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What is the effect of sensori-motor training on functional
outcome and balance performance of patients’ undergoing

TKR? A systematic review
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bstract

bjectives Total knee replacement (TKR) has a beneficial effect on patients’ functional ability; however, incidence of falls and deficits on
roprioception are not restored even 1-year after surgery. Early and intensive exercise post-TKR has received limited endorsement in the
iterature. The aim of this review was to systemically identify and critically appraise clinical studies investigating the effect of sensori-motor
raining on functional and balance performance in TKR patients.
ata sources The electronic databases Cochrane Library, MEDLINE, EMBASE, CINAHL, PEDro and the register of current controlled

rials were searched up to September 2014.
eview methods Two independent reviewers used predefined inclusion and exclusion criteria to identify all eligible articles. Eligible articles
ere summarized and critically reviewed, using the PEDro scale.
esults Two hundred and seventy six articles were screened, six were included. The studies, presented the results of 409 patients (269

ntervention, 140 control). A range of rehabilitation protocols were defined by components of proprioception, postural control, balance
erturbation and coordination. All studies supported the use of sensori-motor training as an additional element in patients’ rehabilitation
rotocols. Clinical performance-based tests (more than relevant patient-reported measures) showed that functional ability and balance were
mproved compared to controls. The robustness of evidence was compromised because most of the studies were underpowered.
onclusions Limited robust (Ia) evidence supports the equal effectiveness of functional rehabilitation program as a functional rehabilitation

nhanced with sensori-motor elements in patients post-TKR. However, dose-response parameters of exercise eliciting improvement warrant
urther investigation.
2015 Chartered Society of Physiotherapy. Published by Elsevier Ltd. All rights reserved.

eywords: Balance control; Balance training; Sensori-motor training; Proprioception training; Knee replacement; Systematic review

a
d

ntroduction
Approximately 60 to 80% of patients with osteoarthri-
is (OA) of the knee report knee instability, which affects
ensori-motor and postural control, incidence of falls and
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bility to perform every-day life (ADL) activities [1–4]. Evi-
ence from studies investigating the effect of total knee
eplacement (TKR), as a treatment to knee OA, showed
radual restoration of sensori-motor and functional abilities
ithout however, reaching full recovery, even at 6-months
ostsurgery [5–11]. There is a 27% postsurgery reduction
n patient’ numbers exceeding cut-off criteria for falls-risk

n the elderly (14 seconds, TUG test), indicating that falls-
ikelihood and restrictions to quality of life (QOL), is reduced
ut not eliminated [9–11].
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Studies were analyzed for methodological quality using
the PEDro ten point scale [23] which assesses internal validity
and interpretation of each trial.
M. Moutzouri et al. / Phy

Studies investigating traditional ‘cornerstones’ of TKR
ecovery involving exercise programs with ROM and
trengthening exercises, have shown small beneficial effects.
unctional rehabilitation (exercises mimicking ADL mostly

n weight-bearing positions) has shown better results, but
he improvement has presented a plateau at 3 to 6 months
12,13]. Importantly, proprioception training demonstrated
fficacy for balance performance in patients with OA of
he knee [14,15]. Sensori-motor training has been found
o improve proprioception, strength, and postural stability
n lower extremity rehabilitation [3,15,16,20]. Balance and
roprioception training has been characterized as sensori-
otor training, first developed by Dr. Vladimir Janda, as

art of a treatment approach to chronic musculoskeletal pain
yndromes. Their role in rehabilitation is to challenge the
ensori-motor system and restore normal motor programs.

recent systematic review investigating the effect of phys-
cal exercise after TKR included some of the studies with
ensori-motor training [17]. The review showed that sensori-
otor training could serve as a novel clinically appropriate

ehabilitation refinement to traditional approaches in TKR
atients [17]. Nevertheless, its dose-response characteristics,
requency and intensity/numbers of exercises have not been
larified.

A special form of therapeutic exercise designed to address,
ot only isolated strengthening of a group of muscles, but
lso enhances central nervous system (CNS). For example,
unction of the CNS in regulating movement in order to
each proper firing patterns for maintaining joint stability
s characterized as sensori-motor training [18,19]. Sensori-

otor training is thought to stimulate afferent information
f joint sensors and therefore influence muscle activity and
euromuscular control scheme [18]. It is often used for the
anagement of patients with chronic musculoskeletal pain

yndromes and sports injuries [3,20,21]. Components of bal-
nce and proprioception usually include closed kinetic chain
xercise aiming to challenge balance and knee stability such
s retro-walking, side-walking, overcoming obstacles, exer-
ise on wobble boards and generally weight-bearing tasks
3,21].

From the analysis of the available literature, it was
vident that important questions, such as components of
ensori-motor training added to the usual functional phys-
otherapy regime, timing of initiation, intensity/numbers of
xercises and parameters influencing effectiveness, remained
nanswered. The aim of the current systematic review
as to analyze all published randomized controlled trials

RCTs) that have included sensori-motor components in TKR
atients’ physiotherapy rehabilitation program in order to
ssess the effect on physical function, performance tasks,
ain relief and balance status. Moreover, potential answers in
he aforementioned questions, such as the timing of when to
est initiate such a program during the rehabilitation period,
s well as the optimal frequency/number of balance exer-
ises to be added to usual physiotherapy programs, was

valuated.
py 102 (2016) 136–144 137

ethods

earch strategy

The electronic databases: the Cochrane Central Regis-
er of Controlled Trials (Cochrane Library), MEDLINE,
MBASE (via ProQuest), Biomed Central, Cinahl (via
BSCO host) and Physiotherapy Evidence Database (PEDro)
ere searched from 1995 to December 2014. The MEDLINE
esh search strategy adopted for the study is displayed in
ppendix I. Randomized controlled trials were only included

f published in the English language. The reference lists of
ll eligible papers were also screened to identify any missing
tudies.

ligibility criteria

Eligibility assessment was performed independently in a
tandardized manner and disagreements amongst reviewers
ere resolved by consensus. Therefore studies were included

f they fulfilled the following five criteria:

. Participants underwent primary TKR.

. An exercise-based intervention incorporating sensori-
motor components was involved compared or not with
another therapeutic intervention, placebo or control.

. Balance and/or functional performance was/were used as
outcome measure/s.

. Study design was a randomized design [22]

. The full paper was published in the English language.

All cadaver or animal studies were excluded. Moreover,
tudies with samples involving patients with rheumatoid
rthritis (RA) were excluded.

tudy identification

Two evaluators independently selected the studies based
n titles and abstracts, excluding those not related to the
ubject. The full text was obtained for all papers that were
onsidered potentially relevant. Once collected, these were
eviewed by both reviewers to determine if eligibility crite-
ia were fulfilled. The studies finally included were analyzed
ccording to a certain structure: author/year, sample, study
esign, assessment outcome measures, timeline, physiother-
py treatment, equipment and effects. Each reviewer assessed
he methodological quality of the included studies indepen-
ently using the PEDro criteria [23].

ritical appraisal
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ata analysis

In the first stage, the analysis involved a critical appraisal
rocess of the studies according to the PEDro scale deter-
ining the methodological quality of the included studies

Table 1).
In the next stage, a descriptive review of studies incor-

orating a physiotherapy program with components of
ensori-motor training in patients after TKR, was undertaken
Table 2).

All data extracted from the studies were analyzed indepen-
ently by two reviewers (MM and RP) and were subsequently
iscussed. Disagreements were resolved by a third reviewer
NG).

esults

A total of 276 citations were identified from the search
trategy, summarized in Fig. 1. In the initial search, 237 stud-
es were excluded because the title, abstract or keywords did
ot match the proposed theme. Of the 39 that remained, nine
ere excluded due to the non-English language used, sam-
le comorbidities such as RA and cadaver samples. Twenty
tudies were excluded as they had assessed balance and falls
ollowing a conventional physiotherapy program, but without
ncorporating sensori-motor training. Therefore six studies
five randomized controlled trials – RCTs – and one cohort
tudy) were deemed eligible and were finally included in the
eview [23–30]. The results of the critical appraisal according
o PEDro scale are presented in Table 1.

The quality of the studies was assessed in a first stage as
lthough all studies satisfied a similar number of criteria for
nclusion, their methodologies varied substantially.

ritical appraisal of studies’ methodological quality

Table 2 presents critical appraisal of all studies (PEDro),
xcept for the non-RCT study by Gauchard et al. [30]. All
tudies offered adequate robustness in methodology (PEDro:
to 7) with clearly defined research questions, population’

haracteristics and methods of assessing balance.
All included studies provided clear sampling descriptions

numbers, age, gender and pathology), acceptable recruit-
ent methods and drop-out rates. A consistent limitation was

hat all, except for one study [29], had used experimental
esign sensitivity criteria to compute sample size’ require-
ents. The studies by Liao et al. [28] and Gstoettner et al.

26] provided statistically significant improvement between
roups in some of the outcome measures tested, without how-
ver, reporting effect sizes. The study by Piva et al. [27] was
abeled as ‘pilot’, but lacked a significant treatment effect

r had been underpowered. Similarly, the study by Fung
t al. [25] offered high rates of retention of null-hypotheses
inflated type-II error).

o
N
t

py 102 (2016) 136–144

articipants

Patients had primary OA (grade III–IV, Kellgren and
awrence system) and fulfilled criteria to undergo TKR

same prosthesis; cemented; cruciate retention). The six
tudies included 409 subjects (269 randomized allocated to
ntervention; 140 to control group).

utcome measures

All studies used validated measures [24] to assess balance
espite the absence of ‘gold standard’ criteria. Parame-
ers used were static or dynamic balance during either
ingle or double leg stance, or during a functional task.
atient-reported outcomes including Activity-specific Bal-
nce Confidence Scale (ABCS) were used [25]. Sophisticated
quipment (force plates; balance-platforms [Biodex stability
ystem]) measuring postural sway, center of mass (COM)
ransference, bilateral dynamic stance [26], or center of
ressure (COP), assessments of gait speed and function
WOMAC, Knee Society Score (KSS), Lower Extremity
unctional Scale (LEFS), SF-36] [25–29], clinical functional
utcomes Timed Up and Go test (TUG), functional reach test,
ingle leg standing balance (SLSB), stair climb test [27,28],
nd dual platform posturography [30], were used.

ensori-motor interventions

Piva et al. and Liao et al. [27,28], implemented con-
eptually similar protocols of functional exercise training,
hich had previously been tested for their effectiveness

16] in enhancing sensori-motor training [4,31,32]. Protocols
nvolved 6- and 8-weeks’ supervised programs. However,
iao et al.’s study [28] also entailed a subsequent 4-month
ome program. These two studies [27,28] as well as the
tudy of Gstoettner et al. [26] focused on balance exer-
ise training involving agility and perturbation techniques
side walking, cross-over steps, single leg standing). Other
tudies have used relevant balance exercise in an aquatic
nvironment using float cuffs [29] or Nintendo Wii-fit game
latform-based exercises to engage lateral weight shifting,
ultidirectional balance and static/dynamic postural control

24], using full weight-bearing functional and proprioception
xercises, mimicking ADL [26–28,30].

iming of initiation

Some studies have started implementing the sensori-motor
raining at least 2-months postoperatively, in order to ensure
ain and effusion elimination [29,31,32], others incorporated
ensori-motor elements within days of surgery using land

r aquatics programs [33,34] or even, preoperatively [30].
otably, all pre and postsurgery TKR interventions were

olerated well by patients, with no adverse effects reported.
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Table 1
Description of studies including Sensori-motor training in TKR patients.
Study Sample Age Intervention Dose Intensity

progression
Setting Start of

program
End of
program

Main outcome
measures

Final follow-up Results Treatment effect

Fung et al.
2012 [25]

IG n = 27 (19F); CG
n = 23 (14F)

68 IG: Strengthening
exercise + Wii-Fit balance
challenging; CG:
Strengthening,
posture-balance exercise

60 minutes +
15 minutes Wii fit
frequency/duration
(weeks) NS

Exercise
progressed

Outpatient
clinic-supervised

Average 37
days after
surgery

Average 54
days after
surgery

Active ROM;
2MWT; NPRS;
LEFS; ABCS;
LOR

Average 54 days
after surgery

Significant difference only for
LEFS between groups favoring
IG

Medium ES for LEFS

Gauchard
et al. 2010
[30]

IG n = 20 (16F); TKR1
posturography at 17 to
20 days post-op; TKR2
posturography at 34 to
41 days post-op. CG
n = 10 (8F) healthy

IG: 70;
CG: 68

IG: Passive/active
mobilization, quadriceps
exercise + proprioceptive gait
and functional exercise; CG:
no PT

34 to 41days
frequency/dose NS

NS Inpatient
clinic-supervised

1st post-op
day.

34 to
41days

Static and
dynamic
posturography,
SOT

34 to 41 days TKR1 IG statistically significant
lower static balance
performance at 17-20days
compared to CG; Similar
dynamic, not static balance IG
TKR2 to CG, at 34 to 41 days

NS

Gstoettner
et al. 2010
[26]

IG n = 18 (16F); CG
n = 20 (14F)

IG: 73;
CG: 67

IG: Proprioceptive training
and walking, stretching; CG:
NS

Daily for 45 minutes
(15 minutes
standard + 30 minutes
proprioceptive)

Exercise
progressed

Home-based
program;
supervised once
a week at clinic

6 weeks
pre-op

At time of
TKR

Balance
(bilateral stance),
Gait Speed
Timed Stair test,
WOMAC, KSS

6 weeks after
surgery

Stat significant difference in
balance in TG, no difference in
CG. Stat significant difference
between groups favoring TG

Small

Liao et al.
2013 [28]

IG n = 58 (46F); CG
n = 55 (37F)

IG: 73;
CG: 71

IG: Functional + balance
training; CG: Functional
training

90 minutes (30 minutes
functional + 60 minutes
balance; frequency NS

Exercise
progressed

Outpatient
clinic-supervised

At least 2
months after
surgery

8 weeks FRT; SLST;
10MW; TUG, 30
SCR, WOMAC

8 weeks after
start program

IG more significant effects on
physical performance and
WOMAC than CG

IG better 20% SLST;
18% gait speed; 13%
WOMAC; 31% FRT;
9% TUG than CG

Liebs et al.
2012 [29]

IG n = 66; CG n = 69 IG: 68.5;
CG: 70.9

IG: early aquatic therapy;
CG: late aquatic ther. Aquatic
(proprioception, coordination,
strengthening) + PT program

3/week for 30 minutes
balance + daily PT

NS Clinic-based
supervised

IG: 6th
Post-op day;
CG: 14th
Post-op day

Up to 5
weeks

WOMAC; SF-36 24 months Mean outcomes better in the
TG. Not statistically significant.
Clinical significant WOMAC
24m- 6.9 units (with a
MICD = 5.3)

ES = 0.2 to 0.3 in
WOMAC

Piva et al.
2010 [27]

IG n = 18 (13F); CG
n = 17 (12F)

IG: 70;
CG: 67

IG: Functional + balance
training; CG: Functional
training

12 sessions of
90 minutes (30 minutes
functional, 60 minutes
balance) + home based
program for 4months
(2/week)

Exercise
progressed

Clinic-based
supervised

2 to 4
months after
surgery

6 weeks
after start
program

Gait speed;
SLST, 10MWT;
TUG, 30SCRT,
WOMAC, LEFS

6 months Clinically significant effects in
gait speed, SLST, WOMAC
stiffness and pain favoring IG

IG: 8% gait speed,
24% SLST

CG, control group; IG, intervention group; TKR, total knee replacement; NS, not stated.
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Table 2
Description of studies including Sensori-motor training in TKR patients.

Study Sample Age Intervention Dose Intensity
progression

Setting Start of program End of
program

Main outcome
measures

Final follow-up Results Treatment effect

Fung et al.
2012 [25]

IG n = 27 (19F);
CG n = 23 (14F)

68 I 60
minutes + 15 minutes
Wii fit
frequency/duration
(weeks) NS

Exercise
progressed

Outpatient
clinic-supervised

Average 37 days
after surgery

Average 54
days after
surgery

Active ROM; 2
MWT; NPRS;
LEFS; ABCS;
LOR

Average 54 days
after surgery

Significant
difference only
for LEFS
between groups
favoring IG

Medium ES for
LEFS

Gauchard
et al. 2010
[30]

IG n = 20 (16F);
TKR1

posturography at
17 to 20 days
post-op; TKR2

posturography at
34 to 41 days
post-op. CG
n = 10 (8F)
healthy

IG: 70;
CG: 68

IG: Passive/active
mobilization,
quadriceps exer-
cise + proprioceptive
gait and functional
exercise; CG: no PT

34 to 41 days
frequency/dose NS

NS Inpatient
clinic-supervised

1st post-op day. 34-41days Static and
dynamic
posturography,
SOT

34 to 41 days TKR1 IG
statistically
significant lower
static balance
performance at
17 to 20days
compared to CG;
Similar
dynamic, not
static balance IG
TKR2 to CG, at
34 to 41 days.

NS

Gstoettner
et al. 2010
[26]

IG n = 18 (16F);
CG n = 20 (14F)

IG: 73;
CG: 67

IG: Proprioceptive
training and walking,
stretching; CG: NS

Daily for 45 minutes
(15 minutes
standard + 30 minutes
proprioceptive)

Exercise
progressed

Home-based
program;
supervised once
a week at clinic

6weeks pre-op At time of
TKR

Balance
(bilateral
stance), Gait
Speed Timed
Stair test,
WOMAC, KSS

6 weeks after
surgery

Stat significant
difference in
balance in TG,
no difference in
CG. Stat
significant
difference
between groups
favoring TG

Small

Liao et al.
2013 [28]

IG n = 58 (46F);
CG n = 55 (37F)

IG: 73;
CG: 71

IG:
Functional + balance
training; CG:
Functional training

90 minutes (30 minutes
Func-
tional + 60 minutes
balance; Frequency NS

Exercise
progressed

Outpatient
clinic-supervised

At least 2
months after
surgery

8 weeks FRT; SLST;
10MW; TUG, 30
SCR, WOMAC

8 weeks after
start program

IG more
significant
effects on
physical
performance and
WOMAC than
CG

IG better 20%
SLST; 18% gait
speed; 13%
WOMAC; 31%
FRT; 9% TUG
than CG

Liebs et al.
2012 [29]

IG n = 66; CG
n = 69

IG:
68.5;
CG:
70.9

IG: early aquatic
therapy; CG: late
aquatic ther. Aquatic
(proprioception,
coordination,
strengthening) + PT
program

3/week for 30 minutes
balance + daily PT

NS Clinic-based
supervised

IG: 6th Post-op
day; CG: 14th
post-op day

Up to 5
weeks

WOMAC; SF-36 24 months Mean outcomes
better in the TG.
Not statistically
significant.
Clinical
significant
WOMAC 24m-
6.9 units (with a
MICD = 5.3)

ES = 0.2 to 0.3 in
WOMAC

Piva et al.
2010 [27]

IG n = 18 (13F);
CG n = 17 (12F)

IG: 70;
CG: 67

IG:
Functional + balance
training; CG:
Functional training

12 sessions of
90 minutes (30 minutes
functional, 60 minutes
balance) + home based
program for 4 months
(2/week)

Exercise
progressed

Clinic-based
supervised

2 to 4 months
after surgery

6 weeks after
start program

Gait speed;
SLST, 10 MWT;
TUG, 30 SCRT,
WOMAC, LEFS

6 months Clinically
significant
effects in gait
speed, SLST,
WOMAC
stiffness and
pain favoring IG

IG: 8% gait
speed, 24%
SLST

CG, control group; IG, intervention group; TKR, total knee replacement; NS, not stated.
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olume–duration of exercise

In the previously described studies by Piva et al. [27] and
iao et al. [28] that had shared a common format of delivery,

he volume of exercise implemented in control and inter-
ention groups was not equal, with the intervention group
eceiving 30 minutes more training in each session. By con-
rast, the study by Fung et al. [25] was iso-volumetric across
roups but did not report the frequency of sessions under-
aken by each group. Non iso-volumetric conditioning was
oted in the study by Gstoettner et al. [27], in which the
ntervention group’s training consisted of a 6-week, 6-session
rehabilitation program (45 minutes session duration), which
ad not been matched with the program of the control group.
imilarly, the study by Liebs et al. [29] reported earlier

nitiation (by several days) of post-TKR sensori-motor con-
itioning for the intervention group, compared to controls
6th vs 14th post-operative day). The time-line of each of the
ncluded studies, in terms of baseline measurement, interven-
ion period and follow-up are presented in Fig. 2.

In the previously described studies by Piva et al. [27] and
iao et al. [28] that had shared a common format of delivery,

he volume of exercise implemented in control and inter-
ention groups was not equal, with the intervention group
eceiving 30 minutes more training in each session. By con-
rast, the study by Fung et al. [25] was iso-volumetric across
roups but did not report the frequency of sessions under-
aken by each group. Non iso-volumetric conditioning was
oted in the study by Gstoettner et al. [27], in which the
ntervention group’s training consisted of a 6-week, 6-session
rehabilitation program (45 minutes session duration), which
ad not been matched with the program of the control group.
imilarly, the study by Liebs et al. [29] reported earlier

nitiation (by several days) of post-TKR sensori-motor con-
itioning for the intervention group, compared to controls
6th vs 14th post-operative day). The time-line of each of the
ncluded studies, in terms of baseline measurement, interven-
ion period and follow-up are presented in Fig. 2.

rogression

Criteria for patients’ progression (via re-assessment) were
ot detailed within the manuscripts. Progression for patients
n the study by Fung et al. [25], that implemented sensori-

otor training with the Wii-Fit, had been regulated according
o similar exercises already performed successfully in physio-
herapy treatment [25], without experiencing increased pain,
ffusion, giving away and decreases in ROM [23], or by
linical review of their capabilities [22]. In several studies
28–30], no progression was reported throughout the reha-
ilitation period.
ollow-up

Most of the studies followed-up patients for 2 to 6 months
fter surgery [25–28,30], apart from the study by Liebs et al.

m
t
w
t

py 102 (2016) 136–144 141

29] that had followed-up patients for up to 2-years post-
peratively.

ffects on pain and function

The study by Liebs et al. [29], showed that early compared
o late initiation (6th vs 14th postoperative day) of aquatic
ensori-motor training led to superior improvements in func-
ion and quality of life (mean scores in WOMAC at 2-year
ollow-up; and although these results were not statistically
ignificant, they exceeded minimal clinical important criteria
or WOMAC across publications. Liao et al. [28] showed sta-
istically significant change in scores (between 36 and 50%
n WOMAC and functional tests such as TUG, stair-climb
est, functional reach test) for an 8-week program (n = 113)
f the group with the additional balance exercises to func-
ional training compared to functional training group alone.
ver a shorter intervention (6-weeks), Piva et al. [26] in a

tudy using the same intervention groups as the study by Liao
t al. [28], yielded no statistical change in scores (n = 43).
imilarly, Gstoettner et al. [26] showed no across group (pro-
rioception training vs control group) differences on function
WOMAC and KSS) after prehabilitation but improvement
cross groups was shown after TKR. Fung et al. [25] showed
quivalent improvement in pain and functional performance
Numeric Pain Rating Scale and LEFS) between the usual
are group and the group with the additional Wii-Fit training
-months after TKR.

ffects on balance

Augmentation with balance exercises elicited approxi-
ately 25% postsurgery improvements in SLSB compared

o baseline [27,28], 15% gains in patients’ balance confi-
ence compared to controls [25], and statistically significant
P = 0.045) postsurgery gains in bipedal stance performance
ith prehabilitation compared to controls [26]. Posturo-
raphic testing in the study by Gauchard et al. [30] showed
mprovements (P = 0.07) similar to that of age-matched con-
rols. In the open-eyes’ condition of the dynamic tests s,
lthough improvement did not reach statistical significance
P = 0.07), it was clearly more than that of controls, at 6-
eeks post-TKR [30].

iscussion

Functionally intensive rehabilitation programs have
licited enhanced physical performance outcomes post-TKR
12,13], but deficits in movement control and balance remain
7–15]. In order to address these deficits exercise pro-
rams that include activities that challenge knee stability

ay be more appropriate [20,21]. Functional rehabilita-

ion augmented by targeted sensori-motor conditioning (i.e.
eight-bearing exercises involving twisting, changing direc-

ion, sudden start-stops, negotiation of unstable surfaces and
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bstacle) could potentially address these deficits and offer
mproved physical activity, postural control and prevent falls.
mproving postural control and lowering falls-related injuries
ill reduce health-care costs. However, there is no avail-

ble information on the costs associated with sensori-motor
rogram replication or the cost-effectiveness of exercise pro-
rams aimed ta preventing falls in TKR patients. Results from
his systematic review suggest that sensori-motor training
nduces equivalent improvement between intervention and
ontrol group [25,27], indicating that sensori-motor training
s an acceptable adjunct to usual care in physiotherapy. The
tudies by Liao et al. [28] and Gstoettner et al. [26] favored
ensori-motor training; both studies showed a greater effect
f additional sensori-motor training on the usual care on these
ersisting deficits, bridging a potential gap in rehabilitation
rograms. Moreover, studies report sensori-motor condition-
ng interventions as a therapeutic means which is entertaining
or patients [29], is independent of specialized equipment
e.g. Wii fit) and environment (e.g. land or water-based),
as the capability of producing movements with less energy
xpenditure [6,32] and importantly, offers no adverse effects
o patients in any study reviewed. Moreover, the inclusion
f dynamic stabilization exercises and eyes-closed exercises
as highlighted as important [30].
Exact mechanisms underpinning how TKR impacts on

echanoreceptors remains elusive. The reviewed studies
uggested mild improvements in balance following TKR
26,28,30]. These kinds of additional sensori-motor interven-
ions activate proprioceptors in the ankle and hip joint, as well
s proprioceptors in muscular, tendon and ligament tissues
e.g. posterior cruciate ligament) at the knee, since articu-
ar proprioceptors have been resected during TKR. These
mprovements may also result from retensioned capsuloliga-

ent structures (e.g. collateral ligaments), reduced pain and
nflammation in the knee joint following the surgery [29].

oreover, gradual functional and sensori-motor training
fter TKR induces restoration to intra-sensory proprioceptive
ompensation either at knee or other joints (hip/ankle) [30].
herefore, corrective compensatory strategies regulate better
ostural control through neuroplasticity, involving improved
uscle activation synergies, movement patterns, joint torques

nd contact forces that are disturbed during OA degenera-
ion [30,34]. As a result, sensori-motor training potentially
nfluences central mechanisms and motor responses that pro-

ote physical function, and potentially sensory function and
tability [34,35].

Observation studies have showed that muscle coordina-
ion and proprioception is deficient even 6-months after
KR [10,11,36]. Two-month postsurgery period was con-
idered sufficient to avoid pain and effusion exacerbation
or the safe initiation of sensori-motor training [25,27,28],
nd to have provoked no adverse effects. Therefore, given

he clinically important results by the studies by Liebs, Piva
nd Liao [27–29], it can be understood that the initiation
f sensori-motor training within the first 2-months post-
urgery, is acceptable and essential. Thus, any compensatory

i
t
H
i

py 102 (2016) 136–144

rotective strategies in proprioceptive and gait control,
lready learned and established in patients with knee OA,
hat had been associated with the pathway leading to TKR
1,2,31], would be eliminated. However, studies that had
nitiated programs early (6th day post-TKR) vs late (14th
ay) offered marginal patient-reported gains (WOMAC,
edium effect size [29,30]. Interestingly, total hip replace-
ent patients showed that early vs late training can give

pposite outcomes compared to TKR patients, suggesting
urgery-specific mechanisms of recovery [29]. The study by
auchard et al. [30] investigated recovery of posturo-motor

trategies post-TKR at two stages: firstly, after the elimination
f pain and secondly, after a 6-week enhanced sensori-motor
ehabilitation program (started within a few days after TKR),
lso showed that postural regulation (posturography analysis)
equired approximately 1-month to reach that of age-matched
ontrols. Thus, a safe time for clinicians to initiate sensori-
otor training seems to be within 2 weeks from TKR.
Regarding duration of the sensori-motor rehabilitation,

ost of the studies reviewed had implemented 6 to 8 week
rograms of supervised exercise (>1 session/week; 45 to
0 minutes). Nevertheless, optimal frequency, time and pro-
ression of dosage remain elusive due to methodological
eterogeneity. Intervention groups in all studies offered
mproved functional and balance outcomes compared to con-
rols when functional rehabilitation had been augmented with
ensori-motor conditioning. No study had reflected an iso-
olumetric comparison (between usual care and usual care
nhanced with sensori-motor elements), hindering evaluation
f any possible advantages by sensori-motor conditioning.
ose–response effects may therefore have been implicated

n any gains that had been observed.
It was notable that patient-reported outcome measures

e.g. LEFS, ABCS, WOMAC) could not always detect the
hanges identified by objective functional and balance meas-
res, such as TUG test and SLSB, known for their good
linimetric responsiveness and prognostic validity of falls-
ikelihood [25,27].

Underpinning the points for discussion in this review, was
vidence from RCTs (except one [30]), offering Level Ia
obustness (PEDro scale 5 to 7), sound methodologies and
inimal patient’ numbers lost-to-follow-up.

imitations

This review has identified six studies investigating the
ffects of sensori-motor training when these are added to the
hysiotherapy regime post-TKR surgery. PEDro scoring sug-
ested adequate robustness of methodological approaches in
he five studies that were scored. Nevertheless, the exper-
mental design of most studies was underpowered and
ad shunned iso-volumetric comparisons, precluding robust

nterpretation of the contribution of balance and propriocep-
ion conditioning, and also the generalization of outcomes.
eterogeneity of outcome measures, timing of condition-

ng initiation, and intensity/frequency of exercise, precluded
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eta-analytical approaches for the synthesis of evidence.
herefore, this systematic review offered novel qualitative
ata on the effect of sensori-motor training and speculation
n its optimal implementation. The inclusion of only English
anguage studies might have introduced bias, while the exclu-
ion of patients (from the sample) with co-morbidities such
s rheumatoid arthritis, limited the generalization of find-
ngs. All studies in this review offered critical discussion
f findings, description of potential clinical impact, and
ontextualization within contemporary literature. However,
lthough the sample recruitment and selection was accept-
ble, generalization of findings should be made with caution,
nd was only feasible in patients with knee OA undergoing
rimary TKR.

onclusion

The review’s findings provide encouraging qualitative data
n the incorporation of sensori-motor training into the usual
unctional physiotherapy programs. This approach offers an
cceptable and targeted intervention in improving functional
erformance and balance in patients after TKR. Sensori-
otor training implemented for 6 to 8 weeks and initiated

wo weeks post-TKR, may be effective and tolerated well by
atients, with no fear of adverse effects in physical function.
owever, a lack of acceptable effect size in some studies,

ombined with underpowered experimental designs, sug-
ested both the possibility of either a lack of potency of
ntervention or a compromised capability to detect subtle
ains that might have been offered by the intervention. Both
spects threaten what might be generalized from the findings
n this population. Optimal intensity/frequency of exercise
nd criteria of progression warrant further investigation.
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