 | [
Louis (39) 2020
Davis (31) 2013 H
Kazis (37) 2013 |
Rhon (12) 2013
Hong (33) 2017
Fritz (32) 2016
Hurwitz (35) 2016
Leininger (52) 2016
‘\Weeks (40) 2016
‘Weeks (41) 2016
Keeney (26) 2013
Graves (25) 2012
Liliedshl (38) 2010 H
Grieves (47) 2003
Haas (48) 2005
MNelson (54) 2005
Legorreta (S1) 2004
Phelan (55) 2004
Stano (61) 2002
Smith (57) 1337
Mosely (53] 1936 |
Stano (62) 1336
Carey (23) 1935
Shekelle (S6) 1335
Stano (58) 1333
Stano (59) 1993 H
Jarvis (49) 1991

Green = chiropractic associated with either lower cost OR lower utilization

Yellow = cost OR utilization did not significantly differ between groups

Red = chiropractic associated either higher cost OR higher utilization

White =study did not evaluate this cost type OR utilization
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overdoses and addiction, is another important emerg-
ing concept in the literature. We found that 10 studies
published since the U.S. government declared the opioid
epidemic in 2017 found reduced dispensing of opioid
prescriptions when DCs were the first provider [5, 12, 29,
36, 37, 39, 43—46]. Only one study published in the earlier
time period (1991-2017) included opioid prescribing as a
comparison [41].

Overall, as summarized in Table 4, diagnostic imag-
ing, opioid utilization, surgery, hospitalizations, injection
procedures, specialist visits and emergency department
visits were all reduced where chiropractors were involved
early in the case. We did not subcategorize the patient
populations (e.g., general population, Medicare, insur-
ance claims) within any of tables.

Limitations of the study

First, most of the included studies were retrospective
cohort studies using large databases. Observational stud-
ies can only show associations, not prove causation, so
definitive conclusions cannot be made about costs. How-
ever, their findings were so consistent that they warrant
further scrutiny using higher-level study designs. Second,
most of the included studies were retrospective cohort
studies and therefore not the highest level of evidence.
Third, we did not use any single validated checklist to
assess study quality. We evaluated several checklists (e.g.,
SIGN, CHESS, MMAT) before determining that modi-
fication of validated checklists was necessary. Existing
checklists seemed better-suited to prospective cohort
designs and not as well-suited to the included retrospec-
tive cohort designs. The included studies were so variable
in design and patient populations that it was not possible
to pool the results for meta-analysis. Fourth, some large
established datasets contained limited cost outcome vari-
ables. This made important factors such as pharmaceu-
tical use and costs unavailable if they were not included
in the dataset. Fifth, some observational studies using
claims data and electronic health records do not pro-
vide enough detailed clinical information to determine
whether opioid prescriptions were filled, or if filled, were
actually used by the patient. Lastly, we searched only the
MEDLINE database, and it is possible we missed other
relevant articles not indexed there.

Strengths
Although there are few randomized controlled trials
available on this topic, there were many well-conducted
cohort studies that provided analyses of large datasets
with cost and care data identified by provider type.

While there are certainly other factors affecting cost
of care, this paper included the most common cost esca-
lators associated with typical care for LBP, including
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opioids, injection procedures, surgery, specialist visits
and emergency department visits.

Based on the substantial body of evidence published
since 1991, a trend is developing in US healthcare sys-
tems to include chiropractors as an integral part of the
medical/healthcare team, as exemplified by the Veterans
Administration (VA) chiropractic clinics across the coun-
try [65, 66].

Recommendations. When considering this evidence,
it may be in society’s best interest for U.S. healthcare
organizations and governmental agencies to consider
modifying benefit designs to reduce barriers to access
to chiropractic providers. Modifying or eliminating pre-
authorization requirements, medical doctor gatekeepers,
arbitrary visit limits, co-pays and deductibles may all be
considered. Eliminating these barriers would allow easier
access to chiropractic services, which based on currently
available evidence consistently demonstrate reduced
downstream services and associated costs.

Conclusion

Patients with spine-related musculoskeletal pain who
consulted a chiropractor as their initial provider incurred
substantially decreased downstream healthcare services
and associated costs, resulting in lower overall healthcare
costs compared with medical management. A primary
limitation was related to the heterogeneity and sam-
ple sizes of the populations and retrospective data sets.
While observational studies cannot prove causation, the
recurrent theme of the data seems to support the utiliza-
tion of chiropractors as the initial provider for an episode
of spine-related musculoskeletal pain. Future studies
using randomized designs will be helpful in clarifying
and validating this trend.
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