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Abstract

Background: Fallsin older adults are a significant and growing public health concern. There are multiple risk factors
associated with falls that may be addressed within the scope of chiropractic training and licensure. Few attempts have
been made to summarize existing evidence on multimodal chiropractic care and fall risk mitigation. Therefore, the
broad purpose of this review was to summarize this research to date.

Body: Systematic review was conducted following PRISMA guidelines. Databases searched included PubMed,
Embase, Cochrane Library, PEDro, and Index of Chiropractic Literature. Eligible study designs included randomized
controlled trials (RCT), prospective non-randomized controlled, observational, and cross-over studies in which multi-
modal chiropractic care was the primary intervention and changes in gait, balance and/or falls were outcomes. Risk of
bias was also assessed using the 8-item Cochrane Collaboration Tool. The original search yielded 889 articles; 21 met
final eligibility including 10 RCTs. One study directly measured the frequency of falls (underpowered secondary out-
come) while most studies assessed short-term measurements of gait and balance. The overall methodological quality
of identified studies and findings were mixed, limiting interpretation regarding the potential impact of chiropractic
care on fall risk to qualitative synthesis.

Conclusion: Little high-quality research has been published to inform how multimodal chiropractic care can best
address and positively influence fall prevention. We propose strategies for building an evidence base to inform the
role of multimodal chiropractic care in fall prevention and outline recommendations for future research to fill current
evidence gaps.
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Background
Almost 30% of adults over 65years of age fall each year
in the United States (US) [1]. The prevalence of falls and
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injury-related death [6-9]. Fatal falls in older persons
exceed the death rate from the opioid epidemic by a fac-
tor of four [10, 11]. Even non-traumatic falls can lead to
fear of falling, reduced physical activity, psychosocial
dysfunction, and loss of autonomy [12-15].

The high incidence and long-term effects of falls among
older adult results in substantial medical costs to indi-
viduals and society [16]. Falls and their consequences
account for about 1-2% of all healthcare expenditures in
the US, with estimates for fatal and non-fatal falls in 2015
of $637.5 million and $31.3 billion, respectively [17]. As
the average age in developed countries continues to rise,
both the prevalence of falls and their economic burden
are expected to increase substantially [16]. This burgeon-
ing public health crisis requires practical and effective
strategies that can be readily implemented by health care
providers on a national scale. The Centers for Disease
Control and Prevention (CDC) recommends a multifac-
torial approach to fall prevention including identification
of patient-specific fall risk factors, targeted exercises, and
education [18]. Providers across all healthcare disciplines
are being called upon to adapt to the changing needs of
the older population, who are increasingly seeking alter-
native healthcare to address their specific needs [19, 20].

The chiropractic profession represents one of the larg-
est health care disciplines in the world [21-23] and is
utilized by an estimated 18.5% of older adults in the US
[24]. Chiropractic care is provided by licensed doctors of
chiropractic (DC) who focus on prevention, diagnosis,
and non-pharmacological treatment of neuro-muscu-
loskeletal conditions [25, 26]. Chiropractors have been
recognized by both the American Chiropractic Asso-
ciation and World Federation of Chiropractic as poten-
tially playing a key role in reducing risk of falls in aging
populations [27]. Interventions included within the scope
of multimodal chiropractic care are utilized by DCs
dependent on factors such as individual patient diagnosis
and patient treatment preferences. These interventions
include passive treatments (spinal manipulation (SM)
and myofascial therapies), active treatments (therapeutic
exercises and mind-body interventions), or educational
treatments (lifestyle modifications, self-monitoring or
self-management advice) [28]. Though these nonpharma-
cologic therapies are used by other provider types, their
use may differ substantially because factors such as spe-
cific training, practice scope, setting, and clinical skillsets
likely influence how care is delivered. The benefit of these
combined interventions as routinely delivered by chiro-
practors warrants further research.

In principle and practice, multimodal chiropractic care
has the potential to mitigate many factors that contrib-
ute to fall risk in older adults including: reduced mus-
culoskeletal strength and flexibility; chronic pain and
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polypharmacy; diminished proprioception and vestibular
function; and overall compromised gait health, mobility,
balance confidence and self-efficacy [29, 30]. The mul-
timodal nature of chiropractic care has the potential to
target multiple risk factors, and thus may afford advan-
tages over unimodal approaches, which address a single
risk factor, to managing fall risks in older adults [31, 32].
To date, little research has been devoted to evaluating
the impact of multimodal chiropractic interventions on
falls in older adults [33, 34]. Therefore, the broad purpose
of this text is to collate research to date and to map out
an evidence-based framework for studying and imple-
menting chiropractic care strategies and programs for
fall prevention in older adults. We begin by outlining a
conceptual framework that includes key modifiable risk
factors associated with falls in older adults, and how,
in principle, components of chiropractic interventions
might impact these factors. We then present methods
and findings of a formal systematic review of published
evidence regarding the effects of components of mul-
timodal chiropractic care on the prevalence of falls and
clinical measures of balance and gait health. Finally,
based on these findings, we outline suggestions for future
research to address knowledge gaps and expand the evi-
dence-base regarding multimodal chiropractic care for
fall prevention in older adults.

Main text

Conceptual framework for studying the impact

of multimodal chiropractic care on falls, postural control,
and gait health

Key modifiable factors that are targeted by multimodal
chiropractic care include musculoskeletal strength
and flexibility, pain, proprioception, vestibular func-
tion, and polypharmacy. In addition, knowledge gained
through falls-related education could mitigate fall risks
[18]. Figure 1 outlines a simplified schema of these key
modifiable risk factors potentially influenced by mul-
timodal chiropractic care. More comprehensive mod-
els that account for the complex interactions between
fall risk factors are described by Shumway-Cook and
Woollacott [30]. The evidence for multimodal chiro-
practic care influencing each of these factors is dis-
cussed below and schematically depicted in Fig. 1.

Musculoskeletal strength

Loss of musculoskeletal strength is a significant risk
factor for falls and fall-related fractures in older adults
[35, 36]. A meta-analysis of studies in older adults
reported that lower extremity weakness was associ-
ated with a 70% higher likelihood for any fall and 3-fold
increased risk for recurrent falls [37]. Individual studies
have implicated deficits in strength in toe flexor [38],
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knee extension [39], and hip abductor muscles [40].
Increased fall risk is also associated with upper extrem-
ity weakness [37], and more limited evidence suggests
correlations between diminished trunk muscle strength
and fall risk [41]. Experimental studies have also
reported that sub-normative levels of isokinetic and
isometric lower extremity strength increase the likeli-
hood of falling following an induced gait perturbation
[42, 43].

Interventions commonly used in multimodal chiro-
practic care have the potential to positively impact mus-
culoskeletal strength [44, 45]. These approaches can work
to improve strength of targeted sets of muscles, as well
as the efficiency of the overall musculoskeletal system.
However, evidence that a typical course of chiroprac-
tic care can improve musculoskeletal strength, specifi-
cally in older adults, is limited. One recent randomized
controlled trial (RCT) observed significant positive out-
comes regarding isometric strength and core endurance
in active-duty military personnel who received multi-
modal chiropractic care which included SM, education,
advice, and reassurance [46]. Another RCT of adults with
chronic non-specific neck pain, reported that a course of
SM combined with exercise led to greater gains in neck
strength and endurance as compared with a course of
physical therapy [47]. However, parallel studies targeting

chronic low back pain (LBP) did not report benefits of
SM to lower extremity strength [48].

A handful of smaller studies have also evaluated the
short-term impact of individual sessions of SM on
changes in muscle strength. One randomized controlled
crossover trial in elite Taekwondo athletes (17-50 vy)
reported that, compared with a passive control move-
ment, a single session of SM increased muscle strength
and corticospinal excitability to ankle plantar flexor mus-
cles [49]. Another study in younger healthy adults (mean
age 28 y) reported that lumbo-pelvic joint manipulation,
compared to a lumbar passive range of motion (ROM)
control, resulted in a significant increase in quadriceps
force and activation immediately following intervention,
but this was not sustained after 40 minutes [50]. Finally,
in healthy younger adults (<45 y) a single session of SM
targeting the sacroiliac (SI) joint resulted in increased
quadriceps muscle strength [51]. While the findings of
these studies support a potential benefit of SM on mus-
cle strength, because of the relatively young populations
evaluated, the results are not directly applicable to older
adults.

In addition to SM, other techniques commonly used as
part of multimodal chiropractic care also have the poten-
tial to impact musculoskeletal strength including pre-
scriptive or supervised rehabilitative exercise, myofascial
release, and other soft-tissue techniques [52] that center
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largely around improving muscle tone and function. One
RCT in the elderly compared the effectiveness of utilizing
core stabilization exercises alone versus combined myo-
fascial release technique and core stabilization exercise.
Improvements were seen in the combined care group’s
core stability endurance (measured by the supine bridge
test) [53]. The utilization of exercise which targets muscu-
lar strength, balance, and gait, is widely supported in the
literature as an effective component of multifactorial fall
prevention strategies [31, 54]. However, as with SM, evi-
dence regarding soft-tissue techniques is mixed [55, 56]
and delivery of these interventions by chiropractors spe-
cifically has not been evaluated in older adults.

Musculoskeletal flexibility

Lower extremity and trunk flexibility are also associ-
ated with fall risk . In two cross-sectional studies of older
adults, fallers exhibit decreased ankle dorsiflexion ROM
compared to those who did not fall [57, 58]. In another
cross-sectional study of older women, higher fall risk was
associated with decreased trunk flexion ROM [59]. Stud-
ies in older adults have also reported that reduced exten-
sion mobility of the lower spine [60], and less flexible
patterns of arm and trunk motions [61], are associated
with increased fall risk.

There is evidence to support that components of mul-
timodal chiropractic care can improve musculoskeletal
flexibility, with limited studies evaluating the impact of
SM alone on flexibility. One systematic review concluded
that some short-term SM protocols result in clinically
meaningful improvements in hamstring flexibility [62].
Another recent meta-analysis, evaluating the impact
of cervical high-velocity low-amplitude manipulation
reported a large positive effect on cervical ROM [45].
While links between cervical ROM and balance are not
well understood, it has been suggested that in patients
with neck pain there is a correlation between cervical
joint stiffness, the hypertonicity of upper cervical muscu-
lature, and the presence of dizziness [63].

Techniques used by chiropractors which target the
myofascial system such as Instrument Assisted Soft
Tissue Manipulation (IASTM) [64], proprioceptive
neuromuscular facilitation (PNF) stretching [65], and
myofascial release [66, 67] may positively impact muscu-
loskeletal flexibility. IASTM has shown benefit in multi-
ple reviews to improve ankle dorsiflexion in both athletic
and ordinary populations [64, 68, 69]. PNF stretching is
known to provide short term benefits to ROM [70]. In
one RCT, combined IASTM and PNF stretching showed
improvements in hamstring flexibility when compared to
static stretching [71]. There is limited evidence to sup-
port the success of myofascial release alone in improv-
ing ROM, but one recent systematic review reported
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some improvement in trunk flexibility when paired with
prescriptive stretching and exercise in patients with LBP
[72]. A comparative effectiveness trial in a physically
active young adult population evaluated the use of myo-
fascial release technique compared to Graston Technique
(an IASTM protocol) [73]. Results showed improvements
in ankle dorsiflexion with both treatments compared to a
no-treatment control group [73].

Pain

Pain has been shown to be an independent predictor of
falls [74-76]. Chronic pain is strongly associated with
poor gait measures, especially while performing cogni-
tively demanding tasks, which suggests that it may act
similarly to a cognitive distraction during walking for
elderly [75, 77]. Consequently, pain can contribute to dif-
ficulties with mobility and thus to an increased fall risk
[57, 75, 78—80]. Pain may have additional neuromuscular
effects that lead to lower extremity weakness and slower
response time, caused by both lack of physical activity
and reflex muscle inhibition [76, 81].

A substantiative body of research has evaluated the
potential for multimodal chiropractic care to reduce
or manage musculoskeletal pain. Recent systematic
reviews and meta-analyses have concluded that SM as
a part of multimodal chiropractic care has favorable
outcomes on pain severity in patients with chronic LBP
[82, 83] and acute LBP with radiculopathy [84]. Addi-
tional reviews also support that SM can be a beneficial
component of treatment plans for reducing the sever-
ity of both neck [85, 86] and LBP [87, 88]. Of note, one
review contrasted SM with both inactive and active
(mobilization) controls. Findings were variable but
indicated similar improvements in pain severity when
SM was compared to the active control, and short-term
improvements in pain severity when SM was compared
to an inactive control [86].

Systematic reviews support the use of myofascial mas-
sage to reduce pain in the short term for chronic neck and
back pain [89]. Myofascial massage has also been reported
as beneficial for improving multi-site pain [90] and post-
operative pain [84]. Several trials [68, 91, 92] and one sys-
tematic review [69] support the use of IASTM to reduce
pain severity. Preliminary research on PNF stretching
has shown improvements in pain intensity in adults with
chronic LBP [93].

Exercise to reduce pain severity and disability is recog-
nized in the literature as a crucial component of manag-
ing the severity of chronic neck and LBP [89, 94]. One
systematic review reported benefits with both progres-
sive aerobic training and progressive resistance train-
ing at reducing pain intensity [95]. Some benefit to
pain management has also been noted in structured or
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community-based exercise programs such as yoga [96]
and tai chi [94, 97].

Preliminary research also shows promise for addi-
tional therapeutic modalities used by chiropractors to
manage pain including transcutaneous electrical nerve
stimulation (TENS) [92] and superficial heat [84]. One
randomized controlled trial reported decreased pain
levels in patients with chronic LBP following a course of
combined TENS and IASTM [92, 98]. Further, reviews
have shown short-term benefit with utilizing superficial
heat to reduce pain severity [84, 99].

Proprioception

Proprioception is essential for normal functioning of
the body during movements, including maintaining
balance and spatial awareness [36, 100]. Age-related
decline in proprioception is associated with decreased
functioning in muscle spindle proprioceptors, resulting
in detrimental changes to sensitivity, acuity, and inte-
gration of sensory signals leading to increased risk of
falls [36, 101-103]. Inhibition of input from the ankle
specifically has been shown to negatively impact joint
position sense [104] and altered balance [101, 105, 106].
Additional signals from proprioceptors found in the
sole of the foot contribute sensory information regard-
ing changes in distribution of contact pressures and
the position of the body during stance and movement
[107, 108]. Furthermore, as a result of aging and comor-
bid conditions, like diabetic peripheral neuropathy and
lumbar nerve root impingement, sensitivity in these
regions decrease and are frequently associated with a
higher risk of falls [109-111].

While it has been suggested that SM can impact spinal
biomechanics, paravertebral muscle activation patterns,
and proprioceptor signaling [112], there is a paucity of
evidence supporting the benefits of components of mul-
timodal chiropractic care in enhancing proprioceptive
function. Early research has found decreased elbow joint
position sense in participants with subclinical neck pain
and reported no improvement of this measure following
cervical SM [113]. A more recent RCT found improve-
ments in ankle joint position sense in community-dwell-
ing older adults in the intervention group which received
multimodal chiropractic care (variable based on provider
discretion) [114]. Little research has been completed on
the direct effects of SM on plantar sensation.

Components of multimodal chiropractic care such as
soft tissue massage, prescriptive exercise, and kinesiol-
ogy taping have shown mixed effectiveness in enhancing
proprioception. Older adults who received massage fol-
lowing exercise saw benefit in measures of joint position
sense [115] and changes in plantar sensation have been
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observed following the use of plantar massage [116].
The use of prescriptive exercise for the direct purpose
of improving proprioceptive functioning is supported by
one study showing improvement with lumbopelvic motor
control exercise [117] but countered by another showing
no changes following tactile acuity training [118]. A pilot
study assessing the effectiveness of barefoot exercise on
fall prevention in older adults found favorable effects on
plantar sensation [119]. Lastly, another study reported
that the use of kinesiology tape had no significant effect
on lumbar repositioning errors [120].

Vestibular function

Along with proprioception and vision, the vestibular sys-
tem is a key contributor to postural stability and control
[36, 121]. Dizziness, a widespread and significant symp-
tom of age-related vestibular hypofunction, is associ-
ated with an increased fall risk [122, 123]. Data from
the National Health and Nutrition Examination Survey
supports a relationship in the elderly between vestibular
impairment and an increased risk of falling [124].

Evidence of chiropractic interventions to directly
address vestibular dysfunction in the elderly is limited,
but there is some which suggests procedures used within
chiropractic may be effective for managing symptoms
of dizziness. A small randomized trial evaluating the
effectiveness of instrument assisted cervical or thoracic
manipulation plus multimodal chiropractic care (manual
soft-tissue therapy, mobilization, prescriptive exercise,
and advice) reported favorable trends toward improve-
ment measured with the Dizziness Handicap Inventory
(DHI) [63]. More broadly, systematic reviews focused on
treatment of cervicogenic dizziness conclude that there is
moderate evidence to support the use of manual thera-
pies, including spinal mobilization and manipulation
[125, 126].

Some studies support a combination of other inter-
ventions which may be employed by chiropractors,
for example physical (repositioning) maneuvers and
exercise-based vestibular rehabilitation for longer-term
functional recovery, including decreased levels of diz-
ziness [127]. One study reported that the Epley maneu-
ver was effective for long-term reduction of nystagmus
among people with Benign Paroxysmal Positional Ver-
tigo (BPPV) [128]. Others showcase chiropractic clinical
utilization of the Epley maneuver for BPPV with posi-
tive results [129, 130]. Additional evidence supports that
movement-based interventions, which can be prescribed
by a DC as part of a treatment plan, including vestibu-
lar rehabilitation exercises and Tai Chi can improve diz-
ziness and balance resulting from vestibular dysfunction
[127, 131, 132].
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Polypharmacy

Polypharmacy, which entails the use of multiple medi-
cations at the same time, is yet another independent fall
risk factor in the elderly [133—135]. Several studies have
shown the impact of polypharmacy on increasing fall risk
in elderly populations, with some suggesting a mono-
tonic dose-response relationship between the number of
prescription drugs and the ensuing risk of injurious falls
[136-138]. Polypharmacy increases risk of falls through
adverse events such as dizziness and reduced cogni-
tive function [139]. Opioid pain medications have been
shown to either contribute directly to these symptoms, or
increase the likelihood of their occurrence through drug-
drug interactions [140].

Although the vast majority of chiropractors are not
trained or licensed to prescribe medications, through the
positive impact of non-pharmacologic interventions on
pain, it is plausible that chiropractic care can facilitate
reduced pain medication use. A recent retrospective study
utilizing medical claims data reported patients who saw a
chiropractor for their spinal pain had half the risk of filling
a prescription for opioids [141]. Others have found prom-
ising negative correlations between the use of chiroprac-
tic care and opioid prescription in both the private sector
and the United States Department of Veterans Affairs (VA)
[142, 143]. Further, a recent large-scale observational study
found that patients who had an initial visit for LBP with
a chiropractor had 90% lower risk of using opioids in the
short- and long-term, compared to those who sought their
initial care from a primary care physician [144]. A recent
systematic review and meta-analysis of observational stud-
ies in multidisciplinary healthcare systems reported that,
compared to patients who do not receive chiropractic care
for non-cancer pain, patients who do receive chiropractic
are 64% less likely to be prescribed an opioid [145].

While direct research evaluating the impact of utiliz-
ing specific chiropractic modalities on general medica-
tion use in the older population is scarce, early trials
have assessed medication use as a secondary outcome
measure. One study found significant decreases in the
duration of medication use in an elderly population after
receiving SM and completing prescriptive home exer-
cises [48]. The same team studied adolescent popula-
tions, comparing interventions of exercise therapy alone
or a combination of SM and exercise therapy, reporting
an 80% decrease in medication use for both interventions
[146]. Longer-term trials of prescriptive exercise have
reported small but beneficial trends toward reducing
medication use over time [147, 148].

Education
Patient-centered education efforts have been acknowl-
edged by the CDC as an essential part of fall prevention
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[18]. The efficacy of a multifactorial educational fall pre-
vention program showed positive outcomes regarding
functional improvements of an elderly population [149].
Several studies have shown benefit in reducing hospital-
based falls by administering educational videos to both
patients and families [150, 151]. The inherent multifacto-
rial nature of education enhances its applicability in mul-
tiple settings by utilizing techniques such as structured
health education classes, brochures, or home hazards
evaluation.

Chiropractors are well-positioned to provide edu-
cational fall prevention efforts, as older patients are
increasingly selecting manipulative therapies [20], and
chiropractors frequently witness the outcomes of falls in
their older patients [152]. One study suggests an impor-
tant role of chiropractors in fall prevention may be in
providing appropriate referral to patients with a history
of falls [153]. Through evaluation of gait patterns they can
also advise on footwear or determine if a podiatric inter-
vention is necessary [153]. Other studies support a more
active role of chiropractors as patient educators, offering
advice to address environmental fall hazards in the home
such as poor lighting, uneven or torn carpets, slippery
floors and unsteady stationary objects [18]. However, the
effectiveness of fall prevention-related education deliv-
ered by chiropractors has not been well studied.

In summary, an incomplete but growing and compel-
ling body of studies support the concept that multiple
components of chiropractic care, both independently and
together, may positively impact key risk factors for falls
in older adults. Below we present the findings from a for-
mal systematic review of published studies evaluating the
effect of chiropractic care on fall prevalence, as well as its
impact on clinical measures of balance and gait associ-
ated with fall risk.

Systematic review of the impact of chiropractic care

on falls, postural control, and gait health

The primary goal of this systematic review, embedded
within this broader narrative review, is to identify and
synthesize studies to date that evaluated the impact of
components of multimodal chiropractic care on preva-
lence of falls. Given the limited evidence on this topic,
and the well-established link between clinical measures
of balance and gait and fall risk [29, 154, 155], we also
include studies that have assessed the impact of chiro-
practic care on balance and gait related outcomes. Spe-
cific components of the chiropractic scope of practice
assessed in this review include SM, myofascial therapies,
thermal modalities (hot and cold packs), and prescriptive
rehabilitative exercises. To be comprehensive, our search
was neither limited to a specific timeframe, nor by popu-
lation, medical conditions, or intervention duration.
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Methods

Literature search

Electronic literature searches were performed using Pub-
Med, Embase, Cochrane Library, Physiotherapy Evidence
Database (PEDro), and Index to Chiropractic Literature
(ICL). The search was limited to the English language,
and publication dates ranged from database inception
to June 27, 2022. The search terms included, for exam-
ple, “chiropractic,” “chiro*, “manipulation” in combina-
tion with “gait, “falls,” “vestibul®’, “dizz*; or “balance”
Additional manual searches, based on references listed
in the retrieved articles, were performed to complete the
search. The full list of search terms is detailed in Table 1.

Eligibility criteria and synthesis

RCTs, prospective non-randomized controlled tri-
als, observational single arm clinical trials, and crosso-
ver studies published in English, in which chiropractic
manipulation or multimodal care was the primary inter-
vention and the changes in falls, clinical measures of gait,
balance and balance related outcomes (e.g., vestibular
function, proprioception, dizziness) were the outcomes
measured. Due to the great heterogeneity and small sam-
ple sizes of the identified studies meta-analysis was not
employed. Synthesis was limited to narrative summaries.

Study selection and data extraction

Study eligibility assessment was performed indepen-
dently by three researchers (WG, DMV, and WB) who
applied eligibility criteria using an agreed upon proto-
col. Data were extracted by three reviewers (WG, DMV,
and WB) independently using a standardized template
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generated in Microsoft Excel. Data related to study
design, duration and frequency of the intervention pro-
gram, type of the control group, sample size, and out-
come measures were extracted for qualitative analysis in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses checklists (PRISMA)
and are reported in Additional Files 1 and 2 [156].

Risk of bias assessment

Three researchers (WG, DMV, and WB) independently
assessed the methodological quality of 13 RCTs and
randomized crossover studies, using the updated 8 item
Cochrane Collaboration Tool for assessing risk of bias
[157]. The assessed criteria which included: random
sequence generation, allocation concealment, blind-
ing of participants and personnel, blinding of outcome
assessment for self-reported and objective measures,
incomplete outcome data (attrition rates or intention to
treat), selective reporting, and other bias (e.g., carry-over
effects in cross-over trials or recruitment bias in rand-
omized controlled trials) [157]. The evaluated domains
were assessed as low risk of bias (“+”), unclear risk of bias
(“?”), high risk of bias (“-“), or, in certain cases, not appli-
cable (“N/A”) according to the established criteria [58].
Any discrepancies in the evaluations conducted by two
authors were discussed, and when need, resolved with
the input of a fourth evaluator (PMW).

Results

Figure 2 summarizes the flow of the literature search and
selection process following PRISMA guidelines. An ini-
tial search identified 889 records from multiple databases

Table 1 Databases included in electronic literature search and search terms used for each

Literature Searched Search Terms

PubMed (chiropractic [Mesh] OR chiro*[Mesh] OR chiropractic [tiab] OR chiro* [tiab] OR “chiro* manipulation”) AND (gait [Mesh] OR gait
[tiab] OR fall [Mesh] OR fall [tiab] OR balance [mesh] OR balance [tiab] OR vestibul* OR dizz*)

Embase (‘chiropractic’/exp. OR chiropractic OR chiro OR chiropractice OR ‘chiropractice care’ OR (chiropractice AND (‘care’/exp. OR care)))
AND (gait’/exp. OR gait OR ‘exp gait’ OR (exp AND (‘gait'/exp. OR gait)) OR ‘falling’/exp. OR falling OR 'balance’/exp. OR balance
OR‘exp balance'OR (exp AND (‘balance’/exp. OR balance)) OR vestibular OR dizz*or dizzy’ OR (dizz*or AND dizzy))
AND (Article'/it ORArticle in Press'/it)

Cochrane Library (chiropractic or chiro):tiab,kw AND (gait or fall or balance or vestibular):ti,ab,kw

PEDro 1. chiro* AND gait
2. chiro®* AND fall*
3. chiro* AND balance
4. chiro* AND vestibular
5. chiro* AND dizz*

ICL All Fields:chiro* AND All Fields:gait OR All Fields:fall* OR All Fields:balance OR All Fields:vestibular OR All Fields:.dizz*, Publication

Type:Clinical Trial

OR All Fields:chiro* AND All Fields:gait OR All Fields:fall* OR All Fields:balance OR All Fields:vestibular OR All Fields:dizz*, Publica-

tion Type:Randomized Controlled Trial

OR All Fields:chiro* AND All Fields:gait OR All Fields:fall* OR All Fields:balance OR All Fields:vestibular OR All Fields:dizz*, Publica-

tion Type:Controlled Clinical Trial
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-% Records removed before
o Records identified from screening:
= databases (n = 889) Duplicate records removed
5 (n=131)
=
—
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)
Records screened Records excluded
(n=758) (n=725)
\ 4
Reports sought for retrieval Reports not retrieved
= (n=33) > (n=1)
c
o
g
& \4
Reports assessed for eligibility Reports excluded:
(hn=32) - Thesis (n = 1)
Wrong intervention (n = 2)
Wrong outcome (n = 3)
Intervention not provided by
chiropractor (n = 5)
—
\4

Studies included in review
(n=21)

Fig. 2 Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow chart

and manual searches. Removing duplicates resulted in
758 records. The title and abstracts of these records were
screened according to the inclusion criteria. A total of 32
full text articles met the initial eligibility criteria and were
further reviewed. An additional 11 studies were excluded
for no chiropractic intervention (n=2), the intervention
not being delivered by a chiropractor (n=5), not report-
ing the outcomes of interest (n=3), and a thesis (n=1).
Of the remaining 21 eligible studies, 10 were RCTs [27,
46, 63, 114, 158-163], 6 were single arm clinical trials
[164—169], and 3 were cross-over studies [170—172]. One
case series [173], and one observational study [34] were
included.

Seven of the studies were purely descriptive and did not
include inferential statistics [34, 63, 158, 159, 164—166].
Fourteen of the included studies utilized inferential statis-
tics, and reported p-values are included, when possible, in
the summary of main findings [46, 114, 160-163, 167-174].
Only three prospective studies had sample sizes greater

than 100 [46, 161, 174]. The remainder had small sample
sizes (<32 per group) and thus were likely underpowered
for formal inferential statistical analyses [114, 160, 162,
163, 167—-173]. Three of these smaller studies included a
power calculation completed a priori [114, 170, 172] and
one was completed as part of the post hoc analysis [162].
The remaining studies did not complete power calculations
[160, 163, 167-169, 171, 173].

Participants’ characteristics and study settings

Table 2 summarizes the 21 included studies, reporting
the most relevant findings pertaining to this system-
atic review. A total of 976 subjects were included. Data
on baseline demographic characteristics regarding age
were not reported in three studies [167-169], two studies
reported median age of participants, and thus were not
included in calculation of average participant age [164,
166]. Of the remaining 16 studies (2=909), the aver-
age participant age was approximately 52.25years. Two
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studies did not report gender distribution [168, 169] and
of the remaining studies (n=965) approximately 48%
of participants were female and 52% were male. Two of
the 21 studies recruited young and healthy adults (20—
40vears of age) [171, 172], and 8 studies included older
adults (604 years of age) [34, 63, 114, 158, 159, 161, 165,
174]. Five studies enrolled participants with SI joint con-
ditions [160, 167-169, 173], 4 included subjects with
neck pain or vertigo [63, 161, 164, 166], and 2 focused
on subjects with LBP [46, 169]. No studies specifically
included populations at high risk of falling.

Intervention and control group characteristics
Interventions are summarized in Table 2. Interventions
employed within the scope of chiropractic practice were
used in all 21 studies. The most commonly used interven-
tions were SM (high-velocity low-amplitude (HVLA) or
low-velocity mobilization) [34, 46, 114, 158-160, 162—
170, 173], soft tissue manipulation (myofascial release
and stretching) [63, 158, 159, 164—166], and thermal
therapies (hot or cold packs) [63, 158, 159, 165, 166].
Two studies combined the chiropractic intervention with
supervised rehabilitative exercises (SRE) [27, 161]. Nine
studies utilized specific techniques such as bioenergetic
synchronization (n=1) [158], Activator II'™ instrument
assisted manipulation (r=1) [63], flexion-distraction
(n=1) [166], or specific joint manipulation such as the
extremities (n=2) [171, 172], ilium elongation (n=1)
[162], and SI joint mobilization (n=3) [163, 168, 169].

Intervention duration ranged from a single session to
20 sessions delivered over 12weeks. Individual interven-
tion sessions ranged from 4 to 30 minutes, and the fre-
quency of sessions varied between 1 to 3 times per week.
Six studies adjusted the frequency and quantity of the SM
based on individual needs of participants [34, 46, 114,
161, 164, 174].

Thirteen out of 21 studies used comparison groups in
their design. Three studies compared SM with an inactive
or waitlist control group [46, 162, 163]. Four used home-
based balance exercises or a mix of SM and exercise
[158-161], and one compared a short-duration of these
combined treatments to a long-duration [174]. One study
used sham manipulation [63], and one used usual care as
their comparison groups [114]. Finally, three studies used
a crossover design; one used SM in combination with
facet nerve blockade [170] and two used upper extrem-
ity and lower extremity manipulation in alternating order
(171, 172].

Outcome measures

Findings of the included studies were organized into 3
categories within the following text with respect to their
outcomes, which included falls (n=4) [114, 158, 159,
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174], balance (n=11) [34, 46, 63, 158, 159, 164—166,
170-172], and gait (n=10) [63, 114, 160-163, 167-169,
173]. These outcomes were considered even when they
were not identified as the primary outcome of the study
by the authors. Some studies included more than one cat-
egory of outcomes (n=>5) [158, 159, 164, 170, 174].

Four studies reported frequency of self-reported falls;
three measured falls prospectively as a secondary out-
come measure or as part of adverse events monitoring
[114, 158, 159, 174], and one observational study used
self-reported falls as a covariate for a separate analy-
sis on neck pain [34]. Clinical measures of balance
included the Berg Balance Scale (BBS) (n=4) [34, 158,
159, 165] and short form (SF)-BBS (n=1) [166], meas-
ures of center of pressure (n=1) [34], posturography for
standing sway/stability (n=4) [34, 170-172], single leg
balance assessments (n=4) [46, 158, 159, 165], Activ-
ities-specific Balance Confidence Scale (n=1) [34],
DHI (n=5) [63, 158, 159, 165, 166], and vertigo sever-
ity (n=1) [164]. Measures of gait or mobility included
gait symmetry (n=4) [160, 167-169], Timed Up and Go
(TUG) (n=2) [63, 161], stepping reaction time (n=1)
[114], double support time (n=2) [162, 163], and gait
variability (n=2) [162, 163].

Adverse events

Ten of the 21 studies provided limited descriptions of
their AE monitoring protocols or procedures [46, 63, 114,
158, 159, 161, 165, 166, 172, 174]. All of these reported
AEs related to the provided interventions or study pro-
cedure including muscle soreness, neck pain, back pain,
stiffness, dizziness, and headaches, which resolved within
a range of 24-72h post-manipulation. Only one study
reporting AEs mentioned a serious AE that was unrelated
to the study intervention [161].

Risk of bias assessment

Ten RCTs and three cross-over studies were assessed for
risk of bias (Table 3 and Fig. 3). Randomization generation
procedures were described in 10 (77%) studies; of those
none had a high risk of bias. Low risk of bias was present
in 6 studies (46%) for the allocation concealment and only
in 1 (8%) for participants’ blinding. 5 studies (38%) did not
collect any self-reported outcomes, while the remaining
studies had differing risks of bias in this domain with 3
(23%) reporting low risk of bias, 1 (8%) reporting unclear
risk of bias, and 4 (31%) reporting high risk of bias. Risk of
bias associated with objective measures was low for 9 stud-
ies (69%), unclear for 3 (23%), and high for 1 (8%). 11 stud-
ies (85%) had low risk of bias for incomplete outcome data
and selective reporting, while for the remaining 2 studies
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Table 3 Results from risk of bias assessment for RCTs (n = 13) and crossover studies (n = 3)

Author Random Allocation Blinding Blinding of Blinding of Incomplete  Selective Other bias
sequence concealment of the outcome outcomes outcome reporting
generation participants  assessment - assessment data

self-reported - objective
outcomes measures

Hawk-2007 [158] + ? - - + + +

Hawk-2009-Pilot  ? NA - - ? ? + N/A

[159, 165]

Herzog-1991 ? - - - - + + -

[160]

Holt-2016 [114]  + + - ? + + + N/A

Kendall-2018 [63] + ? + + + + + +

Maiers — 2014 + + - + + + + ?

[1e1]

Maiers-2018 271 + + - + + ? ? ?

Malaya-2020 + + - N/A + + + +

[171]

Malaya-2021 + ? - N/A + + + +

[172]

Palgrem-2009 ? + - N/A + + + N/A

Vining-2020 [46] + + - - + + + +

Ward-2013[162] + - - N/A + + ? _

Ward-2014[133] + - - N/A ? + + -

Bias assessment for the RCTs and crossover studies identified through the systematic search. Risk of bias assessment with 8 categories for each individual study

Other bias

Incomplete outcome data

setecive reporing.

Blinding of outcomes assessment - objective measures

Blinding of the outcome assessment - self-reported outcomes

Blinding of the participants

Allocation concealment

Random sequence generation

0

N

20% 40% 60% 80% 100%

mLow Unclear mHigh =N/A
Fig. 3 Pooled risk of bias across the 10 RCTS and 3 crossover studies and summarized for each of the 8 reviewed categories
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(15%) the risk of bias was unclear. High risk for other bias
was present in 3 studies (23%), while it was unavailable in 3
(23%) and low in 7 (54%).
Summary of main findings Impact of Chiropractic Care
on Falls, Balance, and Gait.

Direct measures of falls

Four studies prospectively measured the impact of a chi-
ropractic intervention on fall frequency [114, 158, 159,
174]. Maiers and colleagues evaluated falls as a secondary
outcome in a RCT assessing the effectiveness of a long-
term combined chiropractic and exercise intervention
(36 weeks) compared to a short-term treatment plan con-
sisting of the same combined interventions (12weeks)
for spinal disability (#=182) [174]. Fall incidence was
assessed through self-report and direct questioning by
the study staff at a clinical encounter every 12 weeks and
collected for a 78-week period. In the short-term treat-
ment group, the proportions of fallers reported at each
12-week measure ranged from 6 to 13%; in the long-term
treatment group, values ranged from 10 to 13%. Between
group differences were not statistically different at any
measurement time, and within group changes were not
reported for the falls data.

Two small RCTs that used multimodal chiropractic
care as an intervention also reported on fall frequency. In
2007, Hawk and colleagues randomly assigned patients
(n=11) to two groups that received either multimodal
chiropractic care or supervised exercise twice weekly
for 8 weeks total [158]. Data on fall frequency and sever-
ity was collected at an intake interview section at each
appointment, and during an exit interview following
study completion. No obvious trends in fall frequency
were observed; no statistical analyses were performed.
A follow-up study by the same group compared three
groups (n=34)—— short-term multimodal chiropractic
care (group 1), long-term multimodal chiropractic care
(group 2), and home based exercise (group 3) [159]. Fre-
quency of falls were collected through direct questioning
at each chiropractic visit and multiple outcome assess-
ments over a period of 1 year. Group one, two and three
had six, nine, and zero reported falls, respectively; no
statistical analyses or descriptive statistics were reported.
Lastly, an RCT (n=60) by Holt and colleagues docu-
mented falls as part of adverse events monitoring, report-
ing seven total falls over the 13-month study period; five
in the control group and two in the intervention group
[114]. No statistical analyses were reported.

One other study by Holt and colleagues ascertained the
history of falls retrospectively from 101 older (mean age
72 y) chiropractic patients using structured interviews,
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and reported that 34.6% experienced a fall in the previous
year; however, no attempt was made to evaluate whether
fall history was associated with any aspect of the received
care [34].

Clinical measures of balance

Various measures of balance were collected across 11
studies (total n=391) [34, 46, 63, 158, 159, 164166,
170-172]. Five studies used BBS or SF-BBS to assess bal-
ance characteristics among the study participants, with
lower scores indicating a greater risk of falling [34, 158,
159, 165, 166]. A small RCT (n=11) by Hawk and col-
leagues reported a trend towards improvements in the
BBS scores (diminished fall risk) following 8weeks of
multimodal chiropractic care [158], but no descriptive
or inferential statistical analysis was used in this study.
Similar descriptive trends were reported in another small
pilot RCT (n=34) conducted by the same group [159].
Another pre-post single arm study (z=21) limited to
descriptive statistics reported that 7 of the 15 patients
over the age of 50 treated with multimodal chiropractic
care, attained at least a 4-point improvement in the SF-
BBS over the 8-week study period, suggesting a possible
reduction in fall risk [166]. In another small (7 =14) sin-
gle arm clinical trial assessing multimodal chiropractic
care on older adults, findings were limited to descriptive
statistics and suggest SF-BBS was largely unchanged after
16 visits [165]. Finally, an observational study (n=101)
described, on average, relatively high BBS scores amongst
participating chiropractic patients [34].

Four eligible studies used single leg standing out-
comes to assess the balance among the participants who
received multimodal chiropractic care [46, 158, 159, 165].
One study utilized a single-leg protocol with eyes open
and eyes closed, timed with floor sensors (n=109) [46].
Findings from this study indicated statistically significant
and favorable results with eyes closed in the group receiv-
ing chiropractic care vs. the control group (p=0.01),
but no difference in single-leg balance with eyes open
(p=0.43). The remaining three studies used the one-leg
standing test (OLST) including two RCT’s (n<20 per
group) and one single arm clinical trial (m=14). Studies
assessed varying frequencies of multimodal chiroprac-
tic care. None of these three studies used formal infer-
ential statistics to assess the change in OLST over time.
Descriptive summaries of findings suggest no consistent
or clinically meaningful changes in OLST scores over the
study period.

Another 4 studies used various measures of pos-
turography and standing stability to assess balance
[34, 170-172]. One small crossover study (n=6)
reported outcomes of posturography, which suggested
no significant trends either on anteroposterior (AP) or
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mediolateral (ML) axis over the study periods [170]. In
an observational study of elderly chiropractic patients
(n=101), posturographic stability measures includ-
ing center of pressure and vertical force, were collected
from 60 participants standing on a force plate for 20s
with their eyes closed, and large impairments were
observed [34]. Two crossover RCT studies utilized sen-
sors that gathered outcomes of AP and ML translation,
rotation (pitch and roll), pathlength, range, and Sample
Entropy (SampEn) from three different anatomic loca-
tions (occiput, second sacral tubercle, and the surface
participants stood on) during static postural assess-
ments before and after chiropractic manipulation of the
extremities [171, 172]. One of these (n=24) reported
significant improvements from the sensors at the sec-
ond sacral tubercle and surface during the AP rocker
board condition following upper extremity manipu-
lation (both path p<0.05). Significant improvements
were also reported after lower extremity manipulation
from the same sensor location and during the same
surface condition (SampEn p<0.05). Additionally,
greater improvements were reported in range (p <0.05)
from the second sacral tubercle sensor in the upper
extremity manipulation group when compared to the
lower extremity manipulation group. The second study
(n=23) followed a similar design, but recorded out-
comes related to center of pressure (COP) from force
plates rather than from different surface conditions. A
reduction of pathlength in the ML COP was observed
after both upper and lower extremity manipulation
(p = 0.005).

Five studies collected data on dizziness using the DHI
(n=104) with mixed and inconclusive results [63, 158,
159, 165, 166]. An RCT by Hawk (n=34) showed sig-
nificant improvements from baseline DHI scores in the
two intervention groups receiving different durations of
multimodal chiropractic care compared to one group
completing balance exercises [159]. Another RCT
(n=24) by Kendall and colleagues showed DHI scores
with over 10 points decrease in both the interven-
tion (4weeks of multimodal chiropractic care includ-
ing instrument assisted spinal manipulation, massage,
heat, and exercise) and sham intervention groups [63].
A third RCT (n=11) and a single arm clinical trial
(n=21) utilized intervention groups which received
16 sessions of multimodal chiropractic care. Both tri-
als showed little to no improvement in DHI scores
[158, 166]. An additional small single arm clinical trial
(n=14) utilizing the same intervention showed mixed
results regarding participant’s DHI scores following
the intervention period [165]. Lastly, a single arm clini-
cal trial (n=15) completed by Bracher and colleagues
measured the severity of cervical vertigo symptoms
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following a novel combined treatment intervention
including spinal manipulation, electrotherapy, medica-
tion and biofeedback exercise. Results showed that 12
of the study participants experienced either remission
or improvement of cervical vertigo over the course of
treatment; however, the results varied by the measured
severity of the subjects’ vertigo [164].

Gait

Ten studies collected data on mobility and gait health
parameters (total n=434) [63, 114, 160-163, 167-169,
173]. Two studies used TUG tests to assess mobility in
older adults (n=265). Maiers and colleagues reported
on TUG test times in two experimental groups, one
receiving multimodal chiropractic combined with home
exercise and one receiving SRE combined with home
exercise, as well as one control group which completed
only home exercise [161]. Results showed no significant
between group differences in TUG test time measures
taken at 12weeks compared to baseline [161]. Measures
from two-arm RCT by Kendall and colleagues (n=24)
reported small TUG test time improvements in the group
receiving chiropractic between baseline and 4-week com-
pletion, however no statistical analysis was performed
[63].

In an RCT (n=60) comparing individualized chiro-
practic treatment vs ‘usual care’ in community-dwell-
ing older adults [114], chiropractic treatment lead to
improvements in choice stepping reaction time (p <0.05)
and ankle joint position sense (p<0.05) compared to
the control group [114]. Two small RCTs (n=11) com-
pleted by Ward and colleagues measured the impact of
bilateral SI joint manipulation on gait variability (defined
as approximate entropy of the hip, knee, and ankle
joint angles over multiple gait cycles) captured with a
VICON motion analysis system among individuals with
a leg length inequality [162, 163]. Neither of these studies
reported improvements in gait variability measures fol-
lowing the intervention [162, 163].

A 2-week single arm clinical trial (#=11) by Herzog
and colleagues utilizing force platform analysis, resulted
in a statistically significant difference between the dis-
tribution of gait loading forces (i.e., vertical and medi-
olateral) post SI joint manipulation [167]. Reduction in
pain on visual analogue scale was also associated with
improved gait parameters and decreased ground reaction
forces in AP and ML directions, indicative of decreased
gait asymmetry [167]. However, the results from follow-
up studies by Herzog and colleagues were not consistent.
In a single arm clinical trial (m=11) no changes in gait
asymmetry were found following a single manipulation
session [168], while a 4-week RCT (n=37) completed
afterwards showed a significant improvement on all
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measured ground reaction forces in the spinal manipu-
lation group compared to a physiotherapy ‘Back School’
intervention [160, 168].

Another small single arm clinical trial (n=9) evaluated
the effect of a single manipulation by utilizing force plat-
form analysis which measured temporal and kinetic vari-
ables, and showed SI joint manipulation has a tendency
to reduce gait asymmetries assessed through a symmetry
index [169]. Conversely, a biomechanical analysis of gait
conducted in a 5-week case series (n=10) focused on the
use of mechanical and manually assisted SM for SI joint
mobility, showed no differences in gait or gait asymmetry
in study subjects pre- and post- treatment [173].

Discussion

The initial narrative section of this paper on the impact of
chiropractic care and its individual component modali-
ties on multiple fall-related risk factors supports the idea
that chiropractic care targeting musculoskeletal strength
and flexibility, pain, proprioception, vestibular function,
polypharmacy, and education could be a promising inter-
vention for reducing falls and improving balance and
mobility in older adults. However, our embedded formal
systematic review did not identify a single clinical trial
designed and adequately powered to directly evaluate the
long-term impact of chiropractic care on the prevalence
of falls in older adults. Moreover, the majority of stud-
ies evaluating the impact of chiropractic care on clinical
measures of balance and mobility known to be associ-
ated with fall risk, were small, statistically underpowered,
of low methodological quality, and typically did not tar-
get older adults at risk for falls. Thus, while the potential
seems to be clear, our findings both highlight a significant
gap in the evidence base for the use of chiropractic care
for fall prevention, and underscore the need for devel-
oping future directions for research evaluating both the
effectiveness of chiropractic care for reducing falls and
fall-related injuries in older adults. Our findings also
point to the need for research aimed at understanding
the mechanistic processes through which the individual
and combined components of chiropractic care impact
fall-related risk, which could help refine and target inter-
vention to meet the needs of populations with specific
risk factors and related comorbidities.

Four clinical trials prospectively measured the impact
of elements of chiropractic care on falls. The largest and
most methodologically sound study was a 2 arm RCT
by Maiers and colleagues that compared two durations
of combined chiropractic care with SRE, and collected
falls data via self-report [174]. Findings from this study,
however, are limited by lack of a non-intervention con-
trol group and lack of information regarding the statisti-
cal power required to detect between group differences
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in falls (which were defined a priori as a secondary out-
come). Variability in how and when falls data were col-
lected, and complete reliance on self-report and recall,
with no method to adjudicate falls, also limit the rigor of
this and all studies in this review with respect to evaluat-
ing falls [175]. A second study was also not designed or
powered for detecting changes in fall frequency follow-
ing an intervention, with information only collected as
part of adverse events monitoring [114]. Additionally,
both studies completed by Hawk and colleagues were
also underpowered to detect falls and data were not sta-
tistically analyzed [158, 159]. Collectively, these studies
illustrate the challenges researchers face in quantifying
fall frequency in the context of clinical trials. Recent tri-
als on multifactorial fall prevention programs offer some
guidance for improving the rigor associated with estimat-
ing fall frequency including combining the use of patient
completed fall logs with systematic phone or in-person
queries [176-180], or adjudicating logs with reports
embedded within medical records (e.g., emergency
department visits or radiographic records [181-183].
Other approaches that leverage emerging technologies
include the use of wearable sensors or camera-based
home surveillance for long-term continuous monitoring
of high-risk populations [184, 185].

The most commonly assessed outcome measures in the
studies identified by our formal systematic review were
related to measures of balance and gait. With respect to
balance, five studies collected BBS (or SF-BBS) scores
[34, 158, 159, 165, 166], which in recent reviews has
shown conflicting agreement for its suitability in pre-
dicting falls [186, 187]. Five of the included studies col-
lected DHI scores [63, 158, 159, 165, 166], which is a
widely accepted clinical measure for assessing the impact
of dizziness on quality of life and activities of daily liv-
ing [188, 189]. All of the studies reporting BBS (or SE-
BBS) and DHI scores were small and used descriptive
statistics to report their data, therefore no conclusions
can be drawn on the impact chiropractic care may have
on either of these outcomes. Four studies collected pos-
turography measures for standing sway or stability using
ground reaction forces from force plates or body sensors
[34, 170-172], and an additional four collected measures
of gait symmetry [160, 167-169]. While each of these
clinical balance outcomes evaluated has shown some
links to fall risk [154, 187, 190—192], there remains much
debate about the best measures of balance for predicting
falls [193-195]. Future studies should consider recently
validated outcome measures, which take into account
the dynamic conditions of balance such as the Balance
Evaluation Systems Test (BEST), or miniBEST, which
have shown promise in identifying and differentiating
balance and gait deficits [196—198] as well as correlations
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to falls in the older population [199, 200]. Similarly, mul-
tiple characteristics of gait, including speed and stride
time variability, have also been associated with fall risk
[154]. Unfortunately, most of the identified studies that
evaluated gait were small and did not include statistical
analyses, limiting their contribution to our understand-
ing of chiropractic care on mobility and fall prevention.
Well-designed studies evaluating the impact of chiro-
practic care on key parameters of gait health in at risk
older adults should be a priority area for research. In
addition to outcomes associated with gait health inform-
ing practical issues of mobility and functional ability to
engage in everyday activities of daily living, they also pro-
vide insight into the biomechanical and neurophysiologi-
cal processes underlying fall risk. There is also growing
evidence that gait assessed outside the laboratory using
wearable sensors, during activities of daily living, may be
particularly helpful in predicting falls, and thus future
studies should also consider outcomes assessing gait
under daily living conditions [201, 202].

Proposed strategies for building an evidence base

to inform the role of chiropractic in fall prevention

Below we propose several strategies that may be used
to begin addressing the evidence gap related to chiro-
practic care and fall prevention. While ultimately, fully
powered multi-site RCTs will provide the least biased
and most rigorous source of evidence, given both the
cost of such trials as well as the current paucity of stud-
ies to inform their design, large scale RCTs may not be
the most effective strategy for beginning to build an evi-
dence base. Rather, initial approaches which aim to build
foundational knowledge to inform such trials, includ-
ing the leveraging of existing large healthcare databases
for observational or retrospective analyses, pilot clinical
trials, and mechanistic studies to better understand the
effects of specific components of multimodal chiroprac-
tic care on known fall risk factors are likely to yield the
most pragmatic and initially informative evidence.

Observational studies leveraging existing databases

One practical first step to better understanding the
association between chiropractic care and fall risk
would be to leverage data from existing large data-
bases available through managed care facilities, health
claims data, and clinical systems such as the VA. Previ-
ous studies utilizing such databases, for example, have
determined that chiropractic care is associated with
reduced likelihood of adverse drug events [203] and
filling opioid prescriptions [204], as well as determin-
ing correlations between chiropractic patient charac-
teristics (i.e. gender, age, body mass index) and clinical
outcomes such as pain and disability [205, 206]. Such
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databases could be leveraged to characterize the rela-
tionship between incidence of falls related outcomes
and prior and/or future exposure to chiropractic care.
For example, retrospective analyses could include com-
parisons between chiropractic and non-chiropractic
patients in terms of frequency of reported falls, fall-
related injuries, and medical costs associated with falls.
Importantly, large databases could include invaluable
information related to comorbidities (e.g., pain condi-
tions, depression), risk factors for falls (e.g., polyphar-
macy), and multiple sociodemographic factors known
to impact fall risk. Integrating these variables into
thoughtful, pre-specified analyses could lead to more
focused, population specific hypotheses to evaluate
in clinical trials. Such approaches could rely on well-
established statistical approaches, including multivari-
ate modeling, propensity score matching, and machine
learning [207-211].

One potential challenge in retrospective studies
using databases could be the availability of consistent
and reliable data on falls. Prior studies suggest that
this information is not always clearly coded in an elec-
tronic medical record but may be obtained through
more innovative methods such as natural language
processing or machine learning algorithms applied to
medical notes within electronic health records. Several
approaches have been shown to be successful utilizing
International Classification of Disease codes in medical
claims data to determine risk of opioid prescription for
chiropractic patients [141, 181, 212-216] and develop-
ing sophisticated algorithms for the analysis of falls and
related outcomes such as injuries and cost [181]. Chiro-
practic health care services at the VA show promise in
this regard due to both the increasing number of chiro-
practors nationwide in their complete health care sys-
tem and previous research which has extracted data on
falls utilizing the above-described methods [217].

Another alternative observational study approach
would be a non-randomized prospective cohort
study with a non-exposed group control. For exam-
ple, patients in a large Health Maintenance Organiza-
tion who are screened for high fall risk and enrolled
in chiropractic care could be longitudinally and sys-
tematically monitored for fall related outcomes and
compared to equivalent patients not receiving chi-
ropractic care. Advantages to this approach include
interventions reflecting real-world care, reduced effort
in patient recruitment, and higher enrollment rates
(due to certainty of allocation). Limitations to this
approach include difficulty in matching groups with
respect to potential confounders even with large sam-
ple sizes. As with retrospective observational studies,
non-randomized prospective trials may be useful in the
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early stages of research by informing design features of
future randomized trials, such as most responsive pop-
ulation, dosage for exposure, and specific components
of multimodal interventions.

Randomized controlled trials

An essential step to further progress in building an evi-
dence base for chiropractic services in the realm of fall
prevention would be the initiation of large-scale pro-
spective RCTs specifically targeting adults at risk for
falling, fully-powered to detect changes in frequency
and severity of falls. Based on both the general litera-
ture on the efficacy of multifactorial interventions for
falls [201], as well as the effectiveness of chiropractic
care for many musculoskeletal conditions, the evalu-
ated chiropractic interventions should be multimodal
as opposed to isolated components (e.g. SM alone).
Promising interventions provided by chiropractors
should likely include combinations of SM, myofascial
therapies, supervised and prescriptive exercise, and
self-management strategies. Pragmatic designs might
be used to evaluate the relative effectiveness of different
combinations of these interventions, different dosages,
and different strategies for implementation (e.g., com-
bining in person care with virtual education or exercise
training). Comparisons may also be made to existing
programs recommended by the National Council on
Aging, such as Tai Chi or Otago, or usual medical care,
employing comparative effectiveness designs, or equiv-
alency or non-inferiority designs [218, 219]. As noted
above, advances in digital medicine regarding the use
of wearable devices have recently established the rela-
tionship between everyday gait and injurious falls in
the older population, providing an alternative approach
to objectively assessing gait health and fall risk follow-
ing well-defined exposures [202, 220]. Finally, these
studies could be combined with data regarding medical
utilization and costs to evaluate the cost effectiveness
of these interventions.

As with every large-scale trial, smaller scale feasibility
and pilot trials should be conducted to inform final study
features including recruitment and retention procedures,
fidelity of intervention delivery, selection of primary and
secondary outcomes and protocols for outcomes assess-
ment, infrastructure for data management and ethical
oversight across multiple sites. Consolidated Standards
of Reporting Trials (CONSORT) and other guidelines for
the design and reporting of pilot clinical trials are now
widely available [221, 222].

Additional consideration could be given to experi-
mentally evaluating the benefits of delivering existing
validated fall preventions resources to chiropractic pro-
viders in order to better identify fall risks within their
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older adult patients. Existing high-quality educational
resources which recommend multifactorial approaches
to fall prevention include the CDC’s Stopping Elderly
Accidents, Deaths & Injuries (STEADI) Older Adult Fall
Prevention [18], or those endorsed by the United States
Preventive Services Task Force [223], could be adminis-
tered to and adopted by chiropractors in private clinical
practice and within large healthcare systems. Once iden-
tified, high-risk fallers could be triaged to specific evi-
dence-based interventions or protocols, or ongoing trials
evaluating novel therapeutic approaches.

Mechanistic studies

Elucidating the mechanism underlying any therapeutic
intervention is important, as plausible mechanistic mod-
els are considered to be part of the totality of evidence
for any modality. Chiropractic care’s multimodal nature
and heterogeneity in its delivery poses challenges to sim-
ple, single-factor, cause-and-effect reductionist models.
As is emphasized in the narrative part of our review, the
impact of a chiropractic care intervention on fall risk is
likely to result from changes in multiple physiological
processes, individually, additively, and synergistically.
For example, observed changes in falls following a mul-
timodal intervention could be results of improvements
in lower extremity strength and flexibility, enhanced pro-
prioception, and reduced pain and associated executive
function distraction. These changes could lead to behav-
ioral changes (e.g., reduced fear of falling and enhanced
exercise self-efficacy) or underlying changes in brain net-
work dynamics, which might feedback and further alter
physiological process previously mentioned. For these
reasons, a strong case can be made for focusing limited
resources on pragmatic trials that evaluate overall effec-
tiveness of chiropractic intervention.

Despite complexity and heterogeneity related chal-
lenges inherent to chiropractic care, mechanistic
research can be advanced in three complementary ways.
First, specific cause and effect hypotheses could be tested
with carefully designed efficacy trials, extending some
of the studies cited in this review. For example, RCTs
could evaluate the impact of a well-defined and systemi-
cally delivered SM protocol on pelvis or lower extremity
electromyography (EMG) dynamics and resulting bio-
mechanics of gait known to contribute to balance and
postural control. Attention or sham manipulation experi-
mental controls could be utilized, as can dose escalation
designs, to infer cause and effect. Recent studies have
used such designs to probe the impact of short-term SM
on brain neural networks [224, 225].

Another approach to inform a mechanistic under-
standing could be based on traditional factorial designs,
or newer strategies including Multiphase Optimization
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Strategy (MOST) and the Sequential Multiple Assign-
ment Randomized Trial (SMART) designs. Such
approaches can inform interactions between therapeu-
tic components on both specific physiological outcomes
(e.g., joint biomechanics) or more synthetic clinical out-
comes (frequency of falls). Examples of factorial designs
being employed in chiropractic research includes evalu-
ating the individual and combined effects SM and pre-
scribed exercise, or SM and self-care on musculoskeletal
pain [47, 48, 86, 146, 148, 161, 174].

A third and complementary approach would be to
embed a variety of carefully chosen physiological mark-
ers into pragmatic trials to test specific secondary
hypotheses regarding their association with falls. For
example, laboratory measures ranging from brain func-
tion assessed during movement tasks using functional
magnetic resonance imaging (fMRI) to conventional
markers of gait health (e.g., gait initiation, speed, stride
time variability, dual task gait performance) could be
assessed longitudinally over the course of an interven-
tion. Multivariate analyses, including tools such as struc-
tural equation modeling could be employed to inform or
test causal hypotheses linking specific physiological or
biomechanical processes to clinical outcomes of interest
(e.g., fall frequency or severity). As noted above, recent
advances in wearable technology could be used to assess
a diverse array of mobility markers during everyday liv-
ing over extended periods of time. Observational stud-
ies using machine learning show promise informing the
relationship between these physiologic markers assessed
in the real world and fall risk [182, 183, 217], but have
not yet been widely used in intervention studies.

Limitations

There are a number of limitations to this study. First, only
studies in the English language were included, the search
strategy was developed without formal help from a
librarian, and a protocol was not developed or registered
a priori. Second, based on the limited evidence to date,
only a small number of studies met our inclusion and
exclusion criteria. Third, there was a great deal of het-
erogeneity across the included studies in terms of study
design characteristics, methodologic quality, demograph-
ics of participants, interventions, outcomes, and settings,
excluding the possibility of quantitative synthesis with
meta-analysis, and significantly constraining narrative
synthesis. Of note, the majority of included studies were
small pilot studies, with overall low methodological qual-
ity. Collectively, this heterogeneity and low methodologi-
cal quality limits the conclusions that can be drawn from
these data. Fourth, our inclusion criteria targeted studies
that included evaluations of components of multimodal
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chiropractic care (e.g. SM, myofascial therapies), as deliv-
ered by a DC. Some of these modalities are also delivered
by other professions (e.g., osteopath, physical therapist),
and because of the limits of our search strategy, our find-
ings cannot distinguish chiropractic-specific impacts of
the included interventions compared to the impacts of
these interventions as delivered by other professions.

Conclusions

Falls in the older population represent a large and grow-
ing public health issue. Based first on principle, multi-
modal chiropractic care shows promise in contributing
positively to fall prevention efforts. In addition, the chi-
ropractic profession is well positioned for implementa-
tion on a wide scale, however, to date limited evidence
is available. Through a well-coordinated set of observa-
tional, mechanistic and randomized-controlled stud-
ies, this evidence gap can be filled and the potential of
multimodal chiropractic care can be evaluated. Future
research on falls and mobility represents both an excit-
ing area of contribution for the chiropractic profession
and a critical topic for public health.
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