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Effects of Chiropractic Care on Strength, Balance,
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Abstract

Objectives: To investigate whether chiropractic care influences strength, balance, and/or endurance in active-
duty United States military personnel with low back pain (LBP).

Design: This study employed a prospective randomized controlled trial using a pragmatic treatment
approach. Participants were randomly allocated to 4 weeks of chiropractic care or to a wait-list control.

Interventions: Chiropractic care consisted of spinal manipulation, education, advice, and reassurance.
Settings/Location: Naval Air Technical Training Center branch clinic at the Naval Hospital Pensacola

Florida.
Subjects: One hundred ten active-duty military personnel 18–40 years of age with self-reported LBP.
Outcome measures: Isometric pulling strength from a semisquat position was the primary outcome. Sec-

ondary outcomes were single-leg balance with eyes open and eyes closed, and trunk muscle endurance using the
Biering–Sorensen test. Patient-reported outcomes such as pain severity and disability were also measured.
Outcomes were measured at baseline and 4 weeks. Linear mixed-effects regression models over baseline and 4
weeks were used for analysis.

Results: Participants had mean age of 30 years (18–40), 17% were female, 33% were non-white, and 86%
reported chronic LBP. Mean maximum pulling strength in the chiropractic group increased by 5.08 kgs and
decreased by 7.43 kgs in the wait-list group, with a statistically significant difference in mean change between
groups ( p = 0.003). Statistically significant differences in mean change between groups were also observed in
trunk muscle endurance (13.9 sec, p = 0.002) and balance with eyes closed (0.47 sec, p = 0.01), but not in
balance with eyes open (1.19 sec, p = 0.43). Differences in mean change between groups were statistically
significant in favor of chiropractic for LBP-related disability, pain intensity and interference, and fear-
avoidance behavior.

Conclusions: Active-duty military personnel receiving chiropractic care exhibited improved strength and
endurance, as well as reduced LBP intensity and disability, compared with a wait-list control.
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Introduction

Low back pain (LBP) is a prevalent problem, which
commonly causes significant disability.1,2 Between 1996

and 2016, health care spending for LBP and neck pain con-
sistently ranked among the top 5 conditions in the United
States.3 Between 2001 and 2016, LBP was the most prevalent
musculoskeletal pain-related diagnosis among active-duty
U.S. military personnel.4 Because back pain represents a
large proportion of morbidity burden, it is a high-priority
focus for prevention, treatment, and rehabilitation research in
the military.5

Trunk muscle strength, balance, and endurance, can be
associated with LBP, potentially affecting mission readiness
among military personnel.6–9 Low levels of trunk muscle
strength may increase risk for, or be caused by, LBP through
altered activity and/or movements to avoid potential
pain.10–12 LBP also appears to negatively affect the ability
to sustain prolonged or repeated positions or movements
(endurance) and alter neuromuscular system factors influ-
encing balance.13,14

Spinal manipulation (SM), a nonpharmacological therapy
commonly employed by doctors of chiropractic, is a
guideline-recommended treatment for LBP.15,16 Chir-
opractic services are available to active-duty personnel in
the United States through health clinics on military bases.17

Biological mechanisms underlying SM are complex. SM
may facilitate trunk muscle strength through motor neuron
facilitation or disinhibition.18,19 SM may also alter sensory
signaling, influencing changes in motor neuron output and
reducing sensitivity to pain.20–24 A few studies report that
SM positively influences immediate isometric muscle
strength in healthy individuals; however, both the quantity
and quality of available research is currently limited.25

Additional study is necessary to understand whether SM
influences strength in clinically meaningful ways and over
longer periods for people with neuromusculoskeletal prob-
lems, specifically those suffering from LBP.

This randomized controlled trial (RCT) was conducted to
understand whether chiropractic care, primarily consisting
of SM, influences strength, balance, and/or endurance, in-
dependent of the impact on pain severity and disability, in
active-duty U.S. military personnel with LBP. Because
trunk muscle strength is a fundamental element required for
performing balance and endurance activities,26,27 the pri-
mary aim of this clinical trial was to compare the effects of
chiropractic care over 4 weeks, consisting of SM and non-
specific effects, versus a wait-list control on trunk muscle
strength. Secondary aims estimated the effects of chiro-
practic care versus a wait-list control on balance and trunk
muscle endurance.

Materials and Methods

A detailed trial protocol was previously published.28 This
prospective RCT using a pragmatic treatment approach was
conducted at the Naval Air Technical Training Center
branch clinic at the Naval Hospital Pensacola, Florida. The
RCT was approved by civilian and military Institutional
Review Boards at Palmer College of Chiropractic
(2015G171), the RAND Corporation (2013-0159), and Na-
val Medical Center Portsmouth, VA (NHPC.2015.0003).

The trial was also overseen by an independent data and
safety-monitoring committee. All participants provided
verbal and written informed consent. There was no com-
pensation for participating in the trial.

Eligibility, allocation, and blinding

Active-duty military personnel 18–40 years of age with
self-reported LBP with severity of ‡2/10 over the prior 24 h
were eligible. Final eligibility was determined at the end of
the baseline visit, when the project manager, who led the
informed consent process, and the trial clinician, who in-
dependently performed the baseline exam, jointly verified
inclusion/exclusion criteria through a structured consensus
process.29 Participants were ineligible if they reported re-
ceiving chiropractic care within 30 days of consent, were
pregnant or seeking to become pregnant, were aware of an
impending transfer or other absence during the trial time-
frame, were in a process of disability evaluation, were un-
able or unwilling to follow trial protocols, and if the patellar
height was <38.1 cm (15 inches) or >64.8 cm (25.5 inches).

Participants were also excluded if one or more of the
following were identified by the doctor of chiropractic
during the initial examination: LBP from a confirmed or
suspected visceral source; conditions contraindicating SM,
spinal fracture, or spinal surgery within 6 months; confirmed
stenosis (neuroforaminal or spinal canal) or neurogenic
claudication; diagnoses of chronic pain syndrome; inflam-
matory spinal arthropathy; need for referral for an urgent or
emergent condition; and unsafe to perform physical per-
formance tests.

Within 30 days of the initial visit, participants attended a
second visit in which baseline strength, balance, and en-
durance data and patient-reported outcomes were collected.
After completion, participants were allocated to chiropractic
care or to the wait-list control group in equal proportions.
The allocation process used a computer-generated and
concealed restricted randomization scheme with random
block sizes. The chiropractors, participants, and the site
project manager were not blinded to treatment assignment
after allocation. Approximately 4 weeks after allocation
both groups attended a final visit during which follow-up
strength, balance, and endurance, and patient-reported out-
comes were again collected.

Wait-list control

After group allocation, wait-list group participants were
asked to attend a follow-up visit after 4 weeks. Wait-list
group participants were free to seek any health care, except
chiropractic or SM from any provider during the trial
timeframe; they were offered the option to receive chiro-
practic care after the final visit.

Chiropractic care

Participants allocated to chiropractic care attended visits
over 4 weeks. The number of visits varied depending on
factors such as the working diagnosis, condition severity,
and scheduling availability. During the 4-week treatment
phase, participants were asked to refrain from receiving SM
or other chiropractic care in addition to what was provided
by the trial chiropractor. No other health care was restricted.
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Chiropractic care included clinical evaluation, SM, edu-
cation, and self-management advice about daily activities
that benefit and/or negatively impact symptoms. Keeping
with the pragmatic nature of this trial, condition-specific
education, which can include reassurance that symptoms are
benign and addressable, and self-management advice were
not standardized by trial protocol. Rather, these clinical el-
ements reflect evidence-based chiropractic care practiced at
the trial site. SM consisted of high-velocity thrust-type
manipulation directed toward the thoracolumbar or pelvic
regions. SM involving other spinal regions or extremities
was also allowed when clinically indicated. During the trial,
care was provided by two different chiropractors, each with
more than 20 years of experience.

Strength, balance, and endurance

All tests were conducted by the project manager. Iso-
metric pulling strength from a semisquat position was the
primary outcome; balance and endurance were secondary

outcomes. The isometric strength test required maintain-
ing a semisquat position while pulling on a bimanual
handle.30 The handle was attached to a chain containing a
force transducer and connected to the floor through a
height-adjustable support. Handle height was determined
by patellar height (Fig. 1). The strength test was always
performed second.

Participants assumed a lifting position, spreading the feet
comfortably, bending the knees, with a straightened back,
arms angled perpendicular to the floor, and with the eyes
looking straight ahead. The first test occurred with instruc-
tions to pull for less than 5 sec with a light force. Partici-
pants were instructed to stop pulling if they noted increased
discomfort. If the light pull occurred without any discom-
fort, participants were instructed to conduct a second pull
(no more than 5 sec) with a medium force. If medium force
pulling occurred without an increase in discomfort, the
maximum effort test was conducted.

During maximum effort tests participants gradually in-
creased pull effort until a maximum was reached. Maximum
effort pulling did not exceed 5 sec. Upon successful com-
pletion, the test was conducted two more times separated by
a minimum 2-min rest period. The maximum pulling force
recorded during any test was used in data analysis. Stance
width used at baseline was recorded and repeated at the
follow-up assessment.

The balance test was performed first to minimize poten-
tial remaining effects from either the strength and/or en-
durance tests. First, the dominant foot (kicking foot) was
determined. Next, participants placed both hands on the iliac
crests and stood on the nondominant foot; the dominant foot
was placed against the supporting leg below the knee. The
test initiated when the heel of the supporting foot was raised
from the floor.31 A sensor pad on the floor surrounding the
participants feet activated a computer timer, which was
automatically stopped when the heel touched the pad or
when the dominant foot touched the floor. After a practice
test, the test was performed with the eyes open (three times)
and with eyes closed (three times). The longest holding
times with eyes open and eyes closed were used for data
analysis (Fig. 2).

The Biering–Sorensen test was always the third test. It
was used to measure trunk muscle endurance.32,33 The test
was always performed last because it is designed to fatigue
trunk and lower extremity musculature. Therefore, by per-
forming last, muscle fatigue would not adversely influence
the strength and balance tests. Participants assumed a prone
position on a therapy table. The head, shoulders, and trunk
extended off the edge of the table while supported by the
arms (Fig. 3). The lower extremities were held firmly with
adjustable straps at the upper thigh and lower legs. The test
began when the arms lifted from the support and a neutral
trunk position held. The test ended when participants were
unable to maintain a neutral position for any length of time
due to fatigue or when pain/discomfort occurred. If no
pain/discomfort or fatigue ended the test, then the test was
ended after 180 sec. Holding time was recorded with a
stopwatch.

Safety precautions were necessary to protect participants
from injury. During the strength and balance tests, partici-
pants wore a harness to prevent accidental falls. The
strength test consisted of maximum contraction of muscles

FIG. 1. Strength test: Isometric pulling on a bimanual
handle (A) attached to a force transducer. The most com-
fortable foot position was noted using floor markings
(B) and repeated on each test. Handle height was determined
by patellar height, set using an adjustable post (C), and
remained constant for subsequent tests.
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in the upper extremity, trunk, and lower extremity, which
produced high spinal and other joint loading. The strength
test was stopped if participants experienced increased
discomfort during the test. If increased discomfort did not
resolve within a few minutes, no further strength tests were

performed, even if the maximum effort test was not
reached. If for any test a participant was unable to attain
the initial position without discomfort, the test was not
conducted. The balance test was not repeated if partici-
pants could not comfortably assume the correct posi-
tion/stance or if the test caused increased discomfort.
Discomfort from muscle fatigue during the endurance test
was expected and did not stop testing. However, if par-
ticipants were unable to attain the test position without
pain, the test was not performed.

Patient-reported outcomes

Patient-reported outcomes included average pain over the
past 24 h reported on a 0–10 numerical rating scale (0 = no
pain, 10 = worst imaginable),34 the Roland Morris Disability
Questionnaire,35,36 PROMIS-29,37 Fear-Avoidance Beliefs
Questionnaire,38 and expectation of benefit from chiro-
practic care (collected only at baseline). Patient-reported
outcomes were collected through electronic data capture
before group allocation at the second baseline visit and at
the final visit.

Sample size

Sample size was estimated and based on our primary
outcome variable, maximum strength using a standard de-
viation (SD) of 21.77 kg, obtained from pilot study data, and
the assumption that this variable would be unchanged in the
wait-list group. A sample size of 82 participants allocated in
a 1:1 ratio to groups provided 90% power to detect at least a
20% difference in mean change between groups at a 0.05
significance level. The sample size was increased to 110
(55 per group) to account for potential loss to follow-up and
other missing data.

Statistical analyses

We used an intention-to-treat approach that analyzes data
based on original group assignment. We performed data
analyses using all observed data in SAS (release 9.4, Cary,
NC). We analyzed all outcomes with linear mixed-effects
regression models over baseline and week 4 with terms
for time, group, and group · time interaction using an

FIG. 2. Balance test: Performed with eyes open and eyes
closed. Pressure-sensitive pads (A) were connected to a
computer timer. Lifting the heel off pressure-sensitive pad
(B) started the timer; once the timer was started, touching
any pad with either foot stopped the timer, ending the test.

FIG. 3. Endurance
(Biering–Sorensen) test:
Timing began when arms
were lifted from support
stool. Timing ended if pain
or discomfort was experi-
enced, if a neutral position
could no longer be main-
tained, or when 180 sec was
reached.
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unstructured covariance. Normality assumptions were eval-
uated through residual plots and variables were transformed
accordingly. Within-group mean change from baseline and
the difference in mean change between groups were esti-
mated from the regression model and reported with 95%
confidence intervals.

Results

Two hundred two patients were screened for the trial
between April 6, 2016 and November 20, 2018 with 110
allocated to receive either chiropractic care (55) or be placed
on the wait-list (55) (Fig. 4). Data collection ended on

FIG. 4. Study flow diagram.
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December 19, 2018. Mean participant age was 30 years
(18–40), 19 (17%) were female, 36 (33%) were non-white,
and 95 (86%) reported chronic LBP (>3 months duration),
with 66% reporting LBP duration of over 1 year (Table 1).
Two participants in the chiropractic care group attended no
chiropractic visits. Of the 53 participants with at least 1
chiropractic visit, the mean (SD) number was 5.3 (1.7) and
all received SM. No wait-list group participants reported
receiving chiropractic care during the trial period. Two
chiropractic care group participants reported receiving
stretches and exercises from a physical therapist. One ad-
ditional participant reported receiving physical therapy and
acupuncture. Four wait-list group participants received
outside care (one massage therapy, and three received pre-
scriptions for non-steroidal anti-inflammatory medications
[NSAIDs] and muscle relaxants).

Mean maximum isometric pulling strength in the chiro-
practic care group increased by 5.08 kgs, whereas it de-
creased by 7.43 kgs in the wait-list group, with a statistically
significant difference in mean change between groups
( p = 0.003; Table 2). We also found statistically significant
differences in mean change between groups for endurance
and balance with eyes closed, but the magnitude of the latter
was very small. Data for balance with eyes open were
skewed, so it was log transformed for analysis and the results
were transformed back to the original scale for reporting.
Difference in mean change between groups was not statisti-
cally significant for balance with eyes open. Differences in
mean change between groups were statistically significant,
favoring chiropractic care, for the Roland Morris Disability
scale, average pain intensity over the past 24 h, physical fear-
avoidance behavior, and pain interference (Table 3).

Safety and adverse events

Safety protocols prevented the performance of four
strength, six balance, and four endurance tests during the

Table 1. Baseline Characteristics

Chiropractic
care

(n = 55)

Wait-list
control
(n = 55)

Age, years, mean (range) 30.8 (18–40) 30.1 (19–40)
Male, n (%) 44 (80) 47 (85)
Ethnicity, n (%)

Hispanic or Latino 13 (24) 9 (16)

Race, n (%)
Asian, multiracial, Native

Hawaiian, or other
Pacific Islander

3 (5) 3 (5)

Black or African American 7 (13) 7 (13)
White 35 (63) 39 (71)
Unspecified 10 (18) 6 (11)

Duration of LBP, n (%)
Less than 1 month 3 (5) 2 (4)
1–3 months 3 (5) 7 (13)
More than 3 months 48 (87) 46 (84)

Mean Helpfulness, 0–10 (SD) 8.0 (1.6) 8.1 (1.8)

LBP, low back pain; SD, standard deviation.
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trial. Tests not performed by group are displayed in Table 4.
There were 22 adverse events related to trial participation.
All events were described as short-term and self-resolving
symptom aggravation, stiffness, and muscle soreness. Four
mild events were related to the eligibility exam (2) and
treatment (2). Six mild and one moderate-severity (oblique
muscle strain) events were attributed to the strength test.
Four mild events were attributed to the endurance test, one
to the balance test, and six to a combination of strength,
endurance, and/or balance tests.

Discussion

Mean improvement in patient-reported LBP severity and
disability in the chiropractic care group were consistent with
the moderate short-term improvements reported in a large
clinical trial assessing chiropractic care plus usual medical
care in a similar population with a similar number of chi-
ropractic visits.39 We found improvements in isometric
pulling strength, balance with eyes closed, and endurance
that were statistically significantly greater in the chiropractic
care group than the wait-list group.

Several clinical studies report increased lower and upper
extremity muscle strength immediately following SM at a
single timepoint.18,19,25,40,41 These studies, mostly con-
ducted with asymptomatic persons, suggest that SM-related
muscle strength change involves complex neurological
phenomena such as corticospinal excitability. One study
involving asymptomatic participants reported a sustained
increase in bite force 1 week after a single SM.42 To our
knowledge, our trial is the first to evaluate and report iso-
metric strength, endurance, and balance changes following a
course of care, including SM for symptomatic persons.

Participants with LBP receiving 4 weeks of chiropractic
care in our trial showed statistically significant improve-
ments in mean pulling strength of 5 kg (11.2 lbs) compared
with wait-list control group participants who decreased by
a mean of 7.4 kg (16.4 lbs). The mean isometric muscle
endurance measured with the Biering–Sorensen test im-
proved by 3.3 sec in the chiropractic care group compared
with the 10.6 sec decrease in the wait-list group. These
results are consistent with a study that reported an increase
in mean holding time for 162 participants with LBP after a
120-h in-patient treatment program incorporating exercise,
ergonomic training, psychological skill-building, back
protection techniques, and exercise.32 In that study, as in
ours, the mean holding time in the control group also re-
duced (worsened).

Trunk muscle endurance improvement is associated with
single-leg standing improvement in older adults.43 Simi-
larly, a relationship between the balance test used in our trial
and performance of the Biering–Sorensen (endurance) test
has been reported.44 In this trial, improvement in mean
single-leg balance time with eyes closed was very small,
although consistent with changes in trunk muscle endurance
in favor of the chiropractic care group. However, mean
balance time with eyes open did not significantly improve
over the control group. Therefore, we interpret this result as
unlikely to be clinically meaningful.

Table 3. Patient-Reported Outcomes

Chiropractic care Wait-list control
Difference in mean

change between
groups (95% CI)a

Baseline,
mean (SD)

Mean change,a

(95% CI)
Baseline,

mean (SD)
Mean change,a

(95% CI)

Roland Morris Disability
Questionnaire, 0–24

6.5 (4.0) -3.2 (-4.1 to -2.2) 7.6 (5.1) -1.0 (-2.0 to -0.1) -2.1 (-6.5 to -0.8)

Average LBP past 24 h, 0–10 3.1 (1.5) -0.9 (-1.3 to -0.6) 3.1 (1.4) 0 (-0.4 to 0.3) -1.0 (-1.5 to -0.4)
Fear avoidance beliefs:

Work, 0–42
12.7 (7.3) -2.2 (-4.2 to -0.3) 10.4 (7.0) -0.5 (-2.5 to 1.5) -1.7 (-4.6 to 1.1)

Fear avoidance beliefs:
Physical activity, 0–24

11.6 (5.1) -1.2 (-2.6 to 0.2) 10.8 (4.8) 1.3 (-0.2 to 2.7) -2.4 (-4.5 to -0.4)

PROMIS T-scores
Physical function 45.9 (6.6) 3.4 (1.8–5.1) 46.8 (6.5) 1.3 (-0.4 to 3.0) 2.1 (-0.3 to 4.5)
Pain interferenceb 57.0 (4.9) -5.2 (-7.0 to -0.4) 54.8 (6.7) -2.3 (-4.2 to -0.4) -2.9 (-5.5 to -0.3)
Sleep disturbanceb 54.4 (6.0) -3.7 (-5.3 to -2.1) 54.9 (8.6) -2.1 (-3.8 to -0.4) -1.6 (-3.9 to 0.8)
Fatigueb 54.1 (8.9) -3.1 (-5.2 to -1.0) 49.1 (8.7) -1.9 (-4.1 to 0.3) -1.2 (-4.2 to 1.9)

aEstimated from mixed-effects models using all observed data, an unstructured covariance, and terms in the model for time (2 times:
baseline and follow-up), group and group by time interaction. PROMIS T-scores (0–100) are normed to a mean of 50 and SD of 10 for the
U.S. general population based on 2000 census data.

bHigher scores indicate worse functioning or symptoms.
CI, confidence interval; LBP, low back pain; PROMIS, Patient-Reported Outcomes Measurement Information System; SD, standard

deviation.

Table 4. Number of Tests Not Performed

Due to Safety Precautions

Test

Chiropractic care Wait-list

Baseline
visit

Final
visit

Baseline
visit

Final
visit

Strength 0 1 1 2
Balance eyes open 0 1 0 1
Balance eyes closed 0 1 1 2
Endurance 0 2 0 2
Total 0 5 2 7
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Results from this trial may help inform our under-
standing of physiological mechanisms related to interven-
tions applied through chiropractic care. In addition to
complex neurological processes associated with SM that
influence muscle function, mechanical forces of manual
therapies may disrupt muscle spasm/hypertonicity and fi-
brosis between and within myofascial tissues in persons
with chronic LBP, improving the potential for normalized
local joint and tissue motion.21,45–47 Pain-inhibiting effects
from SM may lead to greater mobility and more normal-
ized trunk muscle motor firing patterns because of a re-
duced need to avoid painful positions or movements.21,48,49

Nonspecific effects of provider interactions, including pa-
tient education, reassurance, and advice may also influence
symptom perception, contributing to improved physical
performance.50 Thus, our results most likely suggest SM
plus less-specific effects from education, mobility changes,
and advice acted as catalysts. Altogether, these factors
likely initiated neurological, physical, and/or cognitive
changes culminating in a net normalizing of functional
ability, which was otherwise limited by LBP and related
adaptive processes.

Trial limitations

Limitations in this trial included lack of clinician, par-
ticipant, and project manager blinding, the use of a wait-
list control group, and missing data due to safety concerns
in testing. As is the case in all studies of manual therapies,
neither the clinicians nor the participants were blinded to
group assignment. To minimize this limitation, the project
manager used scripts and checklists to ensure actions and
instructions were consistent during strength, balance, and
endurance testing. A wait-list control was a practical de-
sign strategy because (1) the outcomes of strength, balance,
and endurance were measured objectively, (2) there is no
inert sham chiropractic treatment available, and (3) chi-
ropractic care is an integrated treatment option at the trial
site. A few participants were unable to complete all tests
due to safety concerns, resulting in some missing data.
However, our statistical analysis used available data for all
participants. Finally, the magnitude of differences in
change for strength and endurance are likely to be clini-
cally meaningful, but there are limited data to further guide
these interpretations.

Conclusions

Four weeks of chiropractic care resulted in improve-
ments in mean strength, balance with eyes closed, and
endurance, but not balance with eyes open when compared
with a wait-list control group. Chiropractic care also re-
sulted in moderate short-term improvements in LBP in-
tensity and disability and facilitated a return toward normal
functional capacity in active-duty military personnel whose
physical performance was likely compromised by LBP.
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