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Abstract
Background Several studies have examined the effects of balance training in elderly individuals following total knee arthro-
plasty (TKA), although findings appear to be equivocal.
Objectives This systematic review and meta-analysis examined the effects of balance training on walking capacity, balance-
specific performance and other functional outcome measures in elderly individuals following TKA.
Methods Data sources: Pubmed, PEDro, Cinahl, SportDiscus, Scopus. Eligibility criteria: Data were aggregated following the 
population-intervention-comparison-outcome (PICO) principles. Eligibility criteria included: (1) randomised controlled trials; 
(2) studies with comparative groups; (3) training interventions were incorporated post-TKA; and (4) outcome measures included 
walking capacity, balance-specific performance measures, subjective measures of physical function and pain and knee range-of-
motion. Participants: Elderly individuals (65 + years) who underwent total knee arthroplasty. Interventions: Balance interven-
tions that consisted of balance exercises, which were compared to control interventions that did not involve balance exercises, 
or to a lesser extent. Participants also undertook usual physiotherapy care in conjunction with either the balance and/or control 
intervention. The intervention duration ranged from 4 to 32 weeks with outcome measures reported immediately following the 
intervention. Of these, four studies also reported follow-up measures ranging from 6 to 12 months post-interventions. Study 
appraisal: PEDro scale.
Synthesis methods Quantitative analysis was conducted by generating forest plots to report on standardised mean differences 
(SMD; i.e. effect size), test statistics for statistical significance (i.e. Z values) and inter-trial heterogeneity by inspecting I2. 
A meta-regression was also conducted to determine whether training duration predicted the magnitude of SMD.
Results Balance training exhibited significantly greater improvement in walking capacity (SMD = 0.57; Z = 6.30; P < 0.001; 
I2 = 35%), balance-specific performance measures (SMD = 1.19; Z = 7.33; P < 0.001; I2 = 0%) and subjective measures of 
physical function (SMD = 0.46; Z = 4.19; P < 0.001; I2 = 0%) compared to conventional training immediately post-intervention. 
However, there were no differences in subjective measures of pain (SMD = 0.77; Z = 1.63; P > 0.05; I2 = 95%) and knee range-
of-motion (SMD = 0.05; Z = 0.39; P > 0.05; I2 = 1%) between interventions. At the 6- to 12-month follow-up period, improve-
ment in combined measures of walking capacity and balance performance (SMD = 041; Z = 3.55; P < 0.001; I2 = 0%) were sig-
nificantly greater for balance training compared to conventional training, although no differences were observed for subjective 
measures of physical function and pain (SMD = 0.26; Z = 2.09; P > 0.05; I2 = 0%). Finally, the training duration significantly 
predicted subjective measures of pain and physical function (r2 = 0.85; standardised β = 0.92; P < 0.001), although this was 
not observed for walking capacity and balance-specific performance measures (r2 = 0.02; standardised β = 0.13; P = 0.48).
Limitations A number of outcome measures indicated high inter-trial heterogeneity and only articles published in English 
were included.

Electronic supplementary material The online version of this 
article (https ://doi.org/10.1007/s4027 9-018-0964-7) contains 
supplementary material, which is available to authorized users.

Extended author information available on the last page of the article

http://orcid.org/0000-0002-8903-0067
http://crossmark.crossref.org/dialog/?doi=10.1007/s40279-018-0964-7&domain=pdf
https://doi.org/10.1007/s40279-018-0964-7


2368 K. Doma et al.

Conclusion Balance training improved walking capacity, balance-specific performance and functional outcome measures for 
elderly individuals following TKA. These findings may improve clinical decision-making for appropriate post-TKA exercise 
prescription to minimise falls risks and optimise physical function.

Key Points 

Knee osteoarthritis is the most common orthopaedic 
condition in developed countries and is the leading cause 
of functional impairment in the elderly population.

Whilst elderly individuals typically undergo total knee 
arthroplasty to treat knee osteoarthritis, they are still at 
an increased risk of impaired physical function and fall 
compared to their healthy age-matched counterparts.

Greater improvements in walking capacity and balance-
specific performance measures are observed following 
rehabilitation programmes that have a greater emphasis 
on balance training when compared to conventional 
methods of rehabilitation.

Balance training improves subjective measures of physi-
cal function and range-of-motion to a greater extent than 
conventional methods of rehabilitation.

At 6- to 12-month follow-up, greater improvements are 
shown following balance training compared to conven-
tional rehabilitation for combined measures of walking 
capacity and balance-specific performance measures.

1 Introduction

Knee osteoarthritis is the most common type of arthritis 
and the leading cause of functional impairment among 
older adults in the developed world [1]. The common treat-
ment of this condition is total knee arthroplasty (TKA) to 
reduce pain and stiffness, increase joint range of motion and 
improve overall physical function [2]. However, individuals 
following TKA experience greater postural sway, possibly 
due to reduced muscular strength and proprioception [3]. 
For example, it was reported that patients following TKA 
exhibited an average 80% more centre of pressure velocity 
in anteroposterior and lateral sway compared to controls [4]. 
Such physical limitations render difficulty in undertaking 
activities of daily living, compromise walking capacity and 
increase the risks of falls in patients following TKA com-
pared to their healthy, age-matched counterparts [5]. Fur-
thermore, falling in older individuals following TKA may 
result in fear and avoidance of movement, serious injuries or 
even mortality [6] and places considerable financial burden 
on the healthcare system [7]. Subsequently, interventions 
that minimise the risks of fall by improving walking capacity 

and balance are crucial determinants of post-TKA rehabilita-
tion success.

Traditionally, post-TKA interventions consisted of more 
conventional exercises (e.g. range-of-motion, stretching, 
strengthening and endurance exercises). These interventions 
have shown minimal benefits in terms of pain and function 
[8–10]. However, recent studies have incorporated exercises 
that challenged the sensory systems for balance and have 
shown to improve balance-specific outcomes (e.g. walk-
ing capacity, single-leg stance time) [11–14]. These studies 
compared groups that completed several weeks of balance 
exercises (BLN group) against a control (CON) group that 
undertook exercises with no particular emphasis on training 
the sensory systems for balance following TKA [11–16]. 
Other studies have incorporated balance exercises in both 
BLN and CON groups, but with the BLN group having 
greater emphasis on training the balance sensory systems 
by incorporating a greater range of balance exercises [17, 
18], or with greater volume of balance training [19]. Over-
all, the results demonstrate that post-TKA rehabilitation 
programmes consisting of balance exercises, or those with 
greater emphasis on training the balance sensory systems, 
improve balance-specific outcomes. Whilst these findings 
have important clinical implications for developing effective 
post-TKA rehabilitation programmes, there were substantial 
discrepancies in the methodological design, making global 
interpretations difficult. The major disparity in the methodo-
logical design identified included the type of outcome meas-
ures, statistical design and the timing of assessments relative 
to the duration of training intervention. Subsequently, a sys-
tematic exploration of the literature is warranted to address 
differences in the methodological approach used by previous 
studies to investigate the benefits of balance training follow-
ing TKA.

A recent systematic review [20] investigated the effect 
of balance training on balance performance measures in 
individuals following TKA. The results demonstrated that 
a range of rehabilitation protocols were utilised to improve 
proprioception, postural control, balance and coordina-
tion, with reports qualitatively indicating improvement in 
functional ability and balance when compared to controls. 
Whilst these findings may provide insight on the usability of 
balance training for individuals post-TKA, the results were 
not examined via meta-analytical methods, which neither 
enables statistical comparisons nor critically evaluates com-
parable studies with limited interpretation of quantitative 
data. Furthermore, given that studies that have incorporated 
balance training prior to TKA with those following TKA 
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were combined [20], it is difficult to ascertain, with confi-
dence, whether balance training is beneficial specifically for 
post-TKA rehabilitation. The purpose of the current review 
was therefore twofold. First, to systematically and critically 
evaluate studies that have examined balance training during 
post-TKA rehabilitation. Second, to determine whether post-
TKA balance training improves walking capacity, balance-
specific performance and other functional outcome measures 
compared to programmes with exercises with no balance 
exercises, or those with a lesser emphasis on balance exer-
cises in patients following TKA.

2  Methods

The methodology and reporting of data in this systematic 
review and meta-analysis were conducted in accordance 
with the PRISMA guidelines [21] and followed a population, 
intervention/exposure, comparison and outcome (PICO) 
approach.

2.1  Inclusion/Exclusion Criteria

Studies were considered eligible and included into this 
review that met the following PICO criteria:

1. Population Elderly individuals (65 + years) who had 
undergone TKA due to osteoarthritis.

2. Intervention or exposure Randomised controlled trials 
(RCTs) and pilot RCTs examining the effect of balance 
training implemented following TKA. Training interven-
tions were considered to include balance exercises based 
on description from included studies, or when referred 
to training interventions as “sensori-motor training” as 
described by Taube et al. [22]. When such classification 
was not given by authors, then these were defined as 
“balance exercises” as they appeared to challenge the 
primary sensory systems for balance (i.e. visual, ves-
tibule and/or prioprioceptive) [23], or to restore neu-
romuscular function and motor efficiency, as explained 
by Taube et al. [22]. In addition, the balance training 
interventions were either classified as static/dynamic 
steady-state (maintaining steady position during stand-
ing or walking), proactive balance (anticipating a pre-
determined perturbation) and/or reactive balance (re-
establishing balance from an unpredicted perturbation), 
depending on the nature of the exercises.

3. Comparison Groups were compared between those that 
undertook balance training in conjunction with conven-
tional rehabilitative training versus those that completed 
conventional rehabilitative training only, or groups were 
compared between those that undertook balance training 

only versus those that completed conventional rehabili-
tative training only.

4. Outcomes Outcome measures included balance-specific 
performance measures, walking capacity measures, agil-
ity performance, muscular function and/or subjective 
measures of physical function and pain (further descrip-
tion on outcome measures are outlined under Outcome 
Measures, Sect. 2.2 below).

Studies were excluded if: (1) no comparative group was 
incorporated; (2) they combined patients with various ortho-
paedic procedures, such as TKA and total hip arthroplasty; 
(3) exercises were included as pre-surgical interventions; (4) 
they were published in a non-English language; and (5) they 
were reported as abstracts, reviews or case reports.

2.2  Outcome Measures

The primary outcome measures for the current review were 
walking capacity and balance-specific performance meas-
ures as these parameters have been reported as strong predic-
tors for future falls [24] and are commonly utilised to assess 
falls risks amongst the elderly population [25]. Measures of 
walking capacity may include protocols with walking time-
trial of a given distance (e.g. 6-min walk test, timed up-and-
go [TUG] test) and/or gait speed by dividing the distance 
by the time taken to completion. Balance-specific perfor-
mance measures may consist of assessments that measure 
stance time (e.g. single-leg stance or standing on unstable 
surfaces), chair sit-to-stand (CSTS) time and/or standing 
reach distance. These balance-specific protocols have been 
identified as effective falls risk screening instruments in the 
elderly population (65 + years) [26–28]. Similar to the train-
ing intervention methods mentioned earlier, both walking 
capacity and balance-specific performance measures were 
either classified as static/dynamic steady-state, proactive bal-
ance and/or reactive balance. Knee range-of-motion (ROM) 
and subjective scores of physical function and pain level are 
commonly reported to assess the success of post-TKA reha-
bilitation and have been associated with balance ability [29]. 
The subjective measures of physical function are derived 
from questionnaires [e.g. Wester Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC) or the Knee 
Injury and Osteoarthritis Outcome Score (KOOS)] that 
determine the difficulty of undertaking activities of daily liv-
ing (e.g. ascending/descending stairs, picking objects from 
floors, going shopping, etc.). However, these measures were 
reported as secondary outcomes as these assessments are not 
typically administered specifically for falls risk, but rather 
for overall functional assessment [30]. Outcome measures 
were extracted from included studies when reported imme-
diately after the balance interventions and control interven-
tions and at 6- to 12-month follow-up.
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2.3  Search Strategy

A literature search was performed on 1 June 2018 across 
five major electronic data bases (Medline, Cinahl, PEDro, 
Scopus and SportDiscus) appropriate for rehabilitation and 
orthopaedics. A supplementary search was also conducted 
by screening the reference lists of included studies. For the 
Medline search, four groupings of mesh terms were utilised 
in combination: (1) humans; (2) orthopaedic condition 
(osteoarthritis, knee OR arthroplasty, replacement, knee 
OR knee/pathology OR knee/surgery OR knee/therapy); 
(3) Interventions (physical therapy modalities OR exer-
cise therapy); and (4) outcome measures (postural balance 
OR proprioception). Free text search was also conducted 
in Medline during the last year (January 2016-current) for 
studies that were ‘in press’, with the following: osteoarthrit* 
OR arthroplasty OR replacement) and (knee) and (exercise 
OR therapy OR vibration) and (postural OR balance OR 
propriocep*). Equivalent free text search was also conducted 
on Scopus during the last 10 years. For the Pedro search, the 
advanced function was used with the combination of the fol-
lowing text: arthrop*, replacement, fitness testing, lower leg 
or knee and clinical trial.

2.4  Selection Process

Two independent reviewers (AG and JM), with expert 
knowledge in orthopaedics and exercise, undertook the step-
wise computed literature search. Firstly, all abstracts that 
met the inclusion criteria were classified as either meeting 
the criteria (i.e. ‘yes’), possibly meeting the criteria (i.e. 
‘maybe’) or not meeting the criteria (i.e. ‘no’). Following 
screening of the abstract list, a random sample (40%) of 
these abstracts was examined to establish the inter-rater reli-
ability between both reviewers. According to the Weighted 
Kappa statistic, a value of 0.82 (95% confidence interval: 
0.75–0.89) was obtained, which was considered accept-
able for inter-rater reliability [31]. Upon completion of the 
abstract screening process, corresponding full text articles 
were retrieved and further screened based on the inclusion/
exclusion criteria.

2.5  Data Extraction, Quality Assessment and Risk 
of Bias

Following completion of full text screening, a customised 
form was utlilised to extract information regarding study 
design, participant details (e.g. age, height, weight, BMI, 
length of hospital stay, etc.), study aims, methodological 
design (e.g. intervention type, study duration, performance 
type, timing of performance assessment, etc.) and main find-
ings. The results of pre- and post-intervention values of each 
group [i.e. BLN group and CON group] were then entered 

into Excel as mean ± standard deviation. Patients were con-
sidered as part of the BLN group if they undertook exercises 
that challenged their primary sensory systems for balance 
(e.g. walking over obstacles, stair walking, step-ups, vibra-
tion platforms, etc.). Contrarily, CON groups consisted of 
patients who either did not complete balance exercises (e.g. 
range-of-motion exercises and resistance exercises whilst 
seated only), or undertook balance exercises but with a sub-
stantially lesser emphasis than the BLN group. The data 
on the methodological quality of each included study was 
screened using the PEDro scale and pooled into a table with 
overall scores reported as a median. This critical appraisal 
tool assesses internal validity of each trial [32]. The quality 
ratings were interpreted as follows: 9–11 (excellent); 6–8 
(good); 4–5 (fair); and < 4 (poor) [32]. Reporting bias was 
minimised by use of strict inclusion/exclusion criteria and 
acceptable agreement between reviewers during abstract 
screening and consensus of full-text screening. Publication 
bias was assessed via inspection of funnel plots generated 
from Reviewer Manager Software 5 (RevMan, Version 5.3, 
Copenhagen: The Nordic Cochrane Centre, 2014), which are 
simple scatter plots with the studies’ mean differences plot-
ted on the x-axis and standard error on the y-axis [33]. Par-
ticipant selection bias was inevitable in the current review 
given that participants following TKA were selectively 
included. However, this selection process was essential to 
align the conceptual approach to the purpose of the current 
review.

2.6  Statistical Methods

In the current systematic review, a meta-analysis was con-
ducted using Reviewer Manager Software 5. All data from 
included studies were reported as mean ± standard deviation, 
and central tendencies originally reported as standard errors 
or confidence intervals were converted to standard deviations 
[34]. The heterogeneity among samples of included studies 
was assessed based on I2 statistic tests in conjunction with 
level of statistical significance. For I2 interpretation, values 
of 25, 50 and 75% were classified as low, moderate and high, 
respectively, with inspection of associated P-values for level 
of statistical significance [35]. The comparison of training 
intervention effect between BLN and CON groups were 
analysed according to the post-intervention data, or where 
accessible, the rate of pre-post improvement (i.e. mean dif-
ferences or percentage change). Corresponding authors were 
also contacted where data were not available, and when 
retrieved, data were included into this review. Data pool-
ing of the outcome measures was completed and reported 
via forest plots using a random effects model to account 
for between-trial heterogeneity. The magnitude of between-
group differences (i.e. BLN vs. CON groups) was calculated 
based on standardised mean differences (i.e. effect size), 



2371Meta-Analysis of Balance Training Following Total Knee Arthroplasty

with values of 0.2, 0.5 and 0.8 classified as small, medium 
and large, respectively [36]. The overall effect of between-
group comparisons is reported as a Z-value derived from the 
forest plot, which is a test statistic resulting from the statisti-
cal test to determine the P value. The effect of the balance 
interventions was interpreted based on standardised mean 
differences and statistical significance between BLN and 
CON. All overall effect values were reported from the forest 
plot, although specific measures were reported separately if 
it involved three or more effect points. A sensitivity analy-
sis was also performed on the following outcomes: walking 
capacity, balance performance, range-of-motion and subjec-
tive measures of physical function and pain to determine 
the impact of study quality on the effects of balance exer-
cise interventions in patients following TKA. To determine 
the sensitivity of the measures, the primary meta-analysis 
was repeated, excluding studies that demonstrated a PEDro 
score of less than 8. Furthermore, a meta-regression was 
conducted to determine whether the effects of balance train-
ing on physical performance measures (i.e. walking capacity 
and balance-specific performance) and subjective measures 
(i.e. physical function and pain) were moderated by train-
ing duration reported in weeks using the Statistical Package 
of Social Sciences (SPSS, v25, IBM Corp., Armonk, NY, 
USA). If studies reported training duration as a range, the 
mid-point of this duration was utilised. For example, if a 
study reported a training duration of 6–8 weeks, then the 
predictor variable for this measure was included as 7 weeks. 
The alpha level was set at 0.05 for all analyses.

3  Results

3.1  Systematic Literature Search

A total of 4253 abstracts were screened following removal 
of abstracts (n = 412) based on the inclusion criteria from 
Medline, PEDro and Scopus databases (Fig. 1). After review 
of abstracts, 4148 abstracts were excluded, which resulted 
in 105 remaining full-text articles. Consequently, these full-
text articles were further screened with 12 original articles 
included for evaluation. All included studies consisted of a 
BLN training group and a CON training group.

3.2  Participants

Based on the 12 included studies, a total of 740 participants 
were analysed, of which 373 and 367 participants were 
included in the BLN and CON groups, respectively. The 
mean range for age and BMI of participants for the BLN 
group were between 64–75 years and 28.0–33.3 kg·m2, 
respectively, and between 66–73 years and 28.3–34.2 kg·m2, 
respectively, for the CON group, indicating that the physical 

characteristics were relatively evenly distributed between 
groups (Table  1). Furthermore, the majority of studies 
compared baseline outcome measures between BLN and 
CON groups. No significant between-group differences 
(P > 0.05) were observed in baseline measures, providing 
further support of homogeneity in all outcome measures for 
both groups.

3.3  Methodological Descriptions

With respect to the method of exercise implementation, 
five studies incorporated balance training intervention as 
an additional component of the rehabilitation programme 
for BLN groups with identical conventional rehabilitation 
programmes completed by both the BLN and CON groups 
[11, 15, 16, 18, 19] (Table 2). Conversely, seven studies 
incorporated training interventions for the CON group, 
which were separate to and were not undertaken by the 
BLN group [12–14, 17, 37–39]. Participants in each study 
also undertook usual physiotherapy care in conjunction with 
either the balance and/or control intervention. All included 
studies reported progression of exercise for both groups 
with training frequencies ranging from two sessions/week 
to three sessions/day, with longer durations (~ 60–90 min) 
typically having fewer training frequencies compared to 
those with shorter durations (~ 5–10 min). Most participants 
commenced their rehabilitation programme within 6 weeks 
following TKA, except for one study where the interven-
tion was initiated 32 weeks post-TKA [11]. All included 
studies reported outcome measures immediately following 
the balance and conventional interventions, and of these, 
four studies also reported follow-up measures ranging from 
6 to 12 months post-interventions. Amongst the studies 
that reported follow-up measures, two studies [13, 16] had 
patients continue with their rehabilitation programme under 
unsupervised conditions during the follow-up period, one 
study [37] reported that patients did not continue their reha-
bilitative activities (i.e. passive) and one study [12] did not 
report patient’s activities during follow-up. For the primary 
outcome measures, walking capacity was reported in the 
form of 2- and 6-min walk tests (6MWT) [12, 17, 37, 39], 
gait speed [11, 13, 16, 39] and TUG [11, 12, 14, 15, 19]. 
Balance-specific parameters were reported as Berg Balance 
Scale (BBS) test [18, 19], single-leg stand time on the oper-
ated leg with eyes open (SLSTKR-EO) [11, 15] and eyes 
closed (SLSTKR-EC) [11, 15], single-leg stance time on 
the non-operated leg with eyes open (SLSNon-TKR-EO) 
[11, 15] and eyes closed (SLSNon-TKR-EC) [11, 15], reach 
distance [11, 19] and CSTS times [11, 15, 16, 39]. For the 
secondary outcome measures, subjective scores of physical 
function [11, 12, 16–18, 39] and pain [11–14, 16–18, 38] 
and knee range of motion of the operated leg [12–14, 17] 
were reported.
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3.4  Methodological Quality

The PEDro scores for included studies ranged from good to 
excellent quality (Table 3). All included studies consisted of 
the following: eligibility criteria; randomisation of partici-
pants into BLN and CON groups; standardisation of baseline 
values; outcome measures reported from more than 85% of 
participants initially allocated to groups; similar treatment 
of data irrespective of group allocation; and analyses for 
between-group comparisons. A double-blinded approach 
was utilised by six studies (i.e. blinding of assessors and 
participants) and a single-blinded approach by four stud-
ies (i.e. blinding of assessors), although none of the studies 
blinded the therapists who supervised the exercise sessions 
and only three studies concealed participant allocation.

3.5  Quantitative Analyses

For the walking capacity and balance-specific performance 
analyses, a total of 32 effect points were incorporated from 
11 studies. According to the overall between-group com-
parison, significantly greater improvement in walking capac-
ity measures was observed for the BLN group compared 

to the CON group (SMD = 0.57; Z = 6.8; P < 0.01; Fig. 2) 
with low inter-study heterogeneity (I2 = 30%; P = 0.13). 
Furthermore, significantly greater improvement in 6-min 
walk test (SMD = 0.35; Z = 2.61; P < 0.01), gait speed 
(SMD = 0.50; Z = 3.77; P < 0.01) and TUG (SMD = 0.70; 
Z = 4.53; P < 0.01) were found for the BLN group compared 
to the CON group, all with low inter-study heterogeneity 
(I2 = 0–41%; P > 0.05). According to the overall between-
group comparisons, a significant improvement was shown 
for balance-specific performance measures (SMD = 1.19; 
Z = 6.48; P < 0.01; Fig. 3). Whilst only two effect points were 
reported for BBS,  SLSTKR-EC,  SLSNon-TKR-EC,  SLSNon-TKR-EO 
and thus sub-totals are not reported, significantly greater 
improvement was found with the BLN compared to the CON 
group for reach distance (SMD = 1.48; Z = 3.53; P < 0.01). 
However, differences in CSTS were not significant between 
the BLN and CON groups (SMD = 0.45; Z = 1.81; P = 0.07). 
Large inter-study heterogeneity was noted for the overall 
effect (I2 = 90%), reach distance (I2 = 87%) and CSTS 
(I2 = 80%). Based on visual inspection, the funnel plot was 
relatively symmetrical and evenly distributed for the walking 
capacity measures (Online resource 1), the follow-up walk-
ing capacity and balance measures (Online resource 2) and 

Fig. 1  Flowchart of the search 
strategy according to the 
PRISMA guidelines
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follow-up subjective measures (Online resource 3). How-
ever, the funnel plot for the balance-performance (Online 
resource 4) and secondary outcome measures (i.e. subjec-
tive measures of pain, physical function and ROM; Online 
resource 5) appeared deviated.

According to the forest plot of the secondary outcome 
measures, a total of 21 effect points were incorporated from 
nine studies. Using standardised mean differences (Fig. 4), 
subjective measures of function exhibited significantly 
greater improvement for the BLN group compared to the 
CON group (Z = 4.19; P < 0.01), with low inter-study het-
erogeneity (I2 = 0%; P > 0.05). However, no differences were 
noted for subjective measures of pain (Z = 1.63; P = 0.10) 
with high inter-study heterogeneity (I2 = 95%; P < 0.01) and 
for ROM (Z = 0.39; P = 0.70) which demonstrated low inter-
study heterogeneity (I2 = 1%; P > 0.05).

For the 6- to 12-month follow-up measures, six effect 
points based on four studies were reported for the combined 
meta-analytical calculations of walking capacity and balance 
(i.e. 6MWT, gait speed and CSTS; Fig. 5). The results dem-
onstrated an overall significant improvement for the BLN 
group compared to the CON group (SMD = 0.41; Z = 3.55; 
P < 0.05), with low heterogeneity (I2 = 0%; P = 0.71). The 
subjective measures during the 6- to 12-month follow-up 
consisted of five effect points with three studies (Fig. 6). 
The overall test statistic demonstrated significantly greater 
improvement for the BLN group compared to the CON 
group (SMD = 0.26; Z = 2.09; P < 0.05) with low inter-study 
heterogeneity (I2 = 0%; P = 0.84), although isolated measures 
of subjective pain (SMD = 0.28; Z = 1.83; P = 0.07) exhib-
ited no differences between groups with low inter-study het-
erogeneity (I2 = 0%; P < 0.05).

3.6  Sensitivity Analysis

The sensitivity analysis showed no differences in the overall 
standardised mean differences for 6-min walk test (Z = 2.59; 
P < 0.01) when studies [14, 17] with lower PEDro scores 
were excluded. Similarly, excluding a study with lower 
PEDro scores [18] for balance performance showed no 
differences in the overall standardised mean differences 
(Z = 7.33; P < 0.01). Excluding studies with lower PEDro 
scores for subjective measures of physical function [17, 18] 
and range-of-motion [14, 17] exhibited no changes in the 
overall standardised mean differences (Z = 3.43; P < 0.01 and 
Z = 0.47; P > 0.05, respectively). However, subjective meas-
ures of pain approached significance (Z = 1.81; P = 0.07) 
when excluding studies with lower PEDro scores [14, 17, 
18].

3.7  Meta‑Regression Analysis of Balance Training 
Duration

According to the meta-regression, balance training dura-
tion in weeks significantly predicted (r2 = 0.48; standardised 
β = 0.70; P < 0.01) the effect of the intervention on overall 
performance (i.e. walking capacity, balance performance, 
subjective measures of function and subjective measures of 
pain). When meta-regression analysis was separated between 
physical performance (i.e. walking capacity and balance-
specific performance measures) and subjective measures 
(i.e. pain and physical function), training duration was not 
a significant predictor for physical performance (r2 = 0.02; 
standardised β = 0.13; P = 0.48). However, the proportion of 
the variance in training duration predicting subjective meas-
ures of pain and function was significant (r2 = 0.85; stand-
ardised β = 0.92; P < 0.001), and greater than the combined 
measures as well as physical function measures alone.

4  Discussion

The current systematic review meta-analytically explored 
the literature to determine the benefits of balance train-
ing on balance performance and other relevant functional 
and subjective outcome measures on elderly individuals 
post-TKA. Based on strict inclusion criteria, 12 studies 
were included which: (1) utilised a randomised controlled 
approach; (2) incorporated an even sampling distribution 
between BLN and CON groups; and (3) demonstrated good 
to excellent quality ratings. The meta-analyses showed that 
balance-specific training improved walking capacity and bal-
ance performance compared to conventional rehabilitation. 
Similarly, significantly greater improvements were shown in 
subjective measures of physical function for the BLN group 
compared to the CON group, although no between-group 
differences were found for subjective measures of pain and 
ROM. During the 6- to 12-month follow-up, significantly 
greater improvements were found for the BLN group com-
pared to the CON group when walking capacity and balance-
specific performance measures as well as subjective meas-
ures of physical function and pain were combined. Finally, 
the training duration significantly predicted the magnitude 
of the subjective pain and physical function, suggesting a 
possible dose–response relationship of balance training on 
subjective measures.

According to consensus in the literature, traditional reha-
bilitation programmes alone are sufficient to enhance bal-
ance [40]. However, the current meta-analyses demonstrated 
that those who undertook approximately 6 weeks of balance 
training, as an adjunct to or distinct from typical rehabili-
tative exercises, showed significantly greater improvement 
in balance-specific tasks than those who performed typical 
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Table 3  PEDro ratings of all 
included studies

a Excellent rating
b Good rating

1 2 3 4 5 6 7 8 9 10 11 Ratings

Bruun-Olsen et al. [24] y y n y n y y y y y y 9/11a

Frost et al. [25] y y n y n n y y y y y 8/11b

Fung et al. [26] y y n y n n y y y y n 7/11b

Johnson et al. [27] y y n y n n n n y y y 6/11b

Karaman et al. [28] y y n y n n n y y y y 7/11b

Liao et al. [10] y y n y y n y y y y y 9/11a

Liao et al. [8] y y n y y n y y y y y 9/11a

Moffet et al. [29] y y n y n n y y y y y 8/11b

Monticone et al. [30] y y y y n n y y y y y 9/11a

Piva et al. [9] y y y y y n y y y y y 10/11a

Piva et al. [31] y y y y y n n y y y y 9/11a

Roig-Casasus et al. [11] y y n y n n y y y y y 8/11b

Median rating 8.5/11

Fig. 2  Forest plot of the walking capacity measures with standardised (Std.) mean differences and associated 95% confidence intervals (CI). 
6MWT 6-min walk test, 2MWT 2-min walk test, TUG  timed up and go
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ROM and muscular strength exercises with lesser emphasis 
on balance. Comparing these findings to previous review 
papers is at present difficult as the current review is the first 
to meta-analytically examine the effects of balance training 
where specifically implemented following TKA. Moutzouri 
and colleagues [20] conducted a systematic review of six 

studies and reported an improvement in functional ability 
and balance of post-TKA patients following rehabilitative 
exercises that targeted proprioception, postural control 
and coordination. However, their work did not statistically 
compare the pooled data of BLN and CON groups, nor did 
their inclusion criteria include restriction to randomised 

Fig. 3  Forest plot of the balance measures with standardised (Std.) 
mean differences and associated 95% confidence intervals (CI). BBS 
Berg Balance Scale, SLS TKR EO single leg stance time for limb with 
total knee replacement with eyes open, SLS TKR EC single leg stance 
time for limb with total knee replacement with eyes closed, SLS Non-

TR EO Single leg stance time for limb without total knee replacement 
with eyes open, SLS Non-TR EC Single leg stance time for limb with-
out total knee replacement with eyes closed, RD reach distance, RD-
Ratio Reach distance as a ratio to limb length, TCS timed chair stands
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controlled trials of rehabilitation exercises implemented 
post-TKA only. Nonetheless, the similarity in findings 
between the current review and those by Moutzouri et al. 
[20] support the inclusion of balance training in post-TKA 
rehabilitation protocols.

Exercises specifically designed to cause instability at 
the base of the feet, and/or occluding the vision, have been 
suggested to compensate for proprioceptive impairment 
in the knee by enhancing proprioception of the ankles and 
hips [41], stimulate neuromuscular feedback control, and 
eventually improve balance and postural stabilisation [15]. 
Studies included in the current review incorporated these 
types of exercises, by positioning participants in unstable 
conditions (e.g. single-leg stance), using equipment that 
induced instability at the base of the feet (e.g. foam, balance 
boards and balance beams) and exercising with eyes closed, 
all of which activate visual, proprioceptive and vestibular 
systems essential for optimising balance capabilities [23]. 
As a result of these balance exercises, most of the included 
studies reported significantly greater improvement in bal-
ance-specific tasks for the BLN group compared to the CON 

group. These findings have substantial clinical implications 
for individuals post-TKA, given that TKA procedures cause 
lower extremity pain, impair proprioception and cause fear 
of falls [2, 18], all of which may increase risks of falls [40]. 
Subsequently, incorporating rehabilitation programmes 
that include balance training has the potential to acceler-
ate recovery and minimise the risks of falls in the elderly 
post-TKA.

Similar to the balance performance measures, the cur-
rent meta-analyses showed significantly greater improve-
ment in walking capacity. Given that walking performance 
is highly dependent on balance capabilities [42], it is not 
surprising that studies that reported improvement in balance 
also showed enhanced walking capacity. In fact, walking 
assessments are utilised as strong predictors of falls among 
older individuals [43]. For example, it has been suggested 
that the probability of falling will increase from 69 to 83% 
as TUG time-trial increases from 13 to 14 s [43]. According 
to the results of the studies included in the current review 
[11, 15], time-trial for TUG was reduced by an average of 
3.3 s with an average of 14.2% greater improvement for the 

Fig. 4  Forest plot of the subjective measures of function and pain with standardised (Std.) mean differences and associated 95% confidence 
intervals (CI). ROM range-of-motion
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BLN group compared to the CON group. Gait velocity was 
also shown to increase by 16.2% for the BLN group com-
pared to the CON group [11], which is an important progno-
sis, given that every 0.1 m·s−1 decrease in gait velocity has 
been associated with a 10% reduction in physical function 
[44]. Consequently, balance training post-TKA may assist in 
improving balance reactivity, accelerate functional recovery 
and reduce risks of disability.

In addition to changes in walking capacity and balance, 
significantly greater improvement in subjective measures of 
physical function were found for the BLN group compared 

to the CON group. These findings are expected, given that 
the self-report instruments utilised by included studies con-
sisted of questions regarding function of daily living and 
sport and recreation, which requires balance and walking 
capabilities [45]. Interestingly, Fung et al. [17] reported a 
notably greater improvement (14.1%) in scores from the 
Activity-specific Balance Confidence Scale for the BLN 
group compared to the CON group, suggesting that partici-
pants that undertook balance training were more confident in 
their balance capabilities. Improvement in subjective meas-
ures of physical function observed in the current review and 

Fig. 5  Forest plot of the walking capacity and balance measures during the 6- to 12-month follow-up period with standardised (Std.) mean dif-
ferences and associated 95% confidence intervals (CI). 6MWT 6-min walk test, TCS timed chair stand

Fig. 6  Forest plot of the subjective measures of function and pain during the 6- to 12-month follow-up period with standardised (Std.) mean dif-
ferences and associated 95% confidence intervals (CI)
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the confidence scale reported by Fung et al. [17] indicate 
that balance training may enhance individual’s confidence 
to perform functional tasks, minimise fear of fall and assist 
in returning to activities of daily living. Whilst changes 
were shown in subjective measures of physical function, no 
changes were observed in subjective measures of pain and 
ROM measures. Since balance interventions are specifically 
designed to stimulate the sensory systems for balance [11], 
it is possible that adaptations induced by such exercises do 
not provide further improvement in pain levels and ROM 
compared to CON protocols. However, it is also important to 
note that balance training did cause sub-optimal changes in 
pain and ROM measures compared to conventional methods 
of rehabilitation. Therefore, balance training appears to opti-
mise walking capacity, balance and subjective measures of 
physical function to a greater degree than conventional pro-
tocols without compromising pain level and ROM measures.

During the 6- to 12-month follow-up period, combined 
measures of walking capacity (i.e. 6-min walk test and gait 
speed) and balance (i.e. TUG) exhibited significantly greater 
improvement for individuals undertaking BLN training than 
those that completed CON rehabilitation. These findings 
suggest that improved balance capabilities developed as a 
result of balance training are retained for several months 
post-training. In addition, when compared to their healthy 
aged-matched counterparts, elderly individuals that have 
undergone TKA have an increased falls risks for several 
months post-surgery due to reduced kinaesthetic awareness 
[46], with walking and balance capabilities as strong pre-
dictors of falls in the elderly [24, 43]. Thus, in addition to 
immediate improvements in outcomes, balance training may 
minimise the risk of falls for several months post-interven-
tion when incorporated as part of a post-TKA rehabilitation 
programme. Similarly, when combining subjective meas-
ures of physical function and pain, the overall effect was 
significant with results favouring the BLN group over the 
CON group. These data support the additional effects of bal-
ance intervention on subjective measures of physical func-
tion and pain during follow-up assessments several months 
post-TKA.

According to the meta-regression, balance training dura-
tion did not predict physical performance (i.e. walking 
capacity and balance-specific performance), although sig-
nificantly predicted subject measures (i.e. physical function 
and pain). Thus, there is a larger improvement on subjective 
measures of physical function and pain with a longer dura-
tion (i.e. 8 or more weeks) of balance training, suggesting a 
dose–response relationship for these types of measures. The 
discrepancy in regression findings between physical perfor-
mance and subjective measures may be due to the variation 
in assessment protocols utilised for the physical performance 
measures. Given that the sensitivity of an assessment to 
detect intervention-induced changes is highly dependent on 

the nature of the protocol, it is possible that the variety of 
assessment protocols incorporated for walking capacity and 
balance-specific performance measures precluded training 
duration to predict the magnitude of change in physical per-
formance measures. Conversely, the subjective measures of 
physical function and pain were primarily derived by the 
same questionnaires (i.e. WOMAC and KOOS), or visual 
analogue scales. Interestingly, in a systematic review and 
meta-analysis, Lesinski et al. [47] reported that a longer 
training duration of balance training improved balance-
specific performance measures to a greater extent in older 
adults. Comparing these findings to the current review is 
difficult at present given that Lesinski et al. [47] did not 
conduct a meta-regression and studies were not specific to 
patients following TKA. Nonetheless, irrespective of the 
variables measured and the statistical analyses employed, 
the similarity in trend between the current review and that 
by Lesinski et al. [47] demonstrates that balance training 
duration influences the magnitude of improvement in per-
formance measures. As the majority of studies included in 
the current review incorporated balance interventions rang-
ing from 4 to 8 weeks, clinicians should consider extending 
the duration of post-TKA rehabilitation for at least 8 weeks.

In line with most review papers, a number of limitations 
should be addressed. Firstly, the I2 values for some outcome 
measures was large (> 75%; P < 0.05). Whilst these find-
ings suggest large inter-study heterogeneity, every effort was 
made to ensure that the purpose of the primary (i.e. walking 
capacity and balance) and secondary (i.e. subjective meas-
ures of physical function and pain and ROM) outcome meas-
ures were standardised with similar experimental design 
using strict inclusion criteria. Furthermore, the majority of 
the reported measures had low I2 values with no statistically 
significant effects. Secondly, the included studies were lim-
ited to articles in English, thus excluding studies published 
in other languages that would otherwise have contributed 
to the pool of data. To minimise language-selection bias, 
two databases considered appropriate for rehabilitation and 
orthopaedics [32, 48] were used, in conjunction with manual 
selection of study inclusion via reference lists.

5  Conclusion

In conclusion, the current systematic review and meta-anal-
yses demonstrates that a rehabilitation programme heavily 
emphasised on balance exercises significantly improves 
walking capacity, balance-specific and functional outcome 
measures for elderly patients following TKA to a greater 
extent than an intervention with a lesser focus on balance 
training. Thus, clinicians should consider implementing 
rehabilitation programmes for elderly post-TKA patients 
with a strong emphasis on exercises that target the balance 
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sensory systems. These include exercises using equipment 
that induce unstable surfaces (e.g. foam pads or balance 
boards), assuming positions with single-leg stance, non-
assisted gait training and exercises with visual occlusion. In 
addition, the duration of rehabilitation prescription should 
be set for 8 or more weeks to optimise the benefits of bal-
ance training. These findings may assist in guiding clinical 
decision-making regarding appropriate post-TKA exercise 
prescription to minimise falls risks and optimise physical 
function.
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