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Abstract

test, step test and sit-to-stand test.

Introduction: Chronic musculoskeletal pain is associated with reduced balance performance and falls risk. Manual
therapies are commonly used interventions for musculoskeletal pain. There is emerging evidence that manual
therapies may improve balance. The aim of this systematic review was to examine the effectiveness of manual
therapies for musculoskeletal pain on measures of static and dynamic stability.

Methods: Six electronic databases were searched using pre-defined eligibility criteria and two independent
reviewers assessed all identified records. Risk of bias was assessed using the 12-item Cochrane Risk of Bias
assessment by two authors independently and any discrepancies resolved through consensus. Meta-analysis was
conducted when three or more studies used the same outcome measures including gait speed, timed up and go

Results: Twenty-six studies were included in the analysis. Both spinal and extremity musculoskeletal pain conditions
were represented. Manual therapies included manipulation, mobilisation and massage. The most common
intervention compared to manual therapy was exercise. Outcome measures included both clinical and objective
measures of stability. Overall the risk of bias was reported as generally low or unclear.

Conclusion: Improvement in stability measures were reported in studies comparing manual therapy in the short
term, but not long-term follow-up. There was no clear association between significant pain reduction and measures
of stability. Further prospective studies are recommended to investigate whether manual therapies should be part
of an integrative healthcare plan for risk of falls management and when a transition from manual therapy to more
active interventions should occur for long term management.
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Introduction
The global population is ageing, as exemplified by recent
Eurostat population data which estimates that the popu-
lation of people aged 65years and older will increase
from 18% in 2013 to 28% in 2060 [1]. Ageing increases
the risk of escalating morbidity (people living longer in
poor health) [2].

Fall related injury in older people is a major health
problem [3, 4]. Stiffer, less coordinated gait, poor bal-
ance control and decreased muscle strength have
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been cited as major causes of falls in older people [4,
5]. In addition, chronic musculoskeletal pain has been
associated with previous history of a fall [6] and an
increased occurrence of future falls [7]. Musculoskel-
etal pain in older adults is common and debilitating,
with one in five older adults reporting that this pain
interferes with normal life [8]. The Australian Insti-
tute of Health and Welfare reported that chronic
back problems affect 27% of people aged between 65
and 74years in Australia [9]. Furthermore, the sever-
ity and number of chronic musculoskeletal pain sites
are associated with reduced balance performance and
falls risk [10].
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Manual therapy is a commonly used intervention for
musculoskeletal pain, particularly low back pain (LBP)
[11] and neck pain [12]. Two systematic reviews have
found emerging evidence that manual therapy may im-
prove balance [13, 14]. These systematic reviews included
studies of asymptomatic and symptomatic participants
with outcomes limited to falls and balance. They reported
that improvements in balance were associated with reduc-
tion in pain intensity in symptomatic, but not in asymp-
tomatic, participants. No meta-analyses were conducted
in these systematic reviews, due to heterogeneity of the
participants and outcome measures and the low methodo-
logical quality of the trials. An updated and expanded re-
view of published studies in the literature needs to be
conducted examining participants with pain.

Stability is a term that is used to denote how balance is
controlled. If standing stability is perturbed, for example,
various neurophysiological protective mechanisms need to
be actioned in order to preserve whole body centre of mass
within the base of support — that is, to preserve balance.
Balance control deficits are associated with decreased stabil-
ity. Clinical assessments of stability include tests of physical
performance such as the sit-to-stand test or one-legged
standing — which test balance control mechanisms. Balance
impairment is a risk factor for falls as is gait impairment
[5]. If pain reduction is associated with stability improve-
ment, it is important that future trials assessing manual
therapy for pain management are of high quality and in-
clude relevant functional physical performance measures
[15] to assess these changes, even beyond static balance.

Therefore, the objective of this study was to examine
the effectiveness of manual therapies for musculoskeletal
pain on stability (including balance, physical perform-
ance and fear of falls). For the purposes of this review,
reduced stability was measured and defined by: experien-
cing a fall; increased self-reported fear of falling; and re-
duced performance on objective measures of mobility
and balance. This provides important information for re-
searchers conducting future trials of manual therapies
for musculoskeletal pain using clinical or objective static
and dynamic stability outcome measures.

Methods

Types of studies

Included in this review were any controlled trials (rando-
mised, quasi-randomised and non-randomised trials).
Retrospective study designs, cohort studies, case reports,
case series, commentaries, letters to the editor and ex-
pert opinions were excluded. Only English language
studies were included.

Types of participants
Participants in studies that met the inclusion criteria re-
ported musculoskeletal pain of the spine or extremities.
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Diagnoses included, but were not limited to, neck pain,
LBP, spinal pain, non-specific joint pain, fibromyalgia,
arthritis, osteoarthritis (OA), disc herniation or any
other bodily pain affecting the spine or extremities. Pain
from multiple bodily sites was included. Diagnoses of
musculoskeletal pain with radiating symptoms into the
extremities, such as sciatica, were also included. Non-
musculoskeletal pains such as that arising from referred
visceral pain, malignancy, or nervous system pathology
were excluded. Participants without pain, such as healthy
participants were excluded. While stability and falls risk
is predominantly of concern in older adults, in order to
increase the reach of this review, any participants over
the age of 18 were included.

Types of interventions and comparisons

Studies using interventions were included if they com-
prised at least one component of manual therapy.
Manual therapies involving manipulation (high velocity,
low amplitude thrust techniques to improve joint
movement), mobilisation (low velocity, low-to-high
amplitude non-thrust techniques to improve joint
movement), or massage (pressure and movement tech-
niques to muscles and other soft tissues) were included.
Trials of manual therapy in combination with other
therapies, such as exercise, were also included. Com-
parison groups consisting of placebo, sham therapy, no
treatment (wait-list control), and any other type of ac-
tive intervention were included. All comparison inter-
ventions were pooled for meta-analysis, as there were
not sufficient numbers of each individual intervention
(eg. placebo) for comparison.

Types of outcome measures

Outcome measures in studies that met the inclusion cri-
teria consisted of number of falls, physical performance
on clinical balance measures (such as sit-to-stand, gait
speed, timed up and go (TUQ) test), objective balance
measures (including changes in centre of pressure on a
force plate), and subjective measures of stability includ-
ing psychological concerns of falling (such as fear of falls
or falls efficacy questionnaires).

Search methods

Electronic databases searched in Jan 2018 were The
Cochrane Central Register of Controlled Trials (CEN-
TRAL), Cochrane database of systematic reviews,
PubMed, EMBASE, CINAHL, and Index to Chiropractic
Literature. Keywords consisted of terms related to “man-
ual therapy” combined with “falls” OR “balance” OR
“physical performance” AND “musculoskeletal pain” (A
full list of search terms is available from the correspond-
ing author upon request). Search terms were modified
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for each database, and appropriate subheadings were
used for each database searched.

Study selection and data extraction

After duplicates were removed, two reviewers independ-
ently screened all titles and abstracts identified from the
electronic database searches. Authors identified which
studies should be further examined for inclusion into
the review. Full text records were sourced, and two re-
viewers independently examined each record. Any dis-
agreements between review authors were resolved by a
third reviewer. Data extraction of included studies was
carried out by at least two authors independently. Dis-
agreements were resolved through consultation and in-
volved a third reviewer if necessary.

Risk of bias

Risk of bias was assessed using the 12-item Cochrane
Risk of Bias assessment [16] by two authors independ-
ently and any discrepancies between authors were re-
solved through consensus.

Data analysis

Studies selected for meta-analysis were those that com-
prised outcome measures utilised by more than two
studies. Meta-analysis was performed in Review Man-
ager 5.3. Short-term outcomes were those classified as
immediate follow-up to 3 months. Long term outcomes
were classified as greater than 3 months. Authors were
contacted to access raw-data if there was insufficient de-
tail in the published manuscript. Studies that were not
able to be included in meta-analysis were included in
the descriptive synthesis. Due to the high levels of het-
erogeneity between studies, a random effects model was
used for all meta-analyses [17]. Heterogeneity in meta-
analysis was measured with i,

Results

Of 2509 citations reviewed, 150 were assessed for full
text eligibility, 124 were excluded leaving 26 studies for
inclusion [18-43] (Fig. 1). One hundred and twenty-four
were excluded with reasons provided, which generally
consisted of not including manual therapies as interven-
tions, not including appropriate outcome measures, and
study design. A list of reasons for exclusion can be given
by contacting the authors.

Musculoskeletal pain diagnoses consisted of knee OA,
hip OA, knee or hip OA, LBP, neck pain, knee pain,
fibromyalgia, ankle arthropathy, and post-vertebral frac-
ture (Table 1). Manual therapies consisted of manipula-
tion [20, 30, 31, 36, 37, 39, 43], mobilisation [22, 28, 30,
31, 37, 39, 43] and massage [18-22, 26, 28, 29, 33, 37—
40, 42] (Table 1).
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Fig. 1 PRISMA flow chat of included studies. A total of 2509 records
were screened, after excluding duplicates and studies that did not
fulfil the inclusion criteria 25 studies were included for qualitative

synthesis and 16 included in meta-analyses

Exercise was the most common intervention that was
compared with manual therapy (Table 1) Exercise was
prescribed as part of individual supervised programs [18,
21, 26, 27, 31-33, 36, 38, 40, 42], home exercise programs
[25, 28, 29, 35], or a combination of supervised and home
exercises [37]. Comparison interventions involved no
treatment [22, 34, 39, 41], patients continuing with usual
care [19], and sham interventions (detuned ultrasound
[20, 21, 24, 30], sub-therapeutic ultrasound [29], or ma-
nipulative ‘set-up’ without thrust or mobilisation [23]).

Outcome measures consisted of clinical balance mea-
sures (gait speed, TUG, sit-to-stand, step test), balance
performance (static balance, modified Schober’s test,
force place centre of pressure, postural stability and
Romberg’s) (Table 1). No studies that met the inclusion
criteria were found that measured the number of falls,
or psychological concerns of falling.

Studies selected for meta-analysis were those that
comprised outcome measures utilised by more than two
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Study Pain region  Intervention group M(SD). Intervention Comparison Pain Measure  Risk of falls measure
Sham group 2 M(SD).
Bennell 2005  Hip OA Physiotherapy group 67.4 (86). Physiotherapy Sham ultrasound VAS Step test
[21] Placebo group 69.8 (7.5). (massage, taping,
mobilisation) and self-
management
Bennell 2014 Hip OA Intervention group 64.5 (8.6). Mobilisation and/or Sham ultrasound VAS Sit-to-stand, step test, gait speed, 4-
[20] Sham group 62.7 (6.4). soft tissue and/or square step test
manipulation plus
exercise
Beselga 2016 Hip OA Intervention group 78.3 (6.3). Mobilisation of the Simulated mobilisation  NRS11 TUG¥, sit-to-stand*, gait speed*
[23] Placebo group 77.5 (6.9) hip
Abbott 2013 Hip or Knee  Manual therapy + usual care Mobilisation and/or Exercise and usual care; NRST1%, TUG, sit-to-stand, gait speed
[19] OA group 67.3 (10.2). Exercise + soft tissue and/or usual care WOMAC*
usual care group 66.9(8.2). manipulation and
Usual care group 66.1 (10.7). usual care
Abbott 2015 Knee OA Manual therapy + exercise Mobilisation and/or Exercise NRS11%, TUG, sit-to-stand*, gait speed
[18] group 61 (12). Exercise group soft tissue and/or WOMAC*
64 (10) manipulation plus
exercise
Cheawthamai  Knee OA Manual therapy group 66.62 Self-manual therapy Exercise VAS Gait speed
2014 [25] (8.77). Exercise group 64.05 and exercise
(7.86).
Cortés Godoy  Knee OA Manual therapy group Massage and exercise  Exercise VAS TUG
2014 [26] 85(median) (81-89(1st and 3rd
quartiles)). Exercise group 84
(median) (82-84.5 (1st and 3rd
quartiles)).
Deyle 2000 Knee OA Physiotherapy group 64 (9.9). Physiotherapy Sub-therapeutic WOMAC Gait speed
[29] Exercise group 62.2 (9.2) (mobilisation, ultrasound
massage) and
exercise
Deyle 2005 Knee OA Physiotherapy group 64 (9.9). Physiotherapy Exercise WOMAC Gait speed
[28] Exercise group 62.2 (9.2) (mobilisation,
massage) and
exercise
Fitzgerald Knee OA Exercise + manual therapy Manual therapy and Exercise WOMAC(* at  TUG, sit-to-stand, gait speed
etal. 2016 group 58 (9.8). Exercise group  exercise nine weeks)
[31] 583 (10). NRST1
French 2013 Knee OA Exercise + manual therapy Manual therapy and Exercise NRS11 Sit-to-stand, gait speed
[32] group 58 (9.8). Exercise group  exercise
583 (10)
Jardine 2012 Knee OA Osteopathic group 63.20 (7.97). Osteopathic fascial No treatment VAS Step test
[34] Control group 63.73 (9.63) release
Lee 2017 [36]  Neck pain Manual therapy + exercise Therapeutic exercise  Therapeutic exercise VAS*, NDI* Static balance ability
group 59 (2.4). Exercise group  with joint alone
58 (1.6) mobilisation applied
to cervical and upper
thoracic spine
Maiers 2014 Neck pain Manual therapy + exercise Chiropractic Exercise NRS11%, NDI TUG
[37] group 59 (2.4). Exercise group  (manipulation,
58 (1.6). mobilisation, traction,
massage) and
exercise
Rudolfsson Neck pain Massage group 51.2 (9.0). Neck  Massage Exercise NRS11 Balance (COP)*
2014 [38] coordination exercise group
50.7 (8.6). Strength training
exercise group 51.6 (9.0).
Bennell 2010 Spine pain Physiotherapy group 66.2 (8.0). Mobilisation, massage, No intervention NRST1 TUG
[22] Control group 663 (11.8). postural taping and
exercise
Dougherty LBP Manual therapy group 76.99 HVLA spine Sham ultrasound VAS, ODI* TUG
2014 [30] (6.77). Control group 77.04 manipulation and/or
(6.81) flexion distraction
and/or mobilisation
Goertzetal,  LBP High velocity manipulation Spinal manipulation, ~ Sham control None Postural sway (blindfolded and on
2016 [43] group 44.1 (10.6). Low velocity  spinal mobilisation soft surface, without shoes); muscle
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Study Pain region  Intervention group M(SD). Intervention Comparison Pain Measure  Risk of falls measure
Sham group 2 M(SD).
mobilisation group 44.5 (10.2). activity (EMG) of paraspinal muscles
Control group 444 (10.5). in response to an unexpected
sudden load.
Hicks et al. LBP Intervention group 69.5 (7.0). Passive control Trunk muscle training Modified TUG test;* gait speed®; Tampa scale
2016 [33] Exercise group 70.7 (6.8) intervention (heat, program (exercises) Oswestry LBP  of kinesiophobia; global rating of

ultrasound and
massage)

Kim 2015 [35]  LBP Manual therapy group 59.2

(6.5). Exercise group 62.6 (6.6)

Myofascial therapy
and muscle energy
technique plus
exercise

Ruhe 2012 LBP Manual therapy group 39.8 Manipulation,
[39] (10.5). Control group 41.5 (5.5)  mobilisation and/or
massage

Trampas 2014  LBP Manual Therapy with massage
[40] and exercise 35.8 (7.16).
Exercise group 334 (12.01)

Yuetal. 2016  LBP Myofascial release group 70.4

[42] (3.2). Exercise group 69.4 (4.1)  the iliopsoas

Castro- Fibromyalgia Myofascial therapy group 55.3.  Myofascial therapy

Sanchez 2011 Sham ultrasound 53.5

[24]

Cuesta- Ankle Mobilisation of the ankle group Mobilisation of the

Barriuso 2014 arthropathy ~ 37.6 (13.1). Traction of ankles ankle, infrared

[27] group 335 (11.7) thermotherapy,
exercises, ice

van den Knee pain Massage group 55 (11). No Massage

Dolder 2006 intervention group 52 [18]

[41]

Massage and exercise

Myofascial release of

augmented with Questionnaire  functional improvement

neuromuscular NRS11

electrical stimulation

Exercise VAS* ODI* Balance system SD*

No intervention NRS11* Balance (COP)*

Exercise None Biodex stability system

Exercises NRS11 Balance (changes in pressure applied
to each force plate and shows the
stability of the centre of the gravity).
Remodified Schober's test (RST)

Sham ultrasound McGill, VAS*, Postural stability

NRST1*
Traction of ankles, VAS Romberg’s test

infrared thermotherapy,
exercises and ice

No intervention (wait Patellofemoral
list) pain severity
questionnaire

Step test*

Table descriptions: COP centre of pressure, GP general practitioner, LBP low back pain, NDI neck disability index, NRS77 numerical rating scale (scored 0-10), OA
osteoarthritis, ODI Oswestry disability index, TUG timed up & go test, VAS visual analogue scale; WOMAC - Western Ontario and McMaster Universities

arthritis index
*significant between group difference on this measure

studies. These outcomes were gait speed, TUG test, step
test and sit-to stand test.

Studies not included in meta-analysis were those
examining balance [24, 27, 35, 36, 38—40, 43] (due to the
heterogeneity of the balance measurements) and a fur-
ther two studies because their published data were not
in a format appropriate for meta-analysis (displayed in a
graph [25] and median and interquartile ranges of non-
normative data [26]). Authors were contacted for raw-
data and did not respond. One study [32] was partially
included in meta-analysis. It was included in the gait
speed meta-analysis but could not be included in the sit-
to-stand meta-analysis because this study measured the
time taken to sit-to-stand five times, unlike the other
studies which measured the number of stands in 30s.
While not included in meta-analyses, all these studies
are included in the descriptive synthesis together with
the other studies.

Clinical balance measures
Manual therapy significantly improved gait speed
and TUG test time compared to other interventions

in short-term follow-up, however, not in in the long
term (Figs. 2 and 3).

Gait speed improved by 0.09 m/s (95%CI 0.04, 0.13).
However, there was one study that was not included in
meta-analysis [25] that compared manual therapy to ex-
ercise, and found no significant difference in gait speed
following manual therapies with home exercise versus
home exercise alone in short-term follow-up.

Likewise, interventions including manual therapies
found a significant improvement in TUG test scores
of —0.53s (95%CI -0.99,-0.07), in the short but not
long-term follow-up. However, there was one study
that was not included in meta-analysis [26] that did
not find any significant difference between combined
manual therapy and exercise vs exercise alone on the
get up and go test (a physical performance test simi-
lar to the TUG) in short-term follow-up.

There was a high level of heterogeneity in the studies
(gait speed i = 54% p = 0.04, TUG i* = 52% p = 0.06)). This
heterogeneity was largely driven from the study by Fitz-
gerald and colleagues [31]. Removing this study from the
meta-analyses, gait speed remained significant, while TUG
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Manual Therapy Other intervention(s) Mean Difference Mean Difference
Study or Subgroup  Mean [m/s] SD [m/s] Total Mean[m/s] SD[m/s] Total Weight IV, Random, 95% CI [m/s] IV, Random, 95% CI [m/s]
2.1.1 Short term follow-up
Bennell 2014 -0.04 0.3 45 -0.05 0.3 46 9.4% 0.01[-0.11, 0.13] -
Beselga 2016 0.08 0.08 20 -0.02 0.14 20 17.9% 0.10[0.03, 0.17] —
Deyle 2000 1.34 0.32 33 1.12 0.35 36 6.5% 0.22[0.06, 0.38]
Deyle 2005 1.31 0.31 60 1.28 0.33 60 10.5% 0.08 [-0.03, 0.19] T
Fitzgerald 2016 0.27 0.08 75 0.14 0.02 75  30.2% 0.13[0.11,0.15] L
French 2013 1.06 0.36 66 1.04 0.43 66 8.3% 0.02[-0.12,0.16] R
Hicks 2016 -0.01 0.13 31 -0.05 0.15 26 17.3% 0.04 [-0.03, 0.11] ™
Subtotal (95% Cl) 330 329 100.0% 0.09 [0.04, 0.13] <&
Heterogeneity: Tau? = 0.00; Chi? = 13.11, df = 6 (P = 0.04); I = 54%
Test for overall effect: Z = 3.87 (P = 0.0001)
2.1.2 Long term follow-up
Abbott 2013 0.06 0.42 54 0.1 0.38 102 24.5% -0.05[-0.18, 0.08] =
Abbott 2015 0.06 0.27 18 0.02 0.26 19  23.5% 0.04[-0.13,0.21] -
Fitzgerald 2016 -0.28 0.08 75 0.12 0.02 75 26.4% -0.40[-0.42, -0.38] L]
Hicks 2016 0 0.2 31 0.06 0.12 26 25.6% -0.06 [-0.14, 0.02] —=T
Subtotal (95% CI) 178 222 100.0% -0.12 [-0.37, 0.13] ——
Heterogeneity: Tau? = 0.06; Chi? = 105.86, df = 3 (P < 0.00001); I> = 97%
Test for overall effect: Z=0.97 (P = 0.33)
05 -025 0 025 05
. i Other intervention(s) Manual therapy
Test for subgroup differences: Chi2 = 2.71, df = 1 (P = 0.10), 1> = 63.2%
Fig. 2 Gait speed meta-analysis: Interventions consisting of manual therapies were associated with significantly increased gait speed compared to other
interventions in the short-term follow-up but not in longer term

became non-significant. Due to all studies having high
levels of clinical heterogeneity, it was decided to leave the
Fitzgerald and colleagues’ study in the meta-analysis. With
such high levels of heterogeneity, all meta-analyses results
should be interpreted with caution, and more research
needs to be conducted to determine the short-term bene-
fits of manual therapy compared to other interventions.

There was no significant difference between studies
consisting of manual therapies compared to other inter-
ventions for the sit-to-stand test or step test.

Objective balance measures

Eight studies examining balance measured objective bal-
ance [24, 27, 35, 36, 38—40, 42]. These studies were ei-
ther too heterogeneous in the parameters analysed or
there was insufficient reporting on the calculations used,
to compare any of them in a meta-analysis.

Seven of these eight studies [24, 27, 35, 36, 39, 40, 42] used
measures of pain perception and balance as an outcome of
an intervention for musculoskeletal pain and recorded a re-
duction in pain perception as a result of the intervention.
Note that Trampas and colleagues [40] used pain pressure
threshold of muscular trigger points, not pain perception per
se, as the outcome measure. Five studies noted an associated
improvement in balance (35, 36, 39, 40, 42].

Risk of bias
Except for performance bias, the overall analysis of risk
of bias found the studies to be of a generally low or un-
clear level of bias (Fig. 4).

The risk of selection bias was low with: 18/26 papers
using random sequence generation in their methodology;
15/26 papers reported using allocation concealment; and

group similarity at baseline found in 19/26 papers. There
was blinding of participants in only 4/26 papers; only 1/26
that blinded providers; 11/26 reporting on co-interventions;
and 14/26 reporting on compliance.

Risk of detection bias was low with: blinding of out-
come assessment in 20/26 papers; and timing of out-
come assessments 21/26. With respect to attrition bias,
incomplete outcome data and drop outs were reported
in 20/26 studies and these were deemed to be at ac-
ceptable levels (<20%). Intention to treat analysis was
reported in 16/26 and unclear in 7/26 studies. Report-
ing bias (selective reporting) was unclear in 19/26 pa-
pers, with only 5/26 with published protocols or trial
registration that could be sourced for comparison with
the published results. Fifteen of 26 papers declared no
conflicts of interest (other bias), however, in all the
other studies possible conflicts and funding sources
were not declared or it was unclear whether they could
be a source of bias.

Discussion

This systematic review aimed to explore the possible ef-
fect/s of manual therapy on various measures of balance
and stability in people with musculoskeletal pain. Im-
provement in clinical balance measures were reported in
studies comparing manual therapy in the short-term,
but not at long-term follow-up. Likewise, objective bal-
ance measures showed improvements with interventions
consisting of manual therapies in 5/8 studies. The most
common presenting complaints included lower limb
OA and LBP. Risk of bias was low across all re-
ported criteria except for practitioner and participant



Kendall et al. Chiropractic & Manual Therapies (2020) 28:13

Page 7 of 10

Manual therapy Other intervention(s) Mean Difference Mean Difference
Study or Subgroup  Mean [t] SD [t] Total Mean[t] SD][t] Total Weight IV, Random, 95% CI [t] IV, Random, 95% CI [t]
2.2.1 Short term follow-up
Bennell 2010 -0.7 1.25 11 -0.2 1.25 9 122% -0.50 [-1.60, 0.60] -1
Beselga 2016 -1.8  3.07 20 0.9 3.07 20 51% -2.70 [-4.60, -0.80]
Dougherty 2014 -1.17 391 69 -0.65 3.03 67 11.2% -0.52 [-1.69, 0.65] I
Fitzgerald 2016 -1.8 0.5 75 -1.1 0.2 75 38.7% -0.70 [-0.82, -0.58] u
Hicks 2016 -1.04 164 31 -1.18 3.42 26 8.2% 0.14 [-1.30, 1.58] ~—
Maiers 2014 -0.3 22 80 -0.25 2.03 161  24.6% -0.05 [-0.63, 0.53] N
Subtotal (95% Cl) 286 358 100.0% -0.53 [-0.99, -0.07] L 4
Heterogeneity: Tau? = 0.14; Chi? = 10.45, df = 5 (P = 0.06); I> = 52%
Test for overall effect: Z =2.24 (P = 0.02)
2.2.3 Long term follow-up
Abbott 2013 -0.17  3.04 54 -0.53 2.66 102 23.6% 0.36 [-0.60, 1.32] T
Abbott 2015 04 241 18 04 1.66 19 18.4% 0.00 [-1.34, 1.34] —
Fitzgerald 2016 -1.8 0.5 75 -1.1 0.2 75 33.4% -0.70 [-0.82, -0.58] L]
Hicks 2016 -1.08 1.61 31 -1.83 1.81 26 24.5% 0.75[-0.15, 1.65] T
Subtotal (95% CI) 178 222 100.0% 0.04 [-0.82, 0.89] .
Heterogeneity: Tau? = 0.56; Chi? = 15.14, df = 3 (P = 0.002); I> = 80%
Test for overall effect: Z=0.08 (P = 0.94)

-4 2 0 2 4
. . Manual therapy Other intervention(s)
Test for subgroup differences: Chi? = 1.30, df = 1 (P = 0.25), I? = 22.9%
Fig. 3 Timed Up and Go (TUG) meta-analysis: Interventions consisting of manual therapies were associated with significantly improved TUG test
time compared to other interventions in the short-term follow-up but not in longer term

blinding. It is noted that blinding of participants and
providers is difficult and often not possible for pro-
viders of manual therapies.

Short-term follow-up on gait speed showed significant
improvements associated with manual therapy compared
to other interventions. Clinically meaningful change to
gait speed has been previously calculated as a change
larger than 0.05m/s (indicating small change) and 0.1
m/s (indicating substantial change) [44]. This meta-
analysis found that short-term interventions consisting
of manual therapy, compared to other interventions, had
a mean improvement of 0.09m/s (95%CI 0.04—0.13).
This indicates a relatively substantial improvement in
gait speed, compared to the other interventions. How-
ever, these results should be interpreted with caution as
there was a high level of statistical heterogeneity (i*=
54%). Likewise, in short-term follow-up, manual therapy
compared to other interventions showed a statistically
significant improvement in TUG (mean improvement of
-0.53s (95%CI -0.99—0.07). However, this improve-
ment is significantly lower than the minimum clinically
important difference of 3.4s [45]. Furthermore, the
study by Cortés Godoy and colleagues [26] (not included
in the meta-analysis) did not find any significant differ-
ence between combined manual therapy and exercise
and exercise alone on the get up and go test (a physical
performance test similar to TUG) in short-term follow-
up. Again, the heterogeneity in this meta-analysis was
high (i*=52%). Therefore, we stress that these results
are preliminary and should be interpreted with caution.

Falls are much more prevalent in older people with
pain than in those without pain [4]. Recent

epidemiological data out of Europe shows that chronic
musculoskeletal pain is very frequent in older adults [1].
Therefore, any intervention that reduces pain intensity
should be accompanied by a reduction in the rate of falls
in older people. Further theoretical neuro-physiological
associations between manual therapy and improved sta-
bility may be considered hypothetical as there is limited
evidence on the mechanisms underlying the role of man-
ual therapy on postural stability.

This systematic review had several strengths. These in-
cluded capturing a broad range of studies measuring sta-
bility outcomes, across a range of musculoskeletal
conditions, and types of manual therapies. This broad
approach outlined clinically relevant evidence that may
help to inform future studies of manual therapies with a
suggestion to include clinical outcome measures beyond
pain that also capture stability. Furthermore, this study
used the Cochrane protocol to maintain scientific rigor.

This study also suffers from several weaknesses. We
included studies based on diverse outcome measures
which had high levels of heterogeneity across study de-
sign and data analysis, particularly co-interventions and
comparison interventions. The inclusion of heteroge-
neous outcome measures meant that it was only possible
to compare the studies in a narrative synthesis. Further-
more, this systematic review was not able to capture all
potential modifiers or factors that may be associated
with stability such as specific classifications of musculo-
skeletal conditions (eg OA, myofascial pain syndromes,
biomechanical joint dysfunction), affected bodily regions
(extremities and spinal), chronicity of these conditions
(acute, subacute or chronic), participants’ response to
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Fig. 4 Risk of bias summary: review authors’ judgements about each
risk of bias item for each included study

therapies in isolation and in combination, and responses
to therapies in the short, medium and long-term.

In analysing all the studies included in this review, we
did not find a clear association between significant pain
reduction and balance. Part of the explanation for this
lack of association may be the heterogeneity of the con-
ditions being investigated, particularly the site of pain. It
is possible that pain reduction is driving some of the
improvements in the clinical testing of stability, in
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particular gait speed as well as in objective static and dy-
namic balance testing.

Further prospective studies are recommended to ex-
plore if manual therapy should be provided alone or as
part of other interventions, and at what point manual
therapy should be transitioned to more active interven-
tions in the longer term. For example, if a patient is
unable to exercise because of a painful musculoskeletal
condition, is there a possible benefit in initially man-
aging the condition with passive manual therapies to
decrease their pain so that they might transit to appro-
priate exercise therapy? This is particularly important
for studies in older populations where pain is a barrier
to undertaking an exercise plan [46]. The effects of treat-
ment dose and duration also need to be explored, as
higher doses of manual therapy or more extended treat-
ment regimens may have different relationships to pain
reduction and possible improvement in postural or dy-
namic stability. Finally, this review recommends that
studies of interventions for musculoskeletal pain should
include outcome measures of stability, particularly in
studies including older people.

Given the substantial burden of illness caused by falls
in our ageing population a better understanding of how
to modify risk factors including gait speed via appropri-
ate management strategies requires further exploration.

Acknowledgements
None declared.

Authors’ contributions

JK, DV, BP, MA, SH conceived and designed the study. JK performed the
literature search. JK, DV, BP, MA, SH performed title and abstract screening
and full text screening. JK, DV, BP, MA, SH extracted data. JK performed
meta-analysis. JK, BP, SH drafted the manuscript. All authors read and ap-
proved the final manuscript.

Funding
None declared.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

1Chiropractic, School of Health and Biomedical Sciences, RMIT University,
Bundoora, VIC 3083, Australia. *School of Engineering, RMIT University,
Bundoora, VIC 3083, Australia. *Private practice, Melbourne, Australia.



Kendall et al. Chiropractic & Manual Therapies

(2020) 28:13

Received: 4 July 2019 Accepted: 21 January 2020
Published online: 18 February 2020

References

1.

20.

21.

22.

Cimas M, Ayala A, Sanz B, Agullo-Tomas MS, Escobar A, Forjaz MJ. Chronic
musculoskeletal pain in European older adults: Cross-national and gender
differences. Eur J Pain (London, England). 2018;22(2):333-345.

Rechel B, Grundy E, Robine JM, Cylus J, Mackenbach JP, Knai C, et al. Ageing in
the European Union. Lancet (London, England). 2013;381(9874):1312-1322.
Rubenstein LZ. Falls in older people: epidemiology, risk factors and
strategies for prevention. Age Ageing. 2006;35 Suppl 2:ii37-ii41.

Patel KV, Phelan EA, Leveille SG, Lamb SE, Missikpode C, Wallace RB, et al.
High prevalence of falls, fear of falling, and impaired balance in older adults
with pain in the United States: findings from the 2011 National Health and
aging trends study. J Am Geriatr Soc. 2014,62(10):1844-52.

Tinetti ME, Kumar C. The patient who falls: “It's always a trade-off". Jama.
2010;303(3):258-66.

Asai T, Misu S, Sawa R, Doi T, Yamada M. Multi-chronic musculoskeletal pain
is a useful clinical index to predict the risk of falls in older adults with
normal motor function. Aging Clin Exp Res. 2015;27(5):711-6.

Leveille SG, Jones RN, Kiely DK, Hausdorff JM, Shmerling RH, Guralnik JM,
et al. Chronic musculoskeletal pain and the occurrence of falls in an older
population. Jama. 2009;302(20):2214-21.

Lilje SC, Skillgate E, Anderberg P, Berglund J. Negative psychosocial and
heavy physical workloads associated with musculoskeletal pain interfering
with normal life in older adults: cross-sectional analysis. Scandinavian
journal of public health. 2015;43(5):453-9.

Welfare AloHa. A snapshot of arthritis in Australia 2010. In: Welfare AloHa,
editor. Canberra, Australia 2010.

Stubbs B, Schofield P, Patchay S, Leveille S. Musculoskeletal pain
characteristics associated with lower balance confidence in community-
dwelling older adults. Physiotherapy. 2015.

Rubinstein SM, van Middelkoop M, Assendelft WJ, de Boer MR, van Tulder
MW. Spinal manipulative therapy for chronic low-back pain: an update of a
Cochrane review. Spine. 2011;36(13):E825-46.

Gross A, Langevin P, Burnie SJ, Bedard-Brochu MS, Empey B, Dugas E, et al.
Manipulation and mobilisation for neck pain contrasted against an inactive
control or another active treatment. The Cochrane database of systematic
reviews. 2015,9.Cd004249.

Ruhe A, Fejer R, Walker B. Does postural sway change in association with
manual therapeutic interventions? A review of the literature. Chiropractic &
manual therapies. 2013;21(1):9.

Holt KR, Haavik H, Elley CR. The effects of manual therapy on balance and
falls: a systematic review. J Manip Physiol Ther. 2012;35(3):227-34.

van Lummel RC, Walgaard S, Pijnappels M, Elders PJ, Garcia-Aymerich J, van
Dieén JH, et al. Physical performance and physical activity in older adults:
associated but separate domains of physical function in old age. PLoS One. 2015;
10(12):e0144048.

Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions
Version 5.1.0: The Cochrane Collaboration www.cochrane-handbookorg; 2011.
Fletcher J. What is heterogeneity and is it important? BMJ (Clinical research
ed). 2007,334(7584):94-6.

Abbott JH, Chapple CM, Fitzgerald GK, Fritz JM, Childs JD, Harcombe H,

et al. The incremental effects of manual therapy or booster sessions in
addition to exercise therapy for knee osteoarthritis: a randomized clinical
trial. J Orthop Sports Phys Ther. 2015;45(12):975-83.

Abbott JH, Robertson MC, Chapple C, Pinto D, Wright AA, Leon De la Barra
S, et al. Manual therapy, exercise therapy, or both, in addition to usual care,
for osteoarthritis of the hip or knee: a randomized controlled trial. 1: clinical
effectiveness. Osteoarthr Cartil. 2013;21(4):525-34.

Bennell KL, Egerton T, Martin J, Abbott JH, Metcalf B, McManus F, et al.
Effect of physical therapy on pain and function in patients with hip
osteoarthritis: a randomized clinical trial. Jama. 2014;311(19):1987-97.
Bennell KL, Hinman RS, Metcalf BR, Buchbinder R, McConnell J, McColl G, et al.
Efficacy of physiotherapy management of knee joint osteoarthritis: a randomised,
double blind, placebo controlled trial. Ann Rheum Dis. 2005,64(6):906-12.
Bennell KL, Matthews B, Greig A, Briggs A, Kelly A, Sherburn M, et al. Effects
of an exercise and manual therapy program on physical impairments,
function and quality-of-life in people with osteoporotic vertebral fracture: a
randomised, single-blind controlled pilot trial. BMC Musculoskelet Disord.
2010;11:36.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 9 of 10

Beselga C, Neto F, Alburquerque-Sendin F, Hall T, Oliveira-Campelo N.
Immediate effects of hip mobilization with movement in patients with hip
osteoarthritis: a randomised controlled trial. Man Ther. 2016;22:80-5.
Castro-Sanchez AM, Mataran-Penarrocha GA, Arroyo-Morales M, Saavedra-
Hernandez M, Fernandez-Sola C, Moreno-Lorenzo C. Effects of myofascial release
techniques on pain, physical function, and postural stability in patients with
fibromyalgia: a randomized controlled trial. Clin Rehabil. 2011;25(9):800-13.
Cheawthamai K, Vongsirinavarat M, Hiengkaew V, Saengrueangrob S. A
comparison of home-based exercise programs with and without self-
manual therapy in individuals with knee osteoarthritis in community. J Med
Assoc Thail. 2014;97(Suppl 7):595-100.

Cortés Godoy V, Gallego Izquierdo T, Lazaro NI. Effectiveness of massage
therapy as co-adjuvant treatment to exercise in osteoarthritis of the knee: a
randomized control trial. Journal of back and musculoskeletal rehabilitation.
2014;27(4):521-9.

Cuesta-Barriuso R, Gomez-Conesa A, Lopez-Pina JA. Manual therapy in the
treatment of ankle hemophilic arthropathy. A randomized pilot study.
Physiother Theory Pract. 2014;30(8):534-9.

Deyle GD, Allison SC, Matekel RL, Ryder MG, Stang JM, Gohdes DD,

et al. Physical therapy treatment effectiveness for osteoarthritis of the
knee: a randomized comparison of supervised clinical exercise and
manual therapy procedures versus a home exercise program. Phys Ther.
2005;85(12):1301-17.

Deyle GD, Henderson NE, Matekel RL, Ryder MG, Garber MB, Allison SC.
Effectiveness of manual physical therapy and exercise in osteoarthritis
of the knee. A randomized, controlled trial. Ann Intern Med. 2000;
132(3):173-81.

Dougherty PE, Karuza J, Dunn AS, Savino D, Katz P. Spinal manipulative therapy
for chronic lower Back pain in older veterans: a prospective, randomized.
Placebo-Controlled Trial Geriatr Orthop Surg Rehabil. 2014;5(4):154-64.
Fitzgerald GK, Fritz JM, Childs JD, Brennan GP, Talisa V, Gil AB, et al. Exercise,
manual therapy, and use of booster sessions in physical therapy for knee
osteoarthritis: a multi-center, factorial randomized clinical trial. Osteoarthr
Cartil. 2016;24(8):1340-9.

French HP, Cusack T, Brennan A, Caffrey A, Conroy R, Cuddy V, et al. Exercise
and manual physiotherapy arthritis research trial (EMPART) for osteoarthritis
of the hip: a multicenter randomized controlled trial. Arch Phys Med
Rehabil. 2013;94(2):302-14.

Hicks GE, Sions JM, Velasco TO, Manal TJ. Trunk muscle training augmented
with neuromuscular electrical stimulation appears to improve function in
older adults with chronic low Back pain: a randomized preliminary trial. Clin
J Pain. 2016;32(10):898-906.

Jardine WM, Gillis C, Rutherford D. The effect of osteopathic manual therapy
on the vascular supply to the lower extremity in individuals with knee
osteoarthritis: a randomized trial. International Journal of Osteopathic
Medicine. 2012;15(4):125-33.

Kim HJ, Yu SH. Effects of complex manual therapy on PTSD, pain, function,
and balance of male torture survivors with chronic low back pain. J Phys
Ther Sci. 2015;27(9):2763-6.

Lee KS, Lee JH. Effect of Maitland mobilization in cervical and thoracic spine
and therapeutic exercise on functional impairment in individuals with
chronic neck pain. J Phys Ther Sci. 2017;29(3):531-5.

Maiers M, Bronfort G, Evans R, Hartvigsen J, Svendsen K, Bracha Y, et al.
Spinal manipulative therapy and exercise for seniors with chronic neck pain.
Spine J. 2014;14(9):1879-89.

Rudolfsson T, Djupsjobacka M, Hager C, Bjorklund M. Effects of neck
coordination exercise on sensorimotor function in chronic neck pain: a
randomized controlled trial. J Rehabil Med. 2014;46(9):908-14.

Ruhe A, Fejer R, Walker B. Pain relief is associated with decreasing postural
sway in patients with non-specific low back pain. BMC Musculoskelet
Disord. 2012;13:39.

Trampas A, Mpeneka A, Malliou V, Godolias G, Vlachakis P. Immediate
effects of Core-stability exercises and clinical massage on dynamic-
balance performance of patients with chronic specific low Back pain.
J Sport Rehabil. 2015;24(4):373-83.

van den Dolder PA, Roberts DL. Six sessions of manual therapy increase knee
flexion and improve activity in people with anterior knee pain: a randomised
controlled trial. Australian Journal of Physiotherapy. 2006;52(4):261-4.

Yu SH, Sim YH, Kim MH, Bang JH, Son KH, Kim JW, et al. The effect of
abdominal drawing-in exercise and myofascial release on pain, flexibility,
and balance of elderly females. J Phys Ther Sci. 2016;28(10):2812-5.


http://www.cochrane-handbook.org

Kendall et al. Chiropractic & Manual Therapies (2020) 28:13 Page 10 of 10

43, Goertz CM, Xia T, Long CR, Vining RD, Pohlman KA, DeVocht JW,
et al. Effects of spinal manipulation on sensorimotor function in low
back pain patients--a randomised controlled trial. Man Ther. 2016;21:
183-90.

44.  Perera S, Mody SH, Woodman RC, Studenski SA. Meaningful change and
responsiveness in common physical performance measures in older adults.
J Am Geriatr Soc. 2006;54(5):743-9.

45, Gautschi OP, Stienen MN, Corniola MV, Joswig H, Schaller K, Hildebrandt G,
et al. Assessment of the minimum clinically important difference in the
timed up and go test after surgery for lumbar degenerative disc disease.
Neurosurgery. 2017;80(3):380-5.

46. Franco MR, Tong A, Howard K, Sherrington C, Ferreira PH, Pinto RZ, et al.
Older people’s perspectives on participation in physical activity: a systematic
review and thematic synthesis of qualitative literature. Br J Sports Med.
2015:bjsports-2014-094015.

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

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Types of studies
	Types of participants
	Types of interventions and comparisons
	Types of outcome measures
	Search methods
	Study selection and data extraction
	Risk of bias
	Data analysis

	Results
	Clinical balance measures
	Objective balance measures
	Risk of bias

	Discussion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

