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Abstract

Background Few trials have directly evaluated outcomes of adding chiropractic care to usual medical care, and
prior work has been limited to short-term follow-up. The objective of this work is to address these gaps by evaluating
outcomes from the addition of chiropractic care to usual medical care in active-duty U.S. military members with low
back pain (LBP) over 52 weeks.

Methods A multi-site, pragmatic clinical trial allocated 750 U.S. active-duty military personnel with LBP to usual
medical care plus chiropractic care or usual medical care alone with the primary endpoint at 12 weeks. The final 154
participants enrolled in the study were asked to provide longer-term follow-up data. We used inverse probability
weighting to account for missing outcome data and analyzed data using linear mixed-effects regression models over
all follow-up time points. We report between-group mean differences at 12 and 52 weeks adjusted by baseline age,
sex, site, pain duration, worst pain intensity, and interaction terms for site differences by group over time. Primary
outcomes were disability (Roland-Morris Disability Questionnaire: RMDQ) and pain intensity (NRS). Secondary
outcomes were PROMIS-29: pain interference, physical function, fatigue, sleep disturbance, and social role.

Results A total of 144 participants provided outcome data after 12 weeks. Overall, the mean participant age was 33
years, 113 (78%) were male, 54 (38%) were non-white race, 18 (13%) were Hispanic or Latino ethnicity, and 71 (49%)
had chronic LBP. At 12 weeks, moderate between-group difference in RMDQ (2.2 points, 95% Cl 0.4 to 4.0) favored
chiropractic care with small difference in NRS (0.6, -0.1 to 1.2). At 52 weeks, RMDQ difference was small (1.7,-0.2 to 3.7)
and NRS difference was negligible (0.2,-0.5 to 1.0). Improvement in PROMIS domains varied, with many diminishing
over the course of follow-up; sleep disturbance demonstrated the greatest longer-term difference in improvement at
52 weeks (3.6,0.5t0 6.7).

Conclusions Adding chiropractic care to usual medical care for active-duty U.S. military members with low back pain
resulted in a small difference in pain-related disability and a meaningful difference in sleep disturbance but not pain
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intensity at 52 weeks. Differences in pain interference, physical function, and social role estimates also favored the

addition of chiropractic care over the longer-term follow-up.

Trial Registration This trial was first posted for registration on clinicaltrials.gov (NCT01692275) on 09/06/12.
Keywords Pragmatic clinical trial, Chiropractic, Pain management, Back pain, Complementary therapies

Introduction

Low back pain (LBP) results in immense societal costs; it
is a leading cause of global disability [1] and U.S. health-
care spending [2]. LBP is highly prevalent among people
with different sociodemographic characteristics, includ-
ing U.S. military members, for whom LBP has been the
leading cause of medical visits for more than 10 years [3—
13]. This can likely be attributed to overuse injuries and
the high physical burden of military training and opera-
tions [14].

Treatment guidelines for low back pain in U.S. mili-
tary members [15] are similar to those of the general
population [16], emphasizing noninvasive and nonphar-
macological interventions as first-line therapies. Recom-
mended interventions include exercise, heat, massage,
spinal manipulation, other mind-body therapies, such
as mindfulness-based stress reduction, tai chi, yoga,
and progressive relaxation [16]. These interventions are
delivered by a variety of practitioners, including medical
physicians, physical therapists, and chiropractors, with
guidelines recommending integrative, team-based care
[15].

Though team-based care is recommended, effects
attributable to combining care from multiple provid-
ers are not well understood. Few studies have evaluated
both short term and longer term effects of adding chiro-
practic care to usual medical care [17]. The longer-term
benefit of spinal manipulation, the signature intervention
of chiropractic care, compared to other recommended
therapies has previously been reported to diminish by
52 weeks [18]. However, chiropractic care is typically
delivered as a multimodal combination of interventions
including patient education and self-management strat-
egies, active interventions such as exercise, and passive
interventions such as spinal manipulation and other
manual therapies [19-21]. Evaluating longer-term out-
comes of adding chiropractic care to usual medical care
in a pragmatic setting is required to better inform out-
come expectations for U.S. military personnel with LBP.

A pragmatic clinical trial addressed this gap by evaluat-
ing the effect of adding chiropractic care to usual medical
care for U.S. military members with low back pain. Study
authors found a moderate difference in improvement in
pain-related disability at the end of 6-weeks of care [22,
23]. The original trial design included follow-up 12 weeks
after baseline [22] predicated on anticipated combat
deployment of sample participants. Because a 12-week

follow-up period limits the ability to draw conclusions
about longer-term effects, additional follow-up over
52 weeks was added during later stages of recruitment.
The objective of this work is to evaluate and report pain-
related and quality of life outcomes of chiropractic care
added to usual medical care for active-duty U.S. military
members with low back pain using data from a subsam-
ple of this pragmatic clinical trial.

Methods

Trial design, setting, and participants

The trial was prospectively registered (ClinicalTrials.gov
identifier: NCT01692275) and the protocol was previ-
ously published [22]. The trial was a multi-site pragmatic
clinical trial comparing the effects of usual medical care
plus chiropractic care vs. usual medical care alone for
U.S. active-duty military personnel with LBP. The trial
recruited 750 active-duty military personnel, including
250 at each of 3 different military treatment facilities:
Walter Reed in Bethesda, Maryland; Naval Hospital in
Pensacola, Florida; and the Naval Medical Center in San
Diego, California. The trial protocol included a follow-
up duration of 12 weeks after enrollment, of which the
primary [23] and secondary [24] results have been pre-
viously published. The final 154 of the 750 enrolled par-
ticipants consented to provide follow-up data over 52
weeks after enrollment. This included only participants
from the Bethesda and Pensacola sites who enrolled
between October 2014 and November 2015, the end of
enrollment.

The trial protocol and longer-term follow-up amend-
ment were approved by institutional review boards at
each site and the trial was overseen by an independent
data and safety monitoring committee. All participants
provided written informed consent. No compensation
was given for participation. Medical physicians at the
military treatment facilities referred patients with low
back pain to the trial and performed examination and
screening prior to participant enrollment. Participants
were included in the trial if they were an active-duty mili-
tary member reporting low back pain and aged 18-50
years. Participants were excluded for non-musculoskele-
tal pain, contraindication to spinal manipulation, recent
spine fracture, recent spine surgery, diagnosis of post-
traumatic stress disorder, or radiculopathy requiring fur-
ther evaluation or referral.
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Interventions

Both usual medical care and chiropractic care were deliv-
ered as usual in the military treatment facilities. Care
was not dictated by trial procedures. Usual medical care
included the treatment of LBP by military medical phy-
sicians and was provided to participants in both trial
arms. Usual medical care interventions delivered during
the trial included education and self-management strate-
gies, medications, and referral to other providers such as
physical therapists or to pain management clinics. Chi-
ropractic care in the trial included 6 weeks of care with
up to 12 visits with an on-site chiropractic clinician. A
description of the component interventions and diagno-
ses of chiropractic care delivered to trial participants has
been previously reported [21]. Common interventions of
chiropractic care included treatment of the low back and
surrounding area with spinal manipulation, therapeutic
exercise, hot/cold packs, and electrical muscle stimula-
tion [21].

Outcomes

The outcomes for this secondary analysis follow the
design of the trial and were specified in a pre-registered
analysis plan [25]. The primary outcomes of interest are
pain-related disability measured with the 0-24 Roland-
Morris Disability Questionnaire (RMDQ) [26] and
average low back pain intensity in the previous week mea-
sured with a 0—10 numerical rating scale (NRS) [27]. The
secondary outcomes of interest are the Patient-Reported
Outcomes Measurement Information System (PRO-
MIS)-29 [28] v1.0 domains of pain interference, physical
function, fatigue, sleep disturbance, and social role. Pre-
vious work reported a low frequency of PROMIS-29 anx-
iety and depression symptoms in this trial sample which
led to a skewed distribution which did not fulfill regres-
sion assumptions [29, 30]. Therefore, we did not analyze
PROMIS-29 anxiety and depression outcomes for this
sample. Outcomes were collected through an online data
capture system which was supplemented by computer
assisted telephone interviews, if needed. RMDQ and
NRS were collected at baseline and weeks 2, 4, 6, 12, 26,
40, and 52 and PROMIS-29 was collected at baseline and
weeks 6, 12, 26, 40, and 52. PROMIS outcome domains
of physical function and social role were transformed by
taking 100-(T-Score) to make a higher score indicative of
worse health across all PROMIS domains.

Sample size

The trial was powered to evaluate meaningful differences
in the primary outcomes of RMDQ and NRS at 3 sites,
enrolling 250 participants each. Prior to data analysis,
we used standard deviations and correlation coefficients
from the full trial sample to conduct a power analysis
for 3 outcomes to determine the effect sizes at which we
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would have at least 80% power to detect between-group
differences at alpha=0.05 in mixed-effects models for a
154-participant sample. RMDQ was estimated to be 2.5
points at week 12 and 2.6 points at week 52. Pain inten-
sity was estimated to be 1.1 points at weeks 12 and 52.
PROMIS pain interference estimated to be 4.2 points at
week 12 and 3.9 points at week 52. Recommended effect
magnitude classifications for between-group differences
include 1-2 points (small) and 2-5 points (moderate) for
RMDQ,'¢ 0.5-1.0 points (small) and 1.0-2.0 points (mod-
erate) for NRS,'® and 2—-6 T-Score points for meaningful
change in PROMIS measures [31].

Randomization and allocation

Participants were randomly allocated 1:1, stratified by
site, to the intervention trial arms of usual medical care
plus chiropractic care or usual medical care alone using
a computer-generated, adaptive, minimization algorithm.
The algorithm balanced trial arms on participant char-
acteristics of baseline age, sex, LBP duration, and pain
intensity (worst in past 24 h). Allocation was concealed
to participants and study personnel until after screening
and enrollment in the trial.

Blinding
Blinding of participants and trial clinicians was not pos-
sible in the trial design. This analysis was not blinded.

Statistical analysis
We used SAS v9.4 (SAS Institute Inc., Cary, NC) to
model each outcome in separate linear mixed-effects
regression models over baseline and all follow-up time
points. We followed the intent-to-treat principle analyz-
ing participant data as assigned. Models included terms
to adjust estimates by the allocation minimization covari-
ates of baseline sex, age, pain intensity, and LBP duration
and we included terms in the model for time, group and
site as fixed effects and repeated measures of participants
as random effects. We compared models with and with-
out the three-way interaction term time*group*site and
found this impacted some model estimates and improved
model fit. Therefore, we included the three-way interac-
tion in our models and report model estimates overall
and by site. The primary endpoints of interest were 12
and 52 weeks. We report adjusted between-group mean
differences and 95% confidence intervals from the mod-
els. Between-group mean differences were calculated in
mixed effects models by taking UMC group — UMC + CC
group, making a positive value indicative of a better out-
come in the UMC + CC group. We also provide graphics
of outcomes over time by site.

We performed sensitivity analyses to examine the
effects of missing outcome data on results. We generated
25 datasets with multiple imputation under the missing
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at random assumption with chained equations using
the previously described linear mixed-effects regression
models. We then combined the results of the imputa-
tions and compared these to estimates of models using
all observed data. For several outcomes, missing data
substantially changed the effect estimates. Therefore, we
chose to use a weighting procedure to create a complete
dataset for statistical analysis.

We used an inverse probability weighting method for
missing longitudinal data [32-34]. We first modelled
the probability of missing data for each outcome using
logistic regression and a stepwise covariate selection
process with a conservative alpha=0.25 for entrance
and removal. We included the model covariates of time,
group, site, sex, age, worst pain intensity, and LBP dura-
tion and used the stepwise selection process to assess the
baseline covariates of race, ethnicity, RMDQ, NRS, and
PROMIS outcome domains. These baseline characteristic
variables were chosen to be assessed based on expecta-
tion of relatedness to missingness. We used linear mixed-
effects regression models weighted by the inverse of the
probability of missingness to generate predicted values
for missing outcomes. Missing outcomes were replaced
with these predicted values to generate a dataset consist-
ing of complete data for all outcomes at all time points.

Results
Participants and treatment visits
A flow diagram for the trial is shown in Fig. 1. Of the
750 total participants, 154 enrolled after the longer-term
follow-up was added to the protocol in 9/2014. Miss-
ing data varied by follow-up time point. There was no
missing baseline data and there were more missing data
at later follow-up time points than at 6 and 12 weeks.
At 12 weeks or later, non-missing outcome data for
RMDQ and NRS ranged from 64 to 76% and from 42 to
86%. for PROMIS outcomes. In each trial arm, 2 partici-
pants withdrew and 3 were lost to follow-up before the
12-week follow-up and were excluded from this analysis.
The result was an analysis of data from 144 participants.
Table 1 shows baseline participant data overall and
by site for the 144 participants included in this analysis.
Fifty-one of the participants were enrolled at the Pensac-
ola site and 93 at Bethesda. The mean participant age was
33 years, 113 (78%) were male, 54 (38%) were non-white
race, 18 (13%) were Hispanic or Latino ethnicity, and 71
(49%) had chronic LBP. However, baseline characteristics
varied by site, with participants at the Pensacola site were
younger with a higher percentage of male sex and white
race. Participants reported moderate to high LBP-related
disability, high pain interference, but less anxiety and
depression symptoms than the general population (mean
T-Scores<50) and fatigue symptoms approximately
equivalent to the general population (mean T-Score = 50).
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Baseline measures were similar for most variables
between trial arms and were consistent with baseline
characteristics reported for the full trial sample [23].

Outcomes

Table 2 displays the between-group mean differences and
95% confidence intervals for each outcome by site and
overall, at 12 and 52 weeks. Figures 2, 3, 4, 5, 6, 7 and 8
show the estimated means at each outcome by site across
all time points. Overall, between-group mean difference
in RMDQ favored the UMC + CC group at weeks 12 and
52. The overall difference in NRS at week 12 was small
in magnitude and diminished to a negligible difference at
week 52. Overall, 12-week mean differences were noted
for PROMIS pain interference (4.0 points, 95% CI 1.6 to
6.5) and social role (3.8 points, 95% CI 0.9 to 6.7). Com-
pared to 12 weeks, mean differences at 52 weeks were
smaller for pain interference (2.3 points, 95% CI -0.7 to
5.2) and social role (2.1 points, 95% CI -0.5 to 4.7), but
were larger for physical function (2.1 points, 95% CI -0.8
to 4.9) and sleep disturbance (3.6 points, 95% CI 0.5 to
6.7).

Discussion

We found that adding chiropractic care to usual medical
care resulted in moderate improvement in pain-related
disability and small improvement in pain intensity in
the short-term. These findings are consistent with those
reported in the original analysis of 6 and 12 week out-
comes from the entire 750 participant sample [23]. At
52 weeks, however, we found a small difference in pain-
related disability and negligible difference in pain inten-
sity. For PROMIS domains, differences favoring the
addition of chiropractic care for pain interference and
social role reduced over the course of longer-term follow-
up. The greatest longer-term difference in PROMIS-29
domains was for sleep disturbance, which showed a
meaningful difference at 52 weeks. Previous work from
this trial also reported short-term improvement in sleep
disturbance [24]. Our finding that this benefit was sus-
tained at 52 weeks is potentially important given the
established relationship between sleep quality and mus-
culoskeletal pain in the military [35] and beyond [36—
41]. Further study of the effect of chiropractic care on
sleep quality is needed to determine if our findings are
reproducible.

Active-duty military enrolled in the trial reported
very few mental health symptoms at baseline. The mean
PROMIS anxiety and depression T-Scores were bet-
ter than the general population average as indicated by
T-Scores <50. While it is possible that a young and physi-
cally active population, characteristic of U.S. active-duty
military, may experience less mental health symptoms,
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[ Enrollment ]

Entire Trial Sample
(n=750)

Allocated after longer-
term follow-up added
(10/2014-11/2015)
(n=154)

v

Allocated to Usual Medical Care plus
Chiropractic Care (n=77)

l

Allocated to Usual Medical Care Alone
(n=77)

+ Received allocated intervention (n=70)
+ Did not receive chiropractic care (n=1)

[ Allocation ]

+ Received allocated intervention (n=72)
+ Did not receive usual medical care (n=3)

+ Did not receive usual medical care (n=5)
+ Did not receive usual medical care or
chiropractic care (n=1)

\ 4
Completed 12-Wk Assessment (n=59)

Withdrew (n=2)
Lost to follow-up (n=3)

+ Received chiropractic care (n=2)

\ 4
Completed 12-Wk Assessment (n=64)
Withdrew (n=2)
Lost to follow-up (n=3)

Completed 26-Wk Assessment (n=46)
Lost to follow-up (n=6)

[ Follow-up ]

Completed 26-Wk Assessment (n=46)
Lost to follow-up (n=8)

Completed 40-Wk Assessment (n=51)
Lost to follow-up (n=1)
Completed 52-Wk Assessment (n=61)

Completed 40-Wk Assessment (n=54)
Lost to follow-up (n=2)
Completed 52-Wk Assessment (n=55)

Analyzed (n=72)
* Excluded from analysis (n=5)

[ Analysis ]

Analyzed (n=72)
* Excluded from analysis (n=5)

Fig. 1 CONSORT flow diagram for participant inclusion

it is widely recognized that mental health symptoms are
underreported by U.S. military members [42—-44]. Future
study of populations reporting mental health symptoms
is needed to better understand longer-term effects of chi-
ropractic care on mental health.

Chiropractic care delivered to trial participants
included a number of nonpharmacological interventions,
most commonly spinal manipulation and therapeutic
exercise [21]. Compared to usual care, a combination of
patient reassurance, recommendations on exercise and

avoiding passive treatments, over the counter pain medi-
cation, and spinal manipulation delivered by chiroprac-
tors has led to greater improvement in functioning, but
not pain [45]. In a more direct comparison to the popu-
lation studied in our trial, previous work has shown that
U.S. military members with LBP receiving early treat-
ment with nonpharmacological approaches, including
chiropractic care, achieve greater improvement in func-
tion one year after initiation of care compared to treat-
ment without early nonpharmacological approaches [46].
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Table 1 Baseline characteristics of participants receiving usual medical care plus chiropractic care vs. usual medical care alone by
study site and overall (n=144)

Bethesda Pensacola Overall
UMC+CC uMmc UMC+CC uMc UMC+CC uMmc
(n=47) (n=46) (n=25) (n=26) (n=72) (n=72)
Age, years, mean (range) 351 34.1 28.1 30.1 32.7 32.7
(20-49) (21-50) (18-44) (18-50) (18-49) (18-50)
Male, n (%) 34(72) 34 (74) 23 (92) 22 (85) 57 (79) 56 (78)
Race, n (%)
White 23 (49) 23 (50) 21(84) 23(88) 44 (61) 46 (64)
Black or African American 12 (26) 16 (35) 4(16) 2(8) 16 (22) 18 (25)
Other/Unspecified 12 (26) 7(15) 0 (0) 14 12(017) 8(11)
Hispanic or Latino 501 6(13) 2(8) 7(27) 7 (10) 13(18)
LBP duration, n (%)
Acute (<3 months) 22 (47) 19 (41) 16 (64) 16 (62) 38(53) 35 (49)
Chronic (=3 months) 25 (53) 27 (59) 9 (36) 10 (38) 34 (47) 37(51)
RMDQ, 0-24, mean (SD) 9.1(5.8) 10.0 (5.9) 10.0 (6.5) 11.2(5.1) 94 (6.0) 104 (5.7)
Pain intensity, 0-10, mean (SD) 39(1.5) 4.1(1.8) 48(1.9) 48(2.1) 42(01.7) 43(1.9)
PROMIS, T-Score, mean (SD)
Pain Interference 59.1(7.8) 588 (7.6) 61.7(7.2) 61.2(7.1) 60.0 (7.6) 59.7(7.5)
Physical Function* 55.2 (8.0) 55.8 (6.4) 589 (54) 584 (6.1) 56.5 (7.4) 56.8 (6.4)
Sleep Disturbance 556(7.2) 53.0(7.1) 54.7 (6.2) 55.3(10.3) 55.3(6.9) 53.8(84)
Fatigue 51.2(10.2) 50.8 (9.5) 52.8(10.3) 50.7 (12.8) 51.7(10.2) 50.7 (10.7)
Anxiety 45,6 (6.9) 448 (7.0) 47.2(7.4) 48.8(10.6) 46.2 (7.0) 46.2 (8.6)
Depression 445 (5.6) 424 (3.8) 442 (5.5) 453 (8.8) 44.4 (5.5) 434 (6.2)
Social Role* 54.0(9.0) 53.6(87) 534(6.9) 57.6(9.8) 53.8(8.3) 55.1(9.3)

UMC+CC Usual Medical Care plus Chiropractic Care, UMC Usual Medical Care Alone, RMDQ Roland-Morris Disability Questionnaire
*PROMIS physical function and social role are transformed by 100-(T-Score), making a higher value indicative of worse health

Table 2 Between-group mean differences and 95% confidence intervals by site and overall at the primary endpoints of weeks 12 and

52
Outcome Bethesda (n=93) Pensacola (n=51) Overall (n=144)

Week Mean Difference Mean Difference Mean Difference
RMDQ 12 2.2 (00410 43) 2.1 (-08105.0) 2.2 (0410 40)

52 23(0.0210 46) 2(-19t043) 7(-02t03.7)
NRS 12 05(-02t01.3) 6(-04101.6) 6(-0.1101.2)

52 701(71Ot008) 6(-07101.8) 2(-05t0 1.0)
PROMIS: 12 6(-03t05.5) 5(1.5t094) 0(16t065)
Pain Interference 52 3(-21t048) 2(-161079) 3(-07t052)
PROMIS: 12 (15to42) 5(-331t043) 9(-1410323)
Physical Function 52 6(-181050) 6(-20107.1) 1(-081049)
PROMIS: 12 5(-3.6104.6) 4(-521060) 4(-3.1103.9)
Fatigue 52 -1 7(»69t036) 4(3.710105) 9 (-361053)
PROMIS: 12 1(-13t054) 0(-351056) 5(-13t044)
Sleep Disturbance 52 3(-041070) 9(-1.11088) 6(05t06.7)
PROMIS: 12 6(01t07.1) 0(-071087) 8(09t06.7)
Social Role 52 9(-1.11050) 23(-191064) 2.1 (-05t04.7)

A positive value favors the usual medical care plus chiropractlc care group; Difference by site is difference in group*site*time interaction term; Overall difference is
difference in group*time interaction term

RMDQ Roland Morris Disability Questionnaire, NRS Numerical pain rating scale

Work comparing spinal manipulation to back school Interventions requiring a greater number of clinic visits
and individualized physiotherapy in an outpatient reha- may pose an implementation challenge for military treat-
bilitation setting reported greater improvement in func-  ment facilities, where U.S. military members have limited
tion and pain at 52 weeks with spinal manipulation, access to follow-up care for LBP [48]. As a consequence
but with a substantially greater number of visits [47].  of limited access, care for U.S. military members with
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Fig. 7 Within-group mean for PROMIS: sleep disturbance (T-Score) overall and by site at each follow-up time point. UMC: Usual Medical Care Alone;
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Fig. 8 Within-group mean for transformed PROMIS: satisfaction with participation in social role (100-(T-Score)) overall and by site at each follow-up time
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LBP is largely delivered outside of military treatment
facilities through coverage provided by TRICARE. How-
ever, TRICARE does not cover chiropractic care [49]. A
strength of our pragmatic trial design is that it evaluated
outcomes with the addition of chiropractic care to usual
medical care in military treatment facilities, the current
mode through which U.S. military personnel receive cov-
ered chiropractic care.

This study provides additional evidence that care deliv-
ered by chiropractors is an effective approach for pro-
ducing small to moderate effects on outcomes in the
treatment of LBP. Results further suggest that active-
duty military personnel receiving chiropractic care in
military treatment facilities have improved quality of
life outcomes in the short and longer term. Barriers to
implementing these findings include a limited number
of chiropractors employed in military treatment facilities
and a lack of TRICARE coverage for chiropractic care in
the private sector. Health policy changes are necessary to
address barriers to chiropractic care access for delivery at
scale.

Limitations

This secondary analysis was not powered to detect small
differences that are typical of nonpharmacological inter-
ventions for pain. The power calculation conducted
prior to our analysis suggested the sample would provide
power to detect moderate between-group differences for
the outcomes. Our effect estimates for the 52-week out-
comes of pain interference, physical function, and social
role were just above 2 T-Score points, the lower thresh-
old of suggested meaningful difference for PROMIS mea-
sures [31].

There was substantial missing outcome data in the
longer-term follow-up due to this trial being conducted
in a mobile active-duty military population. Rather than
reporting only complete cases, we followed a process of
assessing the effects of missing data on effect estimates.
To address bias associated with missing outcome data,
we used a conservative approach in selecting covariates
and replacing missing outcome values before analyzing a
complete dataset [50].

Health care utilization during the longer-term follow-
up was not collected, limiting the ability to assess differ-
ences in care seeking over the longer-term. There was
a possibility of cross-contamination over the course of
follow-up, whereby participants could have received care
that was beyond the scope of the intervention assigned
in the trial. Possible contributors to site differences
include structural barriers, e.g. access to care or resource
availability constraining the number of healthcare vis-
its, varying clinician approach, and/or varying patient
characteristics, among others. Future research aimed at
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differentiating these factors could be used to inform a
more optimal approach to chiropractic care.

Conclusions

Adding chiropractic care to usual medical care for active-
duty U.S. military members with low back pain resulted
in a small difference in pain-related disability and a
meaningful difference in sleep disturbance but not pain
intensity at 52 weeks. Differences in pain interference,
physical function, and social role estimates also favored
the addition of chiropractic care over the longer-term
follow-up.

Authors’ contributions

ZKS wrote the main manuscript text and prepared the figures and tables.
ZKS, CRL, and JM contributed to the data analysis. CRL, RDV, JAW, IDC, and
CMG contributed to the study concept development and design. All authors
reviewed the manuscript and contributed significantly to revision of the
manuscript.

Funding

This clinical trial was supported by grant W81XWH-11-2-0107 from the
Congressionally Directed Medical Research Program, US Army, US Department
of Defense. Zacariah Shannon was supported during this work by National
Institutes of Health/National Center for Complementary and Integrative
Health Loan Repayment Grant: L30AT013015. The content is solely the
responsibility of the authors and does not necessarily represent the official
views of the National Institutes of Health nor reflect the position or policy of
the U.S. Department of Defense or the United States Government.

Data availability
The dataset analyzed in the current study is available from Palmer College of
Chiropractic, on reasonable request.

Declarations

Ethics approval and consent to participate

The trial was approved by Institutional Review Boards of Walter Reed
National Military Medical Center Bethesda, Naval Hospital Pensacola, Florida,
and Palmer College of Chiropractic, and the Human Subjects Protection
Committee of the RAND Corporation. The trial was conducted in compliance
with the Helsinki Declaration, was overseen by an independent data and
safety monitoring committee, and all participants provided written informed
consent.

Competing interests
The authors declare no competing interests.

Author details

"Palmer College of Chiropractic, Davenport, 1A, USA
2Independent researcher, Silver Spring, MD, , USA
3RAND Corporation, Santa Monica, CA, USA

“Duke University School of Medicine, Durham, NC, USA

Received: 17 June 2025 / Accepted: 12 March 2026
Published online: 07 April 2026

References

1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Global,
regional, and national incidence, prevalence, and years lived with disability
for 354 diseases and injuries for 195 countries and territories, 1990-2017: a
systematic analysis for the Global Burden of Disease Study 2017. Lancet Lond
Engl. 2018;392(10159):1789-858. https://doi.org/10.1016/S0140-6736(18)322
79-7.


https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/S0140-6736(18)32279-7

Shannon et al. BMC Complementary Medicine and Therapies

20.

21.

22.

Dieleman JL, Cao J, Chapin A, et al. US health care spending by Payer and
Health Condition, 1996-2016. JAMA. 2020;323(9):863-84. https://doi.org/10.1
001/jama.2020.0734.

Yuan X, PavV, Colahan C, et al. Active duty service members newly
presenting with low back pain in fiscal year 2017: health care utilization,
access to care, and private sector costs over 2-year follow-up. Mil Med.
2023;188(7-8):2387-96.

Armed Forces Health Surveillance Center (AFHSC). Absolute and relative
morbidity burdens attributable to various illnesses and injuries, U.S. Armed
Forces, 2014. MSMR. 2015;22(4):5-10.

Armed Forces Health Surveillance Branch. Absolute and relative morbidity
burdens attributable to various ilinesses and injuries, active component, U.S.
Armed Forces, 2015. MSMR. 2016;23(4):2-7.

Armed Forces Health Surveillance Branch. Absolute and relative morbidity
burdens attributable to various illnesses and injuries, active component, U.S.
Armed Forces, 2016. MSMR. 2017,24(4):2-8.

Armed Forces Health Surveillance Branch. Absolute and relative morbidity
burdens attributable to various ilinesses and injuries, active component, U.S.
Armed Forces, 2017. MSMR. 2018;25(5):2-9.

Absolute. relative morbidity burdens attributable to various illnesses and
injuries, active component, US. Armed Forces, 2018. MSMR. 2019;26(5):2-10.
Absolute. relative morbidity burdens attributable to various illnesses and
injuries, active component, US. Armed Forces, 2019. MSMR. 2020;27(5):2-9.
Absolute and relative morbidity burdens attributable to various illnesses and
injuries, active component, US. Armed Forces, 2020. MSMR. 2021;28(5):2-9.
Armed Forces Health Surveillance Division. Absolute and relative morbidity
burdens attributable to various illnesses and injuries, active component, U.S.
Armed Forces, 2021. MSMR. 2022;29(6):2-9.

Armed Forces Health Surveillance Division. Absolute and Relative Morbidity
Burdens Attributable to Various llilnesses and Injuries Among Active Compo-
nent Members, US. Armed Forces, 2022. MSMR. 2023,;30(6):3-11.

Armed Forces Health Surveillance Division. Absolute and relative morbidity
burdens attributable to various illnesses and injuries among active compo-
nent members of the U.S. Armed Forces, 2023. MSMR. 2024;31(6):2-10.
Hauret KG, Jones BH, Bullock SH, Canham-Chervak M, Canada S. Musculo-
skeletal Injuries: Description of an Under-Recognized Injury Problem Among
Military Personnel. Am J Prev Med. 2010;38(1, Supplement):561-70. https://d
oi.org/10.1016/j.amepre.2009.10.021.

Pangarkar SS, Kang DG, Sandbrink F, et al. VA/DoD Clinical Practice
Guideline: Diagnosis and Treatment of Low Back Pain. J Gen Intern Med.
2019;34(11):2620-9. https://doi.org/10.1007/511606-019-05086-4.

Qaseem A, Wilt TJ, McLean RM, Forciea MA, Clinical Guidelines Committee
of the American College of Physicians. Noninvasive Treatments for Acute,
Subacute, and Chronic Low Back Pain: A Clinical Practice Guideline From the
American College of Physicians. Ann Intern Med. 2017;166(7):514-30. https.//
doi.org/10.7326/M16-2367.

Blanchette MA, Stochkendahl MJ, Borges Da Silva R, Boruff J, Harrison P, Bus-
sieres A. Effectiveness and Economic Evaluation of Chiropractic Care for the
Treatment of Low Back Pain: A Systematic Review of Pragmatic Studies. PLoS
ONE. 2016;11(8):¢0160037. https://doi.org/10.1371/journal.pone.0160037.
Rubinstein SM, de Zoete A, van Middelkoop M, Assendelft WJJ, de Boer MR,
van Tulder MW Benefits and harms of spinal manipulative therapy for the
treatment of chronic low back pain: systematic review and meta-analysis of
randomised controlled trials. BMJ. 2019;364. . https://doi.org/10.1136/bmj.168
9.

Vining RD, Shannon ZK, Salsbury SA, Corber L, Minkalis AL, Goertz CM. Devel-
opment of a Clinical Decision Aid for Chiropractic Management of Common
Conditions Causing Low Back Pain in Veterans: Results of a Consensus
Process. J Manipulative Physiol Ther. 2019;42(9):677-93. https://doi.org/10.10
16/},jmpt.2019.03.000.

National Board of Chiropractic Examiners. Practice Analysis of Chiroprac-

tic. 2020. https://www.nbce.org/news/practice-analysis-of-chiropractic/.
Accessed December 18, 2023.

Ziegler AML, Shannon Z, Long CR, et al. Chiropractic Services and Diagnoses
for Low Back Pain in 3 U.S. Department of Defense Military Treatment Facili-
ties: A Secondary Analysis of a Pragmatic Clinical Trial. J Manipulative Physiol
Ther. 2021;44(9):690-8. https://doi.org/10.1016/jjmpt.2022.03.009.

Goertz CM, Long CR, Vining RD, et al. Assessment of chiropractic treatment
for active duty, U.S. military personnel with low back pain: study protocol for
a randomized controlled trial. Trials. 2016;17(1):70. https://doi.org/10.1186/51
3063-016-1193-8.

(2026) 26:185

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 15 of 16

Goertz CM, Long CR, Vining RD, Pohlman KA, Walter J, Coulter I. Effect of Usual
Medical Care Plus Chiropractic Care vs Usual Medical Care Alone on Pain and
Disability Among US Service Members With Low Back Pain: A Comparative
Effectiveness Clinical Trial. JAMA Netw Open. 2018;1(1):2180105-180105. http
s://doi.org/10.1001/jamanetworkopen.2018.0105.

Hays RD, Shannon ZK, Long CR, et al. Health-Related Quality of Life Among
United States Service Members with Low Back Pain Receiving Usual Care Plus
Chiropractic Care vs Usual Care Alone: Secondary Outcomes of a Pragmatic
Clinical Trial. Pain Med Malden Mass. 2022;23(9):1550-9. https://doi.org/10.10
93/pm/pnac009.

Shannon Z. Longer-term outcomes and mediators of chiropractic care for
active-duty military with low back pain. Published online Oct. 2024;1. https:/
doi.org/10.17605/0SFIO/W5YB8.

Roland M, Morris R. A study of the natural history of back pain. Part I: develop-
ment of a reliable and sensitive measure of disability in low-back pain. Spine.
1983,8(2):141-4. https://doi.org/10.1097/00007632-198303000-00004.

Childs JD, Piva SR, Fritz JM. Responsiveness of the numeric pain rating scale in
patients with low back pain. Spine. 2005;30(11):1331-4. https://doi.org/10.10
97/01.brs.0000164099.92112.29.

PROMIS Health Organization and PROMIS Cooperative Group. Patient-
Reported Outcomes Measurement Information System (PROMIS). 2023. https
///commonfund.nih.gov/promis/index. Accessed December 18.

Shannon ZK, Long CR, Chrischilles EA, et al. Effect of chiropractic care on low
back pain for active-duty military members: Mediation through biopsychoso-
cial factors. PLoS ONE. 2024;19(10):0310642. https://doi.org/10.1371/journal.
pone.0310642.

Shannon ZK, Long CR, Chrischilles E, et al. Secondary causal mediation analy-
sis of a pragmatic clinical trial to evaluate the effect of chiropractic care for US
active-duty military on biopsychosocial outcomes occurring through effects
on low back pain interference and intensity. BMJ Open. 2024;14(11):e083509.
https://doi.org/10.1136/bmjopen-2023-083509.

Terwee CB, Peipert JD, Chapman R, et al. Minimal important change (MIC): a
conceptual clarification and systematic review of MIC estimates of PROMIS
measures. Qual Life Res. 2021,30(10):2729-54. https://doi.org/10.1007/51113
6-021-02925-y.

Seaman SR, White IR. Review of inverse probability weighting for dealing with
missing data. Stat Methods Med Res. 2013;22(3):278-95. https://doi.org/10.11
77/0962280210395740.

Little RJ, Carpenter JR, Lee KJ. A Comparison of Three Popular Methods for
Handling Missing Data: Complete-Case Analysis, Inverse Probability Weight-
ing, and Multiple Imputation. Sociol Methods Res. 2024;53(3):1105-35. https:/
/doi.org/10.1177/00491241221113873.

Seaman SR, Vansteelandt S. Introduction to Double Robust Methods for
Incomplete Data. Stat Sci Rev J Inst Math Stat. 2018;33(2):184-97. https://doi.
0rg/10.1214/18-STS647.

Rhon DI, O'Hagan E, Mysliwiec V, Lentz TA. Does Disordered Sleep Moderate
the Relationship Between Pain, Disability and Downstream Health Care
Utilization in Patients With Low Back Pain? A Longitudinal Cohort From the
US Military Health System. Spine. 2019;44(21):1481-91. https://doi.org/10.109
7/BRS.0000000000003114.

Alsaadi SM, McAuley JH, Hush JM, et al. The Bidirectional Relationship
Between Pain Intensity and Sleep Disturbance/Quiality in Patients With Low
Back Pain. Clin J Pain. 2014;30(9):755-65. https://doi.org/10.1097/AJP0000000
000000055.

Finan PH, Goodin BR, Smith MT. The association of sleep and pain: an update
and a path forward. J Pain. 2013;14(12):1539-52. https://doi.org/10.1016/}.jpai
n.2013.08.007.

Generaal E, Vogelzangs N, Penninx BWJH, Dekker J, Insomnia. Sleep Duration,
Depressive Symptoms, and the Onset of Chronic Multisite Musculoskeletal
Pain. Sleep. 2017;40(1). https://doi.org/10.1093/sleep/zsw030.

Pan F, Tian J, Cicuttini F, Jones G. Sleep Disturbance and Its Association with
Pain Severity and Multisite Pain: A Prospective 10.7-Year Study. Pain Ther.
2020;9(2):751-63. https://doi.org/10.1007/540122-020-00208-x.

Afolalu EF, Ramlee F, Tang NKY. Effects of sleep changes on pain-related
health outcomes in the general population: A systematic review of longitudi-
nal studies with exploratory meta-analysis. Sleep Med Rev. 2018;39:82-97. htt
ps://doi.org/10.1016/j.smrv.2017.08.001.

Aili K, Nyman T, Svartengren M, Hillert L. Sleep as a predictive factor for the
onset and resolution of multi-site pain: a 5-year prospective study. Eur J Pain
Lond Engl. 2015;19(3):341-9. https://doi.org/10.1002/ejp.552.


https://doi.org/10.1001/jama.2020.0734
https://doi.org/10.1001/jama.2020.0734
https://doi.org/10.1016/j.amepre.2009.10.021
https://doi.org/10.1016/j.amepre.2009.10.021
https://doi.org/10.1007/s11606-019-05086-4
https://doi.org/10.7326/M16-2367
https://doi.org/10.7326/M16-2367
https://doi.org/10.1371/journal.pone.0160037
https://doi.org/10.1136/bmj.l689
https://doi.org/10.1136/bmj.l689
https://doi.org/10.1016/j.jmpt.2019.03.009
https://doi.org/10.1016/j.jmpt.2019.03.009
https://www.nbce.org/news/practice-analysis-of-chiropractic/
https://doi.org/10.1016/j.jmpt.2022.03.009
https://doi.org/10.1186/s13063-016-1193-8
https://doi.org/10.1186/s13063-016-1193-8
https://doi.org/10.1001/jamanetworkopen.2018.0105
https://doi.org/10.1001/jamanetworkopen.2018.0105
https://doi.org/10.1093/pm/pnac009
https://doi.org/10.1093/pm/pnac009
https://doi.org/10.17605/OSF.IO/W5YB8
https://doi.org/10.17605/OSF.IO/W5YB8
https://doi.org/10.1097/00007632-198303000-00004
https://doi.org/10.1097/01.brs.0000164099.92112.29
https://doi.org/10.1097/01.brs.0000164099.92112.29
https://commonfund.nih.gov/promis/index
https://commonfund.nih.gov/promis/index
https://doi.org/10.1371/journal.pone.0310642
https://doi.org/10.1371/journal.pone.0310642
https://doi.org/10.1136/bmjopen-2023-083509
https://doi.org/10.1136/bmjopen-2023-083509
https://doi.org/10.1007/s11136-021-02925-y
https://doi.org/10.1007/s11136-021-02925-y
https://doi.org/10.1177/0962280210395740
https://doi.org/10.1177/0962280210395740
https://doi.org/10.1177/00491241221113873
https://doi.org/10.1177/00491241221113873
https://doi.org/10.1214/18-STS647
https://doi.org/10.1214/18-STS647
https://doi.org/10.1097/BRS.0000000000003114
https://doi.org/10.1097/BRS.0000000000003114
https://doi.org/10.1097/AJP.0000000000000055
https://doi.org/10.1097/AJP.0000000000000055
https://doi.org/10.1016/j.jpain.2013.08.007
https://doi.org/10.1016/j.jpain.2013.08.007
https://doi.org/10.1093/sleep/zsw030
https://doi.org/10.1007/s40122-020-00208-x
https://doi.org/10.1016/j.smrv.2017.08.001
https://doi.org/10.1016/j.smrv.2017.08.001
https://doi.org/10.1002/ejp.552

Shannon et al. BMC Complementary Medicine and Therapies

42.

43.

44,

45.

46.

47.

Greene-Shortridge TM, Britt TW, Castro CA. The stigma of mental health
problems in the military. Mil Med. 2007;172(2):157-61. https://doi.org/10.720
5/milmed.172.2.157.

Schreiber M, McEnany GP, Stigma. American military personnel and mental
health care: challenges from Irag and Afghanistan. J Ment Health Abingdon
Engl. 2015;24(1):54-9. https://doi.org/10.3109/09638237.2014.971147.
Clement S, Schauman O, Graham T, et al. What is the impact of mental
health-related stigma on help-seeking? A systematic review of quantitative
and qualitative studies. Psychol Med. 2015;45(1):11-27. https://doi.org/10.101
7/50033291714000129.

Bishop PB, Quon JA, Fisher CG, Dvorak MFS. The Chiropractic Hospital-based
Interventions Research Outcomes (CHIRO) Study: a randomized controlled
trial on the effectiveness of clinical practice guidelines in the medical and
chiropractic management of patients with acute mechanical low back pain.
Spine J. 2010;10(12):1055-64. https://doi.org/10.1016/j.spinee.2010.08.019.
Larson MJ, Adams RS, Ritter GA, et al. Associations of Early Treatments for
Low-Back Pain with Military Readiness Outcomes. J Altern Complement Med.
2018;24(7):666-76. https://doi.org/10.1089/acm.2017.0290.

Cecchi F, Molino-Lova R, Chiti M, et al. Spinal manipulation compared with
back school and with individually delivered physiotherapy for the treatment

(2026) 26:185

48.

49.

50.

Page 16 of 16

of chronic low back pain: a randomized trial with one-year follow-up. Clin
Rehabil. 2010;24(1):26-36. https://doi.org/10.1177/0269215509342328.
Taylor J, Travaglini L, O'Connell M, et al. Inequities time-to-follow-up care and
administrative action after low back pain diagnosis in active duty service
members. Pain Published online Febr. 2025;28. https://doi.org/10.1097/j.pain.
0000000000003559.

Yuan X, PavV, Colahan C, et al Active duty service members newly present-
ing with low back pain in fiscal year 2017: health care utilization, access to
care, and private sector costs over 2-year follow-up. Mil Med. 2023;188(7-
8):e2387-e96. . https://doi.org/10.1093/milmed/usac363.

Schulz KF, Grimes DA. Sample size slippages in randomised trials: exclusions
and the lost and wayward. Lancet Lond Engl. 2002;359(9308):781-5. https://d
0i.0rg/10.1016/50140-6736(02)07882-0.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.7205/milmed.172.2.157
https://doi.org/10.7205/milmed.172.2.157
https://doi.org/10.3109/09638237.2014.971147
https://doi.org/10.1017/S0033291714000129
https://doi.org/10.1017/S0033291714000129
https://doi.org/10.1016/j.spinee.2010.08.019
https://doi.org/10.1089/acm.2017.0290
https://doi.org/10.1177/0269215509342328
https://doi.org/10.1097/j.pain.0000000000003559
https://doi.org/10.1097/j.pain.0000000000003559
https://doi.org/10.1093/milmed/usac363
https://doi.org/10.1016/S0140-6736(02)07882-0
https://doi.org/10.1016/S0140-6736(02)07882-0

	﻿Longer-term chiropractic care outcomes for US active-duty military personnel with low back pain: secondary analysis of a pragmatic clinical trial
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Trial design, setting, and participants
	﻿Interventions
	﻿Outcomes
	﻿Sample size
	﻿Randomization and allocation
	﻿Blinding
	﻿Statistical analysis

	﻿Results
	﻿Participants and treatment visits



