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Abstract

Context: A variety of manual manipulation techniques are
utilized in clinical practice to alleviate pain and improve
musculoskeletal function. Many manual practitioners
analyze gait patterns and asymmetries in their assessment
of the patient, and an increasing number of gait motion
capture studies are taking place with recent improvements
in motion capture technology. This study is the first sys-
tematic review of whether these manual modalities have
been shown to produce an objectively measurable change in
gait mechanics.
Objectives: This study was designed to perform a system-
atic review of the literature to assess the impact of manual
medicine modalities on biomechanical parameters of gait.
Methods: Amaster search term composed of keywords and
Medical Subject Headings (MeSH) search terms from an
initial scan of relevant articles was utilized to search six
databases. We screened the titles and abstracts of the
resulting papers for relevance and then assessed their
quality with the Cochrane Risk of Bias Tool. Clinical trials
that featured both a manual manipulation intervention and
multiple mechanical gait parameters were included. Case
reports and other studies that only measured gait speed or
other subjective measures of mobility were excluded.
Results: We included 20 studies in our final analysis. They
utilize manipulation techniques primarily from osteopathic,
chiropractic, massage, and physiotherapy backgrounds. The

conditions studied primarily included problems with the
back, knee, and ankle, as well as healthy patients and Par-
kinson’s patients. Control groups were highly variable, if not
absent. Most studies measured their gait parameters utiliz-
ing either multicamera motion capture systems or force
platforms.
Conclusions: Twelve of 20 papers included in the final
analysis demonstrated a significant effect of manipulation
on gait variables, many of which included either step length,
walking speed, or sagittal range of motion (ROM) in joints of
the lower extremity. However, the results and study design
are too heterogeneous to draw robust conclusions from
these studies as a whole. While there are initial indications
that certain modalities may yield a change in certain gait
parameters, the quality of evidence is low and there is
insufficient evidence to conclude that manual therapies
induce changes in biomechanical gait parameters. Studies
are heterogeneous with respect to the populations studied
and the interventions performed. Comparators were vari-
able or absent across the studies, as were the outcome var-
iables measured. More could be learned in the future with
consistent methodology around blinding and sham treat-
ment, and if the gait parameters measured were standard-
ized and of a more robust clinical significance.

Keywords: chiropractic; gait; manual therapy; massage;
motion-capture; osteopathic

Manual manipulation is an adjunctive therapy utilized by
many practitioners to help relieve pain, improve physical
function, and decrease disease burden for patients with a
variety of musculoskeletal and systemic conditions. Manual
manipulation has been shown to be cost-effective and effi-
cacious formusculoskeletal conditions when comparedwith
general practitioner care [1]. Prominent schools of manual
manipulation include osteopathic manipulative treatment
(OMT), chiropractic manipulation, massage, and physio-
therapy joint mobilization, all of which have been shown to
have efficacy for a variety of conditions. OMT has been
shown to provide clinical benefit for patients with chronic
low back pain (n=433) [2], neck pain (n=90) [3], and patello-
femoral pain syndrome (n=82) [4]. Systematic reviews have
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shown the clinical benefits of chiropractic manipulation for
patients with low back pain [5] and neck pain [6]. Massage is
efficacious for patients with knee osteoarthritis (OA) (n=175)
[7, 8] and has been shown to reduce delayed-onset muscle
soreness after exercise (n=78) [9]. Finally, systematic reviews
have demonstrated clinical benefits of joint mobilization
therapy in patients with frozen shoulder [10], lateral ankle
sprain [11], and knee OA [12].

Gait, or the steady state of walking, requires the inte-
gration of multiple types of sensory information from so-
matosensory, vestibular, and visual systems in addition to
the active engagement of cortical integration of sensory
input with motor output, central pattern generators, reflex
systems, and complex executive functions [13]. Manual
therapy can improve overall posture including head posi-
tion, thoracic kyphosis, and pelvic position [14]. It has also
been demonstrated to improve postural stability, balance,
strength, and range of motion (ROM) [15–18]. These im-
provements may be mediated through changes that manip-
ulation can affect in motor unit behavior, cortical drive,
cortical processing, sensorimotor integration, motor control,
joint position sense, and central integration [19–26].
Manipulative treatment may also improve pain conditions,
such as knee OA, that may alter gait [27]. It is therefore
reasonable to expect thatmanual therapy intervention could
influence gait by means of changing any or all of these
factors.

Historically, decreased gait speed has been identified as
a useful clinical indicator of poor long-term health outcomes
in elderly patients [28, 29]. Slower gait speed has also been
associated with impaired activities of daily living and is an
important predictor of health-related quality of life [30, 31].
Poor mobility, with gait speed as the most commonly re-
ported mobility measure, has been associated with depres-
sive symptoms [32]. In addition, there is significant evidence
to support that variability in gait is associated and may be
predictive of future fall risk, especially in elderly patients
[32–42]. The impacts of falls in this population include high
morbidity and mortality as well as poor overall health,
stress, depression, and loss of independence [43–45]. Gait
also plays a role in injury progression in the lower extremity,
hips, and back, all of which are affected by symmetry and
magnitude of forces that impact the body during each step
[46–48]. Finally, gait disturbance due to concussion has been
demonstrated, and although we identified no trials studying
the effect ofmanipulation on gait in concussion patients, this
represents an emerging field of study [49].

With the improvement in motion capture camera tech-
nology, gait analysis has become a popular area of study for
medical researchers in a variety of fields. Many manual
medicine practitioners have identified objective gait

analysis systems as a tool that could provide additional ev-
idence basis for the efficacy, and potentially an underlying
mechanism of action, of their treatments. In theory, identi-
fying gait parameters that reliably predict clinical health
outcomes in a certain population and then demonstrate an
ability to consistently improve that parameter with manip-
ulation could provide robust evidence of the efficacy of the
treatment.

In this study, we assess all available research investi-
gating the impact of a manual manipulation intervention on
a patient’s gait utilizingmechanical gait analysis variables as
their primary outcome measure.

Methods

An initial search was performed in PubMed with the following terms
along with “gait”: osteopathic, chiropractic, manual medicine, manip-
ulative medicine, manual therapy, massage, and manual-therapy
physical therapy (PT). Relevant papers were reviewed for Medical
Subject Headings (MESH) search terms and keywords, and after
compiling an initial list, the research team (SY, SF, BH, TM, AF) agreed on
a final list of search terms to be utilized in each database search
(Figure 1). The following databases were searched on June 21, 2022 uti-
lizing our keywords: CINAHL (Cumulative Index to Nursing and Allied
Health Literature), PubMed, Scopus, SPORTDiscus, Trip Database Pro,
Embase (Excerpta Medica dataBASE).

Search results yielded 5,532 total results that were aggregated in
Rayyan. The software automatically removed 220 duplicates and flagged
an additional 570 papers as potential duplicates. The research team
scanned the titles and abstracts for relevance, excluding case reports
and any study that did not include both a manual therapy intervention
and a stated outcome measure involving gait. Review papers were
excluded, but their references were scanned for relevant studies. This
narrowed the initial search results down to 115 papers for consideration.
Of that group, 27were selected for further analysis as they demonstrated
both a manual manipulation intervention and a mechanical measure-
ment of gait parameters in their outcome data. Of note, functional as-
sessments of gait such as the Western Ontario and McMaster
Universities Arthritis (WOMAC) Index,which is a 24-point questionnaire

Figure 1: The master search terms.
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utilized to assess pain, stiffness, and function in knee and hip OA, were
insufficient for inclusion. Papers utilizing gait speed as their only gait
parameter were also excluded. Within the final inclusion group, three
papers were excluded because they were not available in English, and
four were excluded due to insufficient description of their methods,
bringing the final count of papers for analysis to 20 (Figure 2). Included
papers were assessed for risk of bias utilizing the Cochrane Risk of Bias
Tool for Randomized Trials. Disagreements among the research team
were addressed through whole-group discussion until a consensus was
reached.

Results

Full PICO (P – Patient, problem, or population; I – Inter-
vention; C – Comparison, control or comparator; O –

Outcome[s]) breakdown of the included studies can be seen
in Table 1. The 20 studies ranged in size from 9 to 100 sub-
jects, with two studying women only, one men only, and 17
all sexes. The studies involved 787 subjects in total, 419 men
and 331 women, and 37 sex not specified. Ages studied
ranged from 15 to 70. The conditions studied included
healthy subjects, knee OA, Parkinson’s disease, low back

pain, chronic sacroiliac (SI) joint problems, acute-inversion
ankle sprain, restriction in knee extension after ACL sur-
gery, and abnormal gait after stroke.

The interventions studied were PT, osteopathic, chiro-
practic, and massage. The interventions varied in number
and length of treatment sessions, and in treatment of specific
body part vs. whole-body treatment. The most commonly
utilized interventions included whole-body OMT, ankle joint
mobilization, and chiropractic manipulation to the SI joint.

Interventionswere assessed againstmanydifferent types
of control conditions. Although some studies utilized sham
manual treatment, stretching, or other well-established con-
servative treatments, many studies compared their manipu-
lation group to a “no manipulation” control, whereas others
did not include a control group at all.

Mechanical gait parameters were primarily measured
utilizing either a multicamera motion capture system uti-
lizing reflective markers placed on standardized body loca-
tions, or some variation of a force platform walkway or
treadmill that measured forces transmitted from the subject
into thefloor during the gait cycle. Some studies utilized both
technologies simultaneously. The most commonly assessed

Figure 2: The study flow throughout the review
of search results.

Yanuck et al.: Effect of manipulation on gait 439



Ta
bl
e

:
PI
CO

+
re
su
lts

fr
om



an
al
yz
ed

st
ud

ie
s.

Au
th
or

Ye
ar

n=
Po

w
er

an
al
ys
is

Po
pu

la
tio

n/
co
nd

iti
on

In
te
rv
en

tio
n

Fr
eq

ue
nc

y
Co

m
pa

ri
so
n

M
ea

su
re

O
ut
co
m
e
va

ri
ab

le
s

Ri
sk

of
bi
as

Re
su
lt

G
re
en

et
al
.









N
o

Ac
ut
e
an
kl
e
sp
ra
in

Jo
in
tm

ob
ili
za
tio

n+
RI
CE


se
ss
io
ns

in

w
ee
ks

or
un

til
di
sc
ha
rg
e

Ta
pi
ng

+R
IC
E

Si
ng

le
vi
de
o

ca
m
er
a

G
S,
SL
,S
ST
,G

Sy
m

H
ig
h

Po
s

H
er
zo
g
et

al
.









N
o

Ch
ro
ni
c
SI

jo
in
t

dy
sf
un

ct
io
n

Ch
iro

pr
ac
tic

sp
in
al

m
an
ip
ul
at
io
n



se
ss
io
ns

in

w
ee
ks

Ba
ck

sc
ho

ol
Fo
rc
e
pl
at
fo
rm

/
tr
ea
dm

ill
VG

RF
,A

PG
RF
,M

LG
RF

H
ig
h

Po
s

W
oj
to
w
ic
z

et
al
.









N
o

H
ea
lth

y
ad
ul
ts

Ch
iro

pr
ac
tic

SI
jo
in
t

m
an
ip
ul
at
io
n

Si
ng

le
se
ss
io
n

W
ai
tin

g
pe
rio

d
Fo
rc
e
pl
at
fo
rm

/
tr
ea
dm

ill
AF
F,
AF
B,

FR
,S
L,
St
rL
,D

SP
%
,

ST
,S
tr
T,
Ca

d,
M
PF
,M

PM
,

M
PH

H
ig
h

Po
s

W
ar
d
et

al
.









N
o

H
ea
lth

y
ad
ul
ts

Ch
iro

pr
ac
tic

SI
jo
in
t

m
an
ip
ul
at
io
n

N
ot

re
po

rt
ed

N
o
m
an
ip
ul
at
io
n

M
oC

ap
SH

A,
SK
A,

SA
A,
D
ST
,S
ta
T,
SL
,

St
rL

Lo
w

N
eg

W
ar
d
et

al
.









N
o

H
ea
lth

y
ad
ul
ts

Ch
iro

pr
ac
tic

dr
op

ta
bl
e
SI

jo
in
t

m
an
ip
ul
at
io
n

N
ot

re
po

rt
ed

N
o
m
an
ip
ul
at
io
n

M
oC

ap
SH

A,
SK
A,

SA
A,
D
ST
,S
ta
T,
SL
,

St
rL

M
od

er
at
e

N
eg

D
itc
ha
rle

s
et

al
.









N
o

H
ea
lth

y
ad
ul
ts

T
H
VL
A

Si
ng

le
se
ss
io
n

Sh
am

tr
ea
tm

en
t

Fo
rc
e
pl
at
fo
rm

/
tr
ea
dm

ill
AP

CO
G
Ac
c,
CO

G
V,
CO

G
D
,F
C,

TO
,A

PA
s

M
od

er
at
e

Po
s

H
ill
et

al
.









Ye
s

H
ea
lth

y
ad
ul
ts

W
ho

le
bo

dy
O
M
T

Si
ng

le
se
ss
io
n

N
o
co
nt
ro
l

M
oC

ap
SL
,S
tr
L,
St
aT
,V
G
RF
,V
G
RF
I,

PK
FA

H
ig
h

N
eg

G
op

al
sw

am
i

et
al
.










Ye
s

Kn
ee

D
JD

Jo
in
tm

ob
ili
za
tio

n,
M
ET
,

in
te
rf
er
en
tia
lt
he
ra
py
,e
xe
rc
is
e,

ed
uc
at
io
n


se
ss
io
ns

in

w
ee
ks

In
te
rf
er
en
tia
lt
he
r-

ap
y,
ex
er
ci
se
s,

ed
uc
at
io
n

Fo
ot
pr
in
tm

et
ho

d
St
rL
,S
L,
Ca

d
H
ig
h

N
eg

Ro
bi
ns
on

et
al
.







N
o

Lo
w
ba
ck

pa
in

Ch
iro

pr
ac
tic

SI
jo
in
t

m
an
ip
ul
at
io
n

Si
ng

le
se
ss
io
n

N
o
co
nt
ro
l

Fo
rc
e
pl
at
fo
rm

/
tr
ea
dm

ill
D
es
cr
ib
ed



ga
it
va
ria

bl
es

H
ig
h

N
eg

H
er
zo
g
et

al
.









N
o

Lo
w
ba
ck

pa
in

Ch
iro

pr
ac
tic

SI
jo
in
t

m
an
ip
ul
at
io
n


se
ss
io
ns

in

w
ee
ks

N
o
co
nt
ro
l

Fo
rc
e
pl
at
fo
rm

/
tr
ea
dm

ill
M
LG

RF
,V
G
RF
,A

PG
RF

H
ig
h

Po
s

Kr
ek
ou

ki
as

et
al
.









Ye
s

Lo
w
ba
ck

pa
in

M
an
ua
lt
he
ra
py


se
ss
io
ns

in

w
ee
ks


.S
tr
et
ch
in
g,
TE
N
S

un
it,
m
as
sa
ge
.
.

Sh
am

tr
ea
tm

en
t

M
oC

ap
G
RF
,t
ru
nk

an
d
pe
lv
is

sy
m
m
et
ry

M
od

er
at
e

Po
s

Ka
ng

et
al
.









Ye
s

M
en

w
ith

<

de
-

gr
ee
s
of

D
F
RO

M
of

th
e
an
kl
e
in
kn
ee

ex
te
ns
io
n

Jo
in
tm

ob
ili
za
tio

n+
st
re
tc
hi
ng

Si
ng

le
se
ss
io
n

St
re
tc
hi
ng

M
oC

ap
TH

O
,A

D
FH

O
Lo
w

Po
s

W
el
ls
et

al
.









N
o

Pa
rk
in
so
n’
s
di
se
as
e

St
an
da
rd
ize

d
w
ho

le
bo

dy
O
M
T

pr
ot
oc
ol

Si
ng

le
se
ss
io
n

Sh
am

tr
ea
tm

en
t

M
oC

ap
St
rL
,C
ad
,S
V,
AV

,W
V,
H
V,
KV

,
An

V
M
od

er
at
e

Po
s

Te
rr
el
le
ta

l.








Ye
s

Pa
rk
in
so
n’
s
di
se
as
e

W
ho

le
bo

dy
O
M
T

Si
ng

le
se
ss
io
n


.N

ec
k
do

w
n
O
M
T


.S
ha
m

tr
ea
tm

en
t



ca
m
er
a
m
ot
io
n

ca
pt
ur
e
sy
st
em

w
ith

du
al
be
lt

tr
ea
dm

ill

SH
A,

SK
A,

SA
A

Lo
w

N
eg

H
un

te
ta

l.








N
o

Li
m
ite
d
kn
ee

ex
tp

os
t

AC
L
su
rg
er
y

An
te
rio

tib
io
fe
m
or
al
gl
id
es

Si
ng

le
se
ss
io
n

N
o
co
nt
ro
l

M
oC

ap
SL
,S
tr
L,
G
S,
SK
A

H
ig
h

Po
s

440 Yanuck et al.: Effect of manipulation on gait



Ta
bl
e

:
(c
on

tin
ue
d)

Au
th
or

Ye
ar

n=
Po

w
er

an
al
ys
is

Po
pu

la
tio

n/
co
nd

iti
on

In
te
rv
en

tio
n

Fr
eq

ue
nc

y
Co

m
pa

ri
so
n

M
ea

su
re

O
ut
co
m
e
va

ri
ab

le
s

Ri
sk

of
bi
as

Re
su
lt

Vi
sm

ar
a
et

al
.









N
o

Pr
ad
er

W
ill
i

sy
nd

ro
m
e

W
ho

le
bo

dy
O
M
T

Si
ng

le
se
ss
io
n

N
o
m
an
ip
ul
at
io
n

M
oC

ap
G
S,
Ca

d,
st
an
ce
%
,S
L,
SH

A,
SK
A,

SA
A,
IC
AK

,M
in
KF
M
S,

M
ax
KF
S,
PA

D
St
,M

in
AA

S,
PA

D
Sw

,M
ax
AP

FT
S,
M
ax
-

AP
TS
,M

VF

H
ig
h

Po
s

Al
bi
n
et

al
.









Ye
s

O
pe
n
re
du

ct
io
n
in
-

te
rn
al
fi
xa
tio

n
of

an
kl
e
fr
ac
tu
re

Jo
in
tm

ob
ili
za
tio

n

se
ss
io
ns

in


da
ys

Sh
am

tr
ea
tm

en
t

Fo
rc
e
pl
at
fo
rm

/
tr
ea
dm

ill
G
S,
St
aT
,s
ta
nc
e%

Lo
w

N
eg

Ch
o
et

al
.









Ye
s

St
ro
ke

Jo
in
tm

ob
ili
za
tio

n+
st
re
tc
hi
ng

Si
ng

le
se
ss
io
n


.J
oi
nt

m
ob

ili
za
tio

n

.S
tr
et
ch
in
g

G
W
al
k
ga
it

se
ns
or

Ca
d,
St
rL
,G

S
Lo
w

N
eg

Zh
u
et

al
.









N
o

W
om

en
w
ith

kn
ee

O
A

Ch
in
es
e
m
as
sa
ge


se
ss
io
ns

in

w
ee
ks

N
o
co
nt
ro
l

M
oC

ap
G
S,
SL
,S
W
,T
ST
,I
D
ST
,S
ST
,

IC
AA

,I
CA

K,
IC
AH

H
ig
h

Po
s

Sa
be
te

ta
l.









Ye
s

W
om

en
w
ith

kn
ee

O
A

Sw
ed
is
h
m
as
sa
ge



se
ss
io
ns

in

w
ee
ks

N
o
m
an
ip
ul
at
io
n

M
oC

ap
G
S,
St
rL
,S
W
,T
ST
,I
D
ST
,S
ST

M
od

er
at
e

Po
s

PI
CO

,P
–
Pa
tie
nt
,p
ro
bl
em

,o
rp

op
ul
at
io
n;
I–

In
te
rv
en
tio

n;
C
–
Co

m
pa
ris
on

,c
on

tr
ol
or

co
m
pa
ra
to
r;
O
–
O
ut
co
m
e[
s]
;D

G
D
,d
eg
en
er
at
iv
e
jo
in
td

is
ea
se
;M

oC
ap
,m

ul
tic
am

er
a
m
ot
io
n
ca
pt
ur
e
sy
st
em

w
ith

re
fl
ec
tiv
e

m
ar
ke
rs
;G

S,
ga
it
sp
ee
d;

SL
,s
te
p
le
ng

th
;S
ST
,s
in
gl
e
su
pp

or
tt
im

e;
G
Sy
m
,g
ai
ts
ym

m
et
ry
;V

G
RF
,v
er
tic
al
gr
ou

nd
re
ac
tio

n
fo
rc
e;
VG

RF
I,
ve
rt
ic
al
gr
ou

nd
re
ac
tio

n
fo
rc
e
im

pu
ls
e;
AP

G
RF
,a
nt
er
op

os
te
rio

rg
ro
un

d
re
ac
tio

n
fo
rc
e;
M
LG

RF
,m

ed
io
la
te
ra
lg
ro
un

d
re
ac
tio

n
fo
rc
e;
AF
F,
av
er
ag
e
fo
rc
e
fo
re
fo
ot
;A
FB
,a
ve
ra
ge

fo
rc
e
ba
ck
fo
ot
;F
R,
fo
ot

ro
ta
tio

n;
St
rL
,s
tr
id
e
le
ng

th
;D

SP
%
,d
ou

bl
e
st
an
ce

ph
as
e%

;S
T,
st
ep

tim
e;
St
rT
,s
tr
id
e

tim
e;
Ca

d,
ca
de
nc
e;
M
PF
,m

ax
pr
es
su
re

fo
re
fo
ot
;M

PM
,m

ax
pr
es
su
re

m
id
fo
ot
;M

PH
,m

ax
pr
es
su
re

he
el
;S
H
A,
sa
gi
tt
al
hi
p
an
gl
e;
SK
A,
sa
gi
tt
al
kn
ee

an
gl
e;
SA
A,
sa
gi
tt
al
an
kl
e
an
gl
e;
D
ST
,d
ou

bl
e
su
pp

or
tt
im

e;
St
aT
,

st
an
ce

tim
e;
AP

CO
G
Ac
c,
an
te
ro
po

st
er
io
rc
en
te
ro

fg
ra
vi
ty
ac
ce
le
ra
tio

n;
CO

G
V,
ce
nt
er
of
gr
av
ity

ve
lo
ci
ty
;C
O
G
D
,c
en
te
ro

fg
ra
vi
ty
di
sp
la
ce
m
en
t;
FC
,f
oo

tc
on

ta
ct
;T
O
,t
oe

off
;A
PA

s,
an
tic
ip
at
or
yp

os
tu
ra
la
dj
us
tm

en
ts
;

PK
FA
,p
ea
k
kn
ee

fl
ex
io
n
an
gl
e;
TH

O
,t
im

e
to
he
el
off

;A
D
FH

O
,a
nk
le
do

rs
ifl
ex
io
n
be
fo
re

he
el
off

;S
V,
sh
ou

ld
er

ve
lo
ci
ty
;A
V,
ar
m
ve
lo
ci
ty
;W

V,
w
ris
tv
el
oc
ity
;H

V,
hi
p
ve
lo
ci
ty
;K
V,
kn
ee

ve
lo
ci
ty
;A
nV

,a
nk
le
ve
lo
ci
ty
;T
ST
,

to
ta
ls
up

po
rt
tim

e;
ID
ST
,i
ni
tia
ld
ou

bl
e
su
pp

or
tt
im

e;
IC
AK

,i
ni
tia
lc
on

ta
ct
an
gl
e
of
kn
ee
;I
CA

H
,i
ni
tia
lc
on

ta
ct
an
gl
e
of
hi
p;
IC
AA

,i
ni
tia
lc
on

ta
ct
an
gl
e
of
an
kl
e;
SW

,s
te
p
w
id
th
;M

in
KF
M
S,
m
in
im

um
kn
ee

fl
ex
io
n
in
m
id

st
an
ce
;M

ax
KF
S,
m
ax
im

um
kn
ee

fl
ex
io
n
in
sw

in
g;
PA

D
St
,p
ea
k
an
kl
e
do

rs
ifl
ex
io
n
du

rin
g
st
an
ce
;M

in
AA

S,
m
in
im

um
an
kl
e
an
gl
e
in
st
an
ce
;P
AD

Sw
,p
ea
k
an
kl
e
do

rs
ifl
ex
io
n
in
sw

in
g;

M
ax
AP

FT
S,
m
ax
im

um
an
kl
e

pl
an
ta
rfl

ex
io
n
in
te
rm

in
al
st
an
ce
;M

ax
AP

TS
,m

ax
im

um
an
kl
e
po

w
er

in
te
rm

in
al
st
an
ce
;M

VF
,m

ax
im

um
ve
rt
ic
al
fo
rc
e;
M
ET
,m

us
cl
e
en
er
gy

te
ch
ni
qu

e;
RI
CE
,r
es
t,
ic
e,
co
m
pr
es
si
on

,a
nd

el
ev
at
io
n;

SI
,s
ac
ro
ili
ac
;

H
VL
A,

hi
gh

-v
el
oc
ity
,l
ow

-a
m
pl
itu

de
;G

RF
,g
ro
un

d
re
ac
tio

n
fo
rc
e;
D
FR
O
M
,d
or
si
fl
ex
io
n
ra
ng

e
of

m
ot
io
n;

TE
N
S,
tr
an
sc
ut
an
eo
us

el
ec
tr
ic
al
ne
rv
e
st
im

ul
at
io
n.

Yanuck et al.: Effect of manipulation on gait 441



gait variables included stride length, step length, step width,
walking speed (m/s), walking cadence (steps/minute), stance
time, stance percentage, double support time, single support
time, vertical ground reaction force (VGRF), and the sagittal
angle of the ankle, knee, and hip throughout gait. Significant
changes in mechanical gait parameters were reported in 12
out of the 20 included studies.

Risk of bias analysis yielded 10 papers with a high risk of
bias, five with a moderate risk of bias, and five with a low
risk of bias. Eight studies performed power analysis,
whereas 12 did not describe power analysis methodology
[50–69]. Six studies were identified that were considered to
have a low ormoderate risk of bias and that also conducted a
power analysis. Among those studies were four manual
physiotherapy studies, one massage study on knee OA, and
one whole-body OMT study in Parkinson’s patients.

Discussion

Overall, 12 of the 20 studies found a significant effect of
manipulation on their gait parameters. However, a high risk
of bias, a small sample, and the presence of significant het-
erogeneity of design between studies makes it irresponsible
to draw any robust conclusions from this group of studies as
a whole or to perform a meta-analysis. Although some sub-
groups of studies do have notable overlap in the style of
intervention, gait analysis methodology, and gait variables
measured, significant variability still exists in terms of dis-
ease state of the population of interest, specifics of the
intervention implemented, extent and nature of comparison
groups, and outcomemeasures deemed to bemost pertinent
by the research groups. This prevailing heterogeneity would
undermine the validity of any conclusions drawn from an
analysis of any cluster of these studies.

Additionally, many of the studies included were either
at high risk of bias, or failed to perform a power analysis,
creating further barriers to drawing firm conclusions from
their findings, whether positive or negative.

We identified six studies considered low or moderate
risk of bias that also conducted a power analysis, including
four manual physiotherapy studies, one massage study on
knee OA, and one whole-body OMT study in Parkinson’s
patients.

Krekoukias et al. [60] demonstrated a positive clinical
effect of five sessions of manual therapy in patients with low
back pain, along with a weak trend toward symmetrical gait.
Albin et al. [66] found no significant changes in gait after
three sessions of manual therapy to the ankles of patients
postsurgical fixation of ankle or midfoot fracture. Cho and
Park [67] demonstrated increases in cadence, stride length,

and speed among stroke patients receiving a single session of
joint mobilization and stretching, or just stretching, to the
ankle joint. However, these treatment groups outperformed
the group undergoing joint mobilization alone, pointing to
stretching as the primary mediator of their findings [67].
Among healthy patients with limited ankle dorsiflexion
range of motion (DF ROM), Kang et al. [61] demonstrated
increased time to heel off and DF ROM before heel off after a
single session of joint mobilization and stretching. In
contrast to the stroke study by Cho and Park [67], Kang et al.
[61] found that this treatment outperformed the stretching
alone group, pointing to jointmobilization as themediator of
their observed effect.

Terrell et al. [63] compared the effect of one session of
whole-body OMT, neck-down OMT, and sham treatment on
gait in a population of Parkinson’s patients. Although they
reported improved hip ROM in the whole-body OMT group,
they found no significant difference in their gait parameters,
including the sagittal angle of the hip, knee, and ankle
throughout the gait cycle [63].

Finally, Sabet et al. [68] demonstrated significant
changes in clinical measures and gait parameters in women
with knee OA after 12 sessions of Swedish massage. They
reported increases in speed, total support time, and single
support time, along with decreases in step width and initial
double support time [68]. This study was considered to have
a moderate risk of bias, and utilized a “usual treatment”
group as their control group, leaving open the possibility
that a similar level of significance could have been found
with a light touch or sham massage control group. Of note,
Qingguang et al. [69] investigated the effect of six sessions of
Chinese massage on women with knee OA. While they also
reported significant increases in gait speed and total support
time, they reported increases in step width [69], which
contrasts with the findings of Sabet et al [68]. While inter-
pretation of these studies taken together should be guarded
because they include a study at high risk of bias, they may
serve as an example for future gait and manipulation
studies, because they utilized similar overall study design
and gait analysis methodology. With a reduced risk of bias
and increased sample size, studies like these could be
analyzed together to make a stronger overall conclusion
regarding the effect of massage on gait in women with knee
OA.

Limitations

Of note, we only analyzed studies utilizing mechanical gait
measurement systems, andwe excludedmanymanipulation
studies that utilized subjective, clinically oriented mobility
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indices like the timed up and go (TUG) test and the WOMAC
Index. Although these indices may lack the precision of
computer-generated data, they have a significant head start
in terms of their established significance in the clinical
setting [70]. By excluding these studies, we were left with a
group of studies looking at a conglomeration of gait vari-
ables, very few of which were grounded with a clear
description of clinical significance.

While certain gait variables have been shown to have a
consistent clinical significance, the majority of common
variables for analysis have poor or mixed results in the
currently available literature. Gait changes associated with
increased risk of falls in the elderly include increased double
support time variability, double support time, and step
length variability, and decreased stride length and gait
speed, although these last two associations have been chal-
lenged by some authors [71–76]. Knee OA has been associ-
ated with reduced gait speed and increased stride time
variability, but these studies were not designed to establish
directional causality [31]. In recreational runners, increased
prospective injury risk was associated with increased stride
length and flight time, and decreased contact time and ratio
of contact time:stride time. VGRFs are commonly thought to
mediate running-related injury. While two studies found a
greater VGRF loading rate in runners with stress fracture
and plantar fasciitis, the majority of the available evidence
found no association between VGRFs and the risk for
running-related injury [77–79].

Conclusions

While the literature demonstrates specific populations
where gait analysis can provide reliable clinical utility, the
majority of studies looking to establish clinical significance
have yielded mixed or negative results. Additionally, very
few of these studies have established directional causality,
which weakens our ability to make claims about the benefits
of a potential change in gait due to manipulation. Never-
theless, objective measurement of mechanical gait parame-
ters represents an intriguing method for investigating the
effect of manual manipulation on gait and the role of gait in
overall health.

Further research and standardization of the measure-
ment of motion capture collected gait variables seen across
the studies in this review is needed in order to evaluate
significance and assess clinical relevance and predictive
values. Lack of concordance between clinical data like
symptom and functionality questionnaires and the gait
metrics that were reported in many of these studies further
underlines the need for future studies in which gait

variables can demonstrate a reliable association with
improved clinical outcomes. The premise that a faster or
more symmetric gait is associated with improved clinical
outcomeswas aworking assumption formany of the authors
reviewed in this study, but those premises need more
investigation before being broadly accepted in larger pop-
ulations of interest.

Lastly, creating a methodological consensus around
blinding, sham treatment, andmeasurement of relevant gait
variables will be crucial to create the conditions for higher-
quality manipulation and gait studies. Future research will
benefit from this standardization, because it will allow for
larger-scale aggregation of data for high-powered meta-
analysis, yielding more robust conclusions about the impact
of manipulation on gait.
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