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Abstract

Purpose The aim of the present study was to evaluate the
efficacy and safety of non-supervised home-based exercise
versus individualized and supervised programs delivered in
clinic-based settings for the functional recovery immedi-
ately after discharge from a primary TKA.

Methods Medline, Embase, Cochrane, and PEDro data-
bases were screened, from inception to April 2015, in
search for randomized clinical trials (RCT) of home-based
exercise interventions versus individualized and supervised
outpatient physical therapy after primary TKA. Target out-
comes were: knee range of motion (ROM), patient-reported
pain and function, functional performance, and safety. Risk
of bias was assessed with the PEDro scale. After assessing
homogeneity, data were combined using random effects
meta-analysis and reported as standardized mean differ-
ences or mean differences. We set a non-inferiority margin
of four points in mean differences.

Results The search and selection process identified 11 RCT
of moderate quality and small sample sizes. ROM active
extension data suitable for meta-analysis was available
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from seven studies with 707 patients, and ROM active
flexion from nine studies with 983 patients. Most studies
showed no difference between groups. Pooled differences
were within the non-inferiority margin. Most meta-analy-
ses showed significant statistical heterogeneity.

Conclusion Short-term improvements in physical func-
tion and knee ROM do not clearly differ between outpatient
physiotherapy and home-based exercise regimes in patients
after primary TKA; however, this conclusion is based on a
meta-analysis with high heterogeneity.

Level of evidence 1.

Keywords Systematic review - Meta-analysis - Total knee
replacement - Exercise - Osteoarthritis - Home-based -
Post-operative care

Introduction

Total knee arthroplasty (TKA) is a common surgical pro-
cedure in ageing populations. The US National Centre for
Health Statistics reported in 2014 that the overall TKA
incidence rate had increased from 5.5 to 8.7 per 1000 pop-
ulation [28], and that the demand had risen substantially
over the past decade [24]. The surgical aspect of TKA is
just one part of the total process, with physical therapy
(PT) and rehabilitation playing an integral role in success-
ful TKA outcomes.

Since healthcare costs are rising and more patients
are taking care of their own healthcare bills, PT is being
critically under scrutiny to justify its effectiveness. Some
research focused on home exercise programs have deter-
mined that it may be just as effective as supervised PT
and a viable cost-conscious option [6]. Rehabilitation pro-
grams have shown efficacy in restoring functional status,
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thus, enhancing the clinical and social benefits of TKA [20,
30]. Rehabilitation practices after hospital discharge vary
across and within countries. Some form of early rehabili-
tation (0-6 weeks) after hospital discharge appears to be
the norm. After the surgical procedure, an early inpatient
rehabilitation program will help to restore the function
and range of motion (ROM). This rehabilitation should be
continued after hospital discharge (Fig. 1). However, these
post-hospitalization programs are highly variable and some
are very costly [4]. They may include anything from super-
vised PT with numerous techniques to home-based exer-
cises taught to patients by physiotherapists. Controversy
still exists on the need of supervising PT or exercise [1, 5,
32].

If a well-structured home-based exercise regime were to
be developed, the costly individualized supervised outpa-
tient PT may not be necessary. However, solid grounds are
needed to provide such an indication, as most supervised
PT programs have already been consolidated in centres
with TKA.

The aim of the present study was to evaluate the effec-
tiveness and safety of outpatient PT delivered by physi-
otherapists in a clinic-based setting versus non-supervised
home-based exercise for the functional recovery immedi-
ately after discharge from a primary TKA procedure. As
a secondary objective, we aimed to describe the effect of
techniques added to the unsupervised exercise.

Materials and methods

A systematic review and meta-analysis following the
PRISMA statement was conducted and registered prospec-
tively on PROSPERO. The clinical question above was
translated into an epidemiological one using the Patient,
Intervention, Comparator, Outcome, and Type of study
(PICOT) approach. Inclusion criteria were as follows: (1)
patients should be adults with primary TKA; (2) interven-
tions should include one-to-one or individualized clinic-
based outpatient PT and should be compared to unsuper-
vised home-based programs; alone or in addition to other

strategies, such as telerehabilitation or any device that can
be used by the patient without supervision (e.g. transcuta-
neous electrical nerve stimulation and continuous passive
motion machine); (3) outcomes should include active knee
ROM in flexion, which is our primary outcome, functional
knee limitation, pain or perceived pain intensity, physical
conditioning or physical function, quality of life, muscle
strength, patient’s satisfaction with intervention, or adverse
events/complications; and (4) by type of design, only ran-
domized clinical trials (RCT) were admitted. Studies were
excluded if they focused on revision or bilateral surgeries.

The following databases were screened: Medline (1966
to April 2015), Embase (1974 to April 2015), Cochrane
Library (1982 to April 2015), and the Physiotherapy Evi-
dence Database, PEDro (to April 2015). The search strat-
egy—available upon request—included as terms “home
exercise program”, “unsupervised physical therapy”, “post
surgical knee” or “physical therapy”. We searched only
published articles, and limited languages to English, Span-
ish, French, and German. The reference lists of the included
articles were also revised.

Study selection

Two authors (RC & IPP) independently assessed the elec-
tronic search results. They first screened by title and them
by abstract in sessions aided by Covidence®. When an
article title seemed relevant, the abstract was reviewed for
eligibility. If there was any doubt, the full text of the arti-
cle was retrieved and appraised for possible inclusion. Any
differences between the two authors were discussed, and if
necessary, a third author (LC) was referred to for arbitra-
tion. A reason for exclusion was recorded in all cases if the
article was not eligible or excluded.

Quality assessment
Two authors (BN & RC) assessed independently the risk of
bias of the articles selected for detailed review. Methodo-

logical domains of the assessment, namely randomization
sequence, allocation concealment, blinding and conflicts of
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interest, were graded according to the PEDro scale check-
list [14]. The PEDro scale considers two aspects of trial
quality, namely the “believability” (or “internal validity”)
of the trial and whether the trial contains sufficient statisti-
cal information to make it interpretable. It does not rate the
“meaningfulness” (or “generalizability” or “external valid-
ity”) of the trial, or the size of the treatment effect.

Data extraction

Two authors (RC & BN) independently extracted the data
from included articles in forms previously pilot tested for
feasibility and comprehensiveness, and differences were
discussed. Reasons for exclusion at this stage were summa-
rized in Fig. 2 (the full list of excluded articles with rea-
sons is available upon request). Results were recorded on
an Excel spreadsheet. Data were extracted from each trial
regarding participants (group size according to intention
to treat analysis, age and sex), content of intervention and
comparison, setting and timing of intervention, time from
surgery and outcomes. When a trial employed two vari-
ations of a PT intervention (e.g. Ko et al. [21]), only one
group was included.

For outcomes reported as continuous variables mean
and standard deviation were extracted. If outcomes were
reported as means and confidence intervals, or medians and
inter-quartile ranges, appropriate conversions were applied
[2, 37]. Authors were contacted for missing data. If authors
had provided information to other reviewers, these data
were included in our analysis and acknowledged appropri-
ately [25, 27]. In two studies [23, 36], data were provided
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Fig. 2 Selection process and study flow criteria
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only in figures, and therefore numerical data were extrapo-
lated from figures using image editing programs.

Statistical analysis

Data from knee ROM, separated by active extension and
flexion, were obtained in all studies in similar form, by
standard goniometry, and thus were combined as mean dif-
ferences, whereas functional status was combined as stand-
ardized mean differences because it was collected using
different scales, such as the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) or the Knee Society
Score (KSS). Pooled effects were obtained from random
effects meta-analyses [18] in Stata® version 14. For all out-
comes we carried out subgroup analyses by whether a co-
intervention was added to the home-based group or not.

Statistical heterogeneity was tested with the /7 statistic;
we considered values greater than 50 % as important vari-
ability, needed to explain. In order to explain variability, we
performed sensitivity analyses [18].

Given that no difference between groups was antici-
pated in most outcomes, a non-inferiority hypothesis was
established. To set the non-inferiority margin, the mini-
mum clinically important change (MCIC) and difference
(MCID) for each outcome was explored. The MCIC used
were those reported by Collins et al. [12], Busija et al. [7],
Julian et al. [19], Smarr et al. [34], and Dowsey et al. [13].
Based on these, the difference between groups should not
be larger than four points in either direction to be consid-
ered non-inferior.

Results

The electronic search strategy yielded 2301 articles. After
screening titles and abstracts, 75 full papers were retrieved.
In addition, an article was found through manual search
[33]. There was no need for arbitration with a third peer or
contact with the authors of the original studies, during the
screening process. After detailed scrutiny, 11 studies were
included [5, 16, 21, 23, 25, 27, 31-33, 36, 39]. Review pro-
cess is summarized as a flow diagram in Fig. 2.

Characteristics of the included studies

All studies were RCT with sample sizes greater than 10
with follow-up between 6 weeks and 24 months. A sum-
mary of the studies is presented in Table 1. In terms of
quality, the mean PEDro score of the studies was 6 over 10
(see Table 2). Four studies did not clearly report eligibil-
ity criteria [5, 27, 36, 39], and in one randomization was
unclear [32]. Blinding was a complicated issue given the
nature of the interventions. In four studies, the assessor
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was unblinded [5, 25, 33, 36]. Nevertheless, blinding is not
as limiting in non-inferiority hypotheses as in superiority
studies. Half of the studies reported more than 15 % losses
of follow-up.

Regarding participants, these were very homogeneous,
with mean ages around 65. However, the interventions var-
ied widely across studies. PT included thermotherapy or
cryotherapy (n = 7), electrical stimulation (n = 2), joint
mobilization (n = 6), strengthening exercises or progres-
sive resistance exercises (n = 8). Five studies reported
standard or conventional PT, with no specification of
which interventions were provided. Home programs var-
ied across trials (Table 1) and were mainly exercise proto-
cols. Collectively, the length of home exercise intervention

Table 3 Range of movement (ROM) measured and position for
included studies (n = 11)

References Flexion  Extension ROM Other
Han et al. [16] A seated A seated/supine 80°at6 w
Bukeretal. [5] N/S N/S
Sindhu et al. N/S
[33]
Ko et al. [21]* N/S  Quadriceps lag
Mockford et al. A/P A/P A/P
[27]
Rajanet al. [32] N/S
Kramer et al. A supine
(23]
Piqueras et al. A A
(31]
Levine et al. N/S N/S
[25]
Tousignant et al. N/S N/S
[36]
Worland et al. N/S P Quadriceps lag
[39]

N/S measured but not stated in detail (we assume active measurement
using a goniometer as stated as common practice), A active, P pas-
sive, w weeks

 This study uses a photographic technique in order to register knee
ROM

ranged from 4 to 52 weeks. One study [32] did not report
the length of the intervention. The frequency of exercises
ranged from 1 to 7 times per week, with no information on
regime intensity. The timing of intervention varied from 2
to 6 weeks after TKA.

Knee range of motion

Knee ROM was measured with goniometry and reported in
all studies. ROM measurements covered flexion and exten-
sion, both active and passive. Two studies reported quadri-
ceps lag [21, 39]. Different positions were used during
assessment and are summarized in Table 3.

ROM active extension data suitable for meta-analy-
sis were available from seven studies summing up 707
patients [5, 16, 25, 27, 31-36, 39] and ROM active
flexion was available from nine studies totaling 983
patients [5, 16, 23, 25, 27, 31-33, 36, 39]. Most stud-
ies showed no difference between groups. The pooled
difference was within the non-inferiority margin at all
time points selected (3, 6 and 12 months). Heterogeneity
was larger in active flexion meta-analyses, ranging from
36 % at 12 months, up to 60 % at 6 months, whereas
active extension meta-analyses showed only heteroge-
neity (23 %) at 6 months after surgery. For details on
meta-analyses see Table 4 and Figs. 3, 4 and 5 regarding
knee extension and Table 5 and Figs. 6, 7 and 8 on knee
flexion. Subgroup meta-analyses by co-interventions
showed no differences between groups.

Patient-reported physical function

Data on physical function were available from all the stud-

ies except for Rajan et al. [32] and were measured with
WOMAC (n = 7), KSS (n = 3) and Oxford Knee Score
(OKS) (n = 2) (see Table 6 for details on questionnaires
used). Although the differences between groups on func-
tion were all in favour of home-based exercise, they were
not statistically significant (see Table 7; Figs. 9, 10, 11).
Heterogeneity was only moderate in studies reporting func-
tion outcomes at 3 months.

Table 4 P 9Oled estimates‘ of Time-point Patients Effect size (95 % CI) P value (%) (%) Pooled studies
the mean difference in active
knee extension at 3, 6 and 3 months 430 —0.05 (—0.24,0.13) ns. 0 [27,31, 32,
12 months after discharge for 39]
total knee replacement between 349 0.06 (~0.19, 0.31) ns. 23 [5. 21,25, 31,
home-based unsupervised and

.. . . 39]
clinic-based supervised physical
therapy groups 12 months 342 0.02 (—019, 023) n.s. 0 [5, 21, 23]

P = % heterogeneity
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Supervised PT Home-based exercise Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.4.2 Without intervention
Buker 2014 13.61 7.14 18 1169 11.26 16 7.9% 0.20 [-0.47, 0.88] e E—
Ko 2013 o 75 85 0 6.39 80 38.4% 0.00 [-0.31, 0.31]
Subtotal (95% CI) 103 96 46.3% 0.03 [-0.24, 0.31)
Heterogeneity. Tau? = 0.00; Chi2 = 0.28, df = 1 (P = 0.59); 2 = 0%
Test for overall effect: Z = 0.24 (P = 0.81)
1.4.3 With cointervention
Piqueras 2013 0.8 33 91 13 3.1 90 42.1% -0.16[-0.45, 0.14] —
Tousignant 2011 52 433 25 54 492 25 11.7% -0.04[-0.60, 0.51] —_—r
Subtotal (95% CI) 116 115 53.7% -0.13 [-0.39, 0.13]) L 3
Heterogeneity. Tau? = 0.00; Chi2 = 0.12, df = 1 (P = 0.72); 2 = 0%
Test for overall effect: Z = 0.99 (P = 0.32)
Total (95% CI) 219 211 100.0% -0.05 [-0.24, 0.13] ?
Heterogeneity. Tau? = 0.00; Chi = 1.14, df = 3 (P = 0.77); I = 0% _%2 -=1 ) ‘i j'
Test for overall effe;t: Z=056 (?; 0.57) ) Favours supervised PT Favours home-based
Test for subgroup differences: Chi® = 0.73, df = 1 (P = 0.39), I’ = 0%

Fig. 3 Forest plot of the mean difference in knee extension at 3 months after discharge for total knee replacement between home-based unsuper-

vised and clinic-based supervised physical therapy groups

Supervised PT Home-based exercise Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
1.5.2 Without intervention
Buker 2014 13 8.73 18 12.63 11.2 16 12.2% 0.04 [-0.64, 0.71] —_—
Ko 2013 0 6.38 85 0 5.62 80 41.0% 0.00 [-0.31, 0.31] t
Subtotal (95% CI) 103 96 53.2% 0.01 [-0.27, 0.28]
Heterogeneity. Tau? = 0.00; Chi® = 0.01, df = 1 (P = 0.92); 1> = 0%
Test for overall effect: Z = 0.04 (P = 0.97)
1.5.3 With cointervention
Levine 2013 0.56 5.14 35 1.52 3.53 35 22.4% -0.22[-0.69, 0.25] —_—
Worland 1998 8.04 4.96 43 6.1 4.24 37 24.4% 0.41 [-0.03, 0.86] T
Subtotal (95% CI) 78 72  46.8% 0.10 [-0.51, 0.72] —el——
Heterogeneity. Tau? = 0.14; Chi2 = 3.64, df = 1 (P = 0.06); I = 72%
Test for overall effect: Z = 0.33 (P = 0.74)
Total (95% CI) 181 168 100.0% 0.06 [-0.19, 0.31] ?
Heterogeneity. Tau? = 0.02; Chi® = 3.90, df = 3 (P = 0.27); I* = 23% -Ib _31 ) 1 i

Test for overall effect: Z = 0.45 (P = 0.65)

Test for subgroup differences: Chi2 = 0.08, df = 1 (P = 0.78), I = 0%

Favours supervised PT Favours home-based

Fig. 4 Forest plot of the mean difference in knee extension at 6 months after discharge for total knee replacement between home-based unsuper-

vised and clinic-based supervised physical therapy groups

Supervised PT Home-based exercise

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
1.6.2 Without intervention

Buker 2014 13.56 7.59 18 1138 1151 16 9.9% 0.22 [-0.45, 0.90] —

Ko 2013 0 9.39 85 0 5.81 80 48.3% 0.00[-0.31, 0.31]

Mockford 2008 2.2 18 71 2.2 18 72 41.9% 0.00 [-0.33, 0.33] %
Subtotal (95% CI) 174 168 100.0% 0.02 [-0.19, 0.23]

Heterogeneity. Tau? = 0.00; Chi? = 0.37, df = 2 (P = 0.83); > = 0%

Test for overall effect: Z = 0.20 (P = 0.84)

1.6.3 With cointervention

Subtotal (95% CI) 0 0 Not estimable

Heterogeneity. Not applicable

Test for overall effect: Not applicable

Total (95% CI) 174 168 100.0% 0.02 [-0.19, 0.23]

Heterogeneity. Tau? = 0.00; Chi? = 0.37, df = 2 (P = 0.83); I = 0%
Test for overall effect: Z = 0.20 (P = 0.84)
Test for subgroup differences: Not applicable

1

8

) 3 1 3

Favours supervised PT Favours home-based

Fig. 5 Forest plot of the mean difference in knee extension at 12 months after discharge for total knee replacement between home-based unsu-
pervised and clinic-based supervised physical therapy groups
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Table 5 Pooled estimates of the mean difference in active knee flexion at 3, 6 and 12 months after discharge for total knee replacement between
home-based unsupervised and clinic-based supervised physical therapy groups

Time-point patients Effect size (95 % CI) P value %) (%) Pooled studies
3 months 697 0.04 (—0.19t0 0.27) n.s. 53 [5,21, 23,31, 32,
36]
6 months 465 0.15 (—0.15, 0.46) 0.04 60 [5, 21, 25, 32, 39]
12 months 618 0.09 (—0.11, 0.29) n.s. 36 [5, 21, 23,27, 32]
Supervised PT Home-based exercise Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.1.1 Without intervention
Buker 2014 12.89 21.12 16 -2.56 14.78 18 8.1% 0.84[0.13, 1.54] - -
Ko 2013 0 17.47 85 0 1834 80 21.1% 0.00 [-0.31, 0.31] -1
Kramer 2003 -12 13 80 -14 14.14 80  20.9% 0.15[-0.16, 0.46] T
Rajan 2004 3 81 56 2 6.61 60 18.2% 0.13[-0.23, 0.50] -1
Subtotal (95% CI) 237 238  68.3% 0.16 [-0.07, 0.39] ‘
Heterogeneity: Tau? = 0.02; Chi? = 4.55, df = 3 (P = 0.21); I = 34%
Test for overall effect: Z=1.36 (P =0.17)
1.1.2 with co-intervention
Piqueras 2013 15.63  8.82 91 18.16 9.71 90 21.8% -0.27 [-0.56, 0.02] —
Tousignant 2011 27 114 21 29.5 9.62 20 9.9% -0.23 [-0.85, 0.38] - - 1
Subtotal (95% CI) 112 110  31.7% -0.26 [-0.53, -0.00] ‘
Heterogeneity: Tau? = 0.00; Chi? = 0.01, df =1 (P = 0.91); I?=0%
Test for overall effect: Z = 1.96 (P = 0.05)

Total (95% CI) 349 348 100.0%
Heterogeneity: Tau? = 0.04; Chi? = 10.62, df = 5 (P = 0.06); I> = 53%

Test for overall effect: Z = 0.35 (P = 0.73)

Test for subgroup differences: Chi? = 5.62, df = 1 (P = 0.02), I> = 82.2%

0.04 [-0.19, 0.27]

i

T
-1
Favours supervised PT  Favours home-based

T T
-0.5 0 0.5 1

Fig. 6 Forest plot of the mean difference in knee flexion at 3 months after discharge for total knee replacement between home-based unsuper-

vised and clinic-based supervised physical therapy groups

Supervised PT Home-based exercise Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
1.2.2 Without intervention
Buker 2014 36.45 23.14 18 14.23 15.02 16 11.7% 1.10[0.37, 1.83]
Ko 2013 0 16.43 85 0 19.63 80 25.8% 0.00 [-0.31, 0.31] ——
Rajan 2004 5 836 56 3 6.4 60 23.2% 0.27 [-0.10, 0.63] T
Subtotal (95% CI) 159 156 60.7% 0.35 [-0.13, 0.83] <
Heterogeneity. Tau? = 0.13; Chi? = 7.62, df = 2 (P = 0.02); I = 74%
Test for overall effect: 2 = 1.42 (P = 0.16)
1.2.3 With cointervention
Levine 2013 3.3 12.84 35 5.4 9.28 35 19.1% -0.19[-0.65, 0.28] —T
Worland 1998 21.8 10.06 43 219 1113 37 20.2% -0.01[-0.45, 0.43] —
Subtotal (95% CI) 78 72 393% -0.09 [-0.41, 0.23] <o
Heterogeneity. Tau? = 0.00; Chi? = 0.29, df = 1 (P = 0.59); I = 0%
Test for overall effect: Z = 0.56 (P = 0.58)
Total (95% CI) 237 228 100.0% 0.15 [-0.15, 0.46] ?
Heterogeneity. Tau? = 0.07; ChiZ = 10.09, df = 4 (P = 0.04); I* = 60% _:2 _:1 S i i

Test for overall effect: Z = 0.98 (P = 0.33)
Test for subgroup differences: Chi2 = 2.23, df = 1 (P = 0.14), I = 55.2%

Favours supervised PT Favours home-based

Fig. 7 Forest plot of the mean difference in knee flexion at 6 months after discharge for total knee replacement between home-based unsuper-

vised and clinic-based supervised physical therapy groups
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Supervised PT Home-based exercise

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
1.3.2 Without intervention

Buker 2014 30.12 21.63 18 10.4 19.36 16 7.1% 0.93[0.22, 1.65] —_—
Ko 2013 0 16.56 85 0 17.77 80 25.0% 0.00 [-0.31, 0.31] I B
Kramer 2003 -7 13 80 -7 15.02 80 24.6% 0.00 [-0.31, 0.31] - T
Mockford 2008 101 4438 71 6.2  27.66 72 23.0% 0.10[-0.22, 0.43] N B
Rajan 2004 6 7.9 56 6 5.9 60  20.2% 0.00 [-0.36, 0.36] -1
Subtotal (95% CI) 310 308 100.0% 0.09 [-0.11, 0.29] -
Heterogeneity: Tau? = 0.02; Chi? = 6.22, df =4 (P = 0.18); I = 36%

Test for overall effect: Z = 0.87 (P = 0.38)

1.3.3 With cointervention

Subtotal (95% Cl) 0 0 Not estimable

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% CI) 310 308 100.0% 0.09 [-0.11, 0.29]

Heterogeneity: Tau? = 0.02; Chi? = 6.22, df =4 (P = 0.18); I = 36%
Test for overall effect: Z=0.87 (P = 0.38)

Test for subgroup differences: Not applicable

-1 -0.5 0 0.5 1

Favours supervised PT  Favours home-based

Fig. 8 Forest plot of the mean difference in knee flexion at 12 months after discharge for total knee replacement between home-based unsuper-

vised and clinic-based supervised physical therapy groups

Table 6 Instruments used to measure functional status in the
included studies

References Instrument used MA Time points
Han et al. [16] G No

Buker et al. [5] G Yes 3,6, 12 mo
Sindhu et al. [33] KSS No

Ko et al. [21] G Yes 10, 26, 52 w
Mockford et al. [27] OKS No

Rajan et al. [32] No

Kramer et al. [23] FS,G Yes 12,54 w
Piqueras et al. [31] G No

Levine et al. [25] G, KSS Yes 6 mo
Tousignant et al. [36] G Yes 4 mo
Worland et al. [39] HSS No

WOMAC The Western Ontario and McMaster Universities Arthritis
Index [G: global questionnaire and FS: function subscale of the West-
ern Ontario and McMaster Universities Arthritis Index (WOMAC)],
OKS Oxford Knee Score, KSS Knee Society Clinical Rating System,
ILOA Towa Level of Assistance Scale, HSS Hospital Special Surgery,
MA studies included in the meta-analysis, mo months, w weeks

Pain

Pain was measured in seven studies, either using VAS
pain score (n = 2), KSS pain score (n = 3) or the 5
item subscale from the WOMAC (n = 3). Pain was not
meta-analysed.

Safety

Safety was described in three of the included articles [16, 21,
23]. In Kramer et al. study [23], two patients in each group
needed knee manipulation under anaesthesia between 2
and 7 weeks after surgery; the same event occurred in three
patients in the home exercise group and two in the super-
vised PT in the Ko et al. study [21]. In the study by Han et al.
[16] the rate of hospital admissions in the first 6 weeks after
surgery was similar between groups (7 vs. 9 %).

Discussion

The most important finding of the present study was the
non-inferiority of home-based exercise when compared to
usual PT activities with respect to knee ROM and func-
tional status at 3, 6 and 12 months after surgery.

Coppola et al. [11] in a previous systematic review found
no evidence to support supervised PT following knee sur-
gery over home exercises; however, they included studies
with young patients, and consequently with few comorbidi-
ties, and could not conclude on the effect of home exercises
over supervised PT in older populations with comorbidities
or with complicated knee surgical procedures, such as TKA.

Another review by Artz et al. [3] showed that patients
receiving PT exercise, supervised or not, improved physi-
cal function at 3—4 months compared to any other PT
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Table7 Pooled estimates Time-point Patients Effect size (95 % CI) P value P) (%) Pooled
of the mean difference in studies
functional status at 3, 6 and
12 months after discharge for 3 months 400 0.03 (—0.25,0.31) ns. 42 [5,21,23,
total knee replacement between 36]
home-based unsupervised and

.. p . . 6 months 269 0.13 (—0.11 t0 0.37) n.s. 0 [5, 21, 25]
clinic-based supervised physical
therapy groups 12 months 359 0.10 (—010, 031) n.s. 0 [5, 21, 23]

Supervised PT Home-based exercise Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.7.1 Without intervention

Buker 2014 40.11 1473 18 29.87 14.5 16 13.0% 0.68 [-0.01, 1.38] -

Ko 2013 0 27.97 85 0 37.44 80 36.0% 0.00 [-0.31, 0.31]

Kramer 2003 50 20 80 50 25 80 35.5% 0.00 [-0.31, 0.31]

Subtotal (95% ClI) 183 176 84.4% 0.10 [-0.19, 0.39]

Heterogeneity: Tau? = 0.03; Chi? = 3.38, df =2 (P = 0.18); I? = 41%

Test for overall effect: Z = 0.66 (P = 0.51)

1.7.2 with co-intervention

Tousignant 2011 9 8.5 20 13.5 14 21 15.6% -0.38 [-1.00, 0.24] - 1

Subtotal (95% Cl) 20 21 15.6%  -0.38 [-1.00, 0.24] —l

Heterogeneity: Not applicable

Test for overall effect: Z = 1.20 (P = 0.23)

Total (95% Cl) 203 197 100.0%
Heterogeneity: Tau? = 0.03; Chi? = 5.13, df = 3 (P = 0.16); I = 42%

Test for overall effect: Z=0.21 (P = 0.84)

Test for subgroup differences: Chi? = 1.88, df = 1 (P = 0.17), 1> = 46.7%

0.03 [-0.25, 0.31] ?
1

-2 -1 0 1 2

Favours supervised PT  Favours home-based

Fig. 9 Forest plot of the mean difference in physical function at 3 months after discharge for total knee replacement between home-based unsu-

pervised and clinic-based supervised physical therapy groups

technique, with a standardized mean difference of —0.37
(95 % CI —0.62, —0.12). The present meta-analysis shares
5 of the 18 studies in Artz et al.’s review [3]; however,
Artz’s included PT treatments performed in the patient’s
home, thus supervised, and other treatment modalities
not compared specifically to unsupervised home-based
exercise.

Knee ROM is the main follow-up outcome after TKA
and it is believed to reflect the patient evolution, although
it has been found to be a poor marker of implant success
[29]. In addition, a high heterogeneity was observed in the
meta-analyses of ROM, possible causes being the use of
different measurement positions across studies, difficulties
in extracting data from studies—especially in the case of
active extension; where negative values can be mislead-
ing—and the low reliability of the instruments employed
[10]. Five degrees has been chosen as the MCID, reflecting
a difference that is both larger than the measurement error
and detectable by the subject in daily activities [8].

Another concern is to what extent patients care about
flexion beyond the point needed to perform daily activi-
ties after TKA. For that purpose, Thomsen et al. [35]
designed a study where they used high-flex PS prosthesis

@ Springer

that achieved very high degrees of knee flexion. Although
they showed increased knee flexion, patient perceived out-
comes showed no significant differences. This suggests
little importance of the difference in knee flexion to the
patients—when flexion, of course, reaches a minimum
magnitude—as pain-free ROM and high patient satisfac-
tion were achieved with both types of prostheses [35].
Poor medium-to-long-term patient outcomes after TKA
are consistent with other studies reporting that only 50 %
of patients may have a clinically important improvement in
WOMAC score a year after surgery [17]. In addition, the
poor reporting of both the WOMAC index and the KSS in
the individual studies resulted in significant uncertainty in
the interpretation of the combined results and limited their
contribution to evidence synthesis [38]. Miner et al. [26]
found a low correlation between knee ROM and WOMAC
functional status (r < 0.34). Patients with flexion <95° had
significantly worse WOMAC function scores than patients
with 95° or higher a year after surgery, and both WOMAC
pain and function scores correlated with patient satisfaction
and perceived improvement in quality of life after a year,
but knee flexion was not [26]. A recent systematic review
[38] with 76 articles from 22 countries pointed out that
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Supervised PT Home-based exercise

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.8.1 Without intervention
Buker 2014 49.66 15.48 18 43.62 12.47 16 12.4% 0.42[-0.26, 1.10] -1 -
Ko 2013 0 26.61 85 0 3583 80 61.7% 0.00 [-0.31, 0.31] i
Subtotal (95% CI) 103 96 74.1% 0.09 [-0.25, 0.43]
Heterogeneity: Tau? = 0.01; Chi? = 1.20, df = 1 (P = 0.27); I = 16%
Test for overall effect: Z=0.53 (P = 0.59)
1.8.2 with co-intervention
Levine 2013 -30.6 18.92 35 -359 13.68 35 25.9% 0.32[-0.15,0.79] -
Subtotal (95% CI) 35 35 25.9% 0.32[-0.15, 0.79] ‘
Heterogeneity: Not applicable
Test for overall effect: Z=1.32 (P = 0.19)
Total (95% Cl) 138 131 100.0% 0.13 [-0.11, 0.37] ?
1 1

Heterogeneity: Tau? = 0.00; Chi? = 1.98, df = 2 (P = 0.37); 2= 0%
Test for overall effect: Z =1.09 (P = 0.27)
Test for subgroup differences: Chi? = 0.58, df = 1 (P = 0.45), I? = 0%

T T
-1 -0.5 0 0.5 1
Favours supervised PT Favours home-based

Fig. 10 Forest plot of the mean difference in physical function 6 months after discharge for total knee replacement between home-based unsu-

pervised and clinic-based supervised physical therapy groups

Supervised PT Home-based exercise

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.9.1 Without intervention
Buker 2014 49.6 15.48 18  43.62 1,247 16 9.5% 0.01[-0.67, 0.68]
Ko 2013 0 24.02 85 0 34.13 80 46.1% 0.00 [-0.31, 0.31]
Kramer 2003 60 20 80 55 22.64 80 44.4% 0.23 [-0.08, 0.54]
Subtotal (95% Cl) 183 176  100.0% 0.10 [-0.10, 0.31]
Heterogeneity: Tau? = 0.00; Chi? = 1.19, df = 2 (P = 0.55); I = 0%
Test for overall effect: Z=0.98 (P = 0.32)
1.9.2 with co-intervention
Subtotal (95% Cl) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Total (95% CI) 183 176 100.0% 0.10 [-0.10, 0.31] ?
1 1

Heterogeneity: Tau? = 0.00; Chi? = 1.19, df = 2 (P = 0.55); I = 0%
Test for overall effect: Z=0.98 (P = 0.32)

Test for subgroup differences: Not applicable

T T
-1 -0.5 0 0.5 1

Favours supervised PT Favours home-based

Fig. 11 Forest plot of the mean difference in physical function at 12 months after discharge for total knee replacement between home-based

unsupervised and clinic-based supervised physical therapy groups

WOMAC reliability was consistently high (>0.90) for the
function scale and acceptable (>0.70) for the pain and stiff-
ness scale [15]. Therefore, we should move towards meas-
urements of functional outcomes which may better reflect
the real state of the patient than knee ROM.

Two other outcomes are worth mentioning in this dis-
cussion, pain and safety. Although pain was reported in
seven studies, it was not included in the meta-analysis
because exercise regimes and PT do not manage directly
pain after TKA. An effect on pain is the aim of pharma-
cological and other non-pharmacologic therapies, such as

neuromuscular electrical stimulation, transcutaneous elec-
trical nerve stimulation or cryotherapy [9], but not clearly
exercise. Regarding safety, a common argument against
the use of a monitored home program is the risk of delayed
detention of adverse effects, with consequently serious
complications. For this purpose, we analysed safety, which
unfortunately was only described in detail in three of the
eleven studies [16, 21, 23], and we found that both treat-
ment groups (home-based vs outpatient PT) were similar
with respect to the number of hospital readmissions for
knee-related issues.
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The main limitations to this review include heterogene-
ity, especially in the results on knee ROM, and impreci-
sion; this latter due to the small sample sizes of the studies
and to having had to extrapolate data from figures. Pub-
lication bias could not be adequately assessed due to the
small number of included studies, but it is possible in a
field that mainly consists of small trials. Nonetheless, this
systematic review has several strengths, including compre-
hensive search of multiple databases, selecting studies by
two independent reviewers and the use of co-intervention
subgroup analyses within trials. Although our ability to
answer our research questions was hampered by the inad-
equate reporting of outcome data in primary studies, the
results of this study can help with decision-making after
TKA.

Conclusion

Despite the limitations of the data, the improvement in
physical function and knee ROM does not seem to clearly
differ with the use of interventions including outpatient
PT or home-based exercise regimes after primary TKA for
knee osteoarthritis.

Authors’ contributions All authors were involved in drafting the
article or revising it critically for important intellectual content, and
all authors approved the final version to be submitted for publication.
The studies were selected by Curbelo, Perez-Porta and Nishishinya
And the search strategies were designed by Rosario designed. Cur-
belo and Carmona wrote the article. Garcia-Pérez and Flérez-Garcia
helped writing the article.

Source of funding This study was self-financed and authors have no
financial interest.

Compliance with ethical standards

Conflict of interest Authors declare that they have no conflict of
interest.

References

1. Akbaba YA, Yeldan I, Guney N, Ozdincler AR (2014) Intensive
supervision of rehabilitation programme improves balance and
functionality in the short term after bilateral total knee arthro-
plasty. Knee Surg Sports Traumatol Arthrosc 24(1):26-33

2. Altman DG, Bland JM (2011) How to obtain the confidence
interval from a P value. BMJ 343:d2090

3. Artz N, Elvers KT, Lowe CM, Sackley C, Jepson P, Beswick AD
(2015) Effectiveness of physiotherapy exercise following total
knee replacement: systematic review and meta-analysis. BMC
Musculoskelet Disord 16:15

4. Baulig C, Grams M, Rohrig B, Linck-Eleftheriadis S, Krum-
menauer F (2015) Clinical outcome and cost effectiveness of
inpatient rehabilitation after total hip and knee arthroplasty.
A multi-centre cohort benchmarking study between nine

@ Springer

10.

11.

12.

14.

15.

16.

17.

rehabilitation departments in Rhineland-Palatinate (Western Ger-
many). Eur J Phys Rehabil Med 51(6):803-813

Biiker N, Akkaya S, Akkaya N, Gokalp O, Kavlak E, Ok N, Kiter
AE, Kitis A (2014) Comparison of effects of supervised physio-
therapy and a standardized home program on functional status in
patients with total knee arthroplasty: a prospective study. J Phys
Ther Sci 26(10):1531-1536

Bulthuis Y, Drossaers-Bakker KW, Taal E, Rasker J, Oostveen J,
van’t Pad Bosch P, Oosterveld F, van de Laar M (2007) Arthritis
patients show long-term benefits from 3 weeks intensive exercise
training directly following hospital discharge. Rheumatology
(Oxford) 46(11):1712-1717

Busija L, Pausenberger E, Haines TP, Haymes S, Buchbinder R,
Osborne RH (2011) Adult measures of general health and health-
related quality of life: Medical Outcomes Study Short Form
36-Item (SF-36) and Short Form 12-Item (SF-12) Health Sur-
veys, Nottingham Health Profile (NHP), Sickness Impact Profile
(SIP), Medical Outcomes Study Short Form 6D (SF-6D), Health
Utilities Index Mark 3 (HUI3), Quality of Well-Being Scale
(QWB), and Assessment of Quality of Life (AQoL). Arthritis
Care Res (Hoboken) 63(Suppl 11):S383-S412

Chaudhary R, Beaupre LA, Johnston DW (2008) Knee range
of motion during the first two years after use of posterior
cruciate-stabilizing or posterior cruciate-retaining total knee
prostheses. A randomized clinical trial. J Bone Joint Surg Am
90(12):2579-2586

Chughtai M, Elmallah RD, Mistry JB, Bhave A, Cherian JJ,
McGinn TL, Harwin SF, Mont MA (2016) Nonpharmacologic
pain management and muscle strengthening following total knee
arthroplasty. J Knee Surg 29(03):194-200

Cleffken B, van Breukelen G, Brink P, van Mameren H, Olde
Damink S (2007) Digital goniometric measurement of knee joint
motion. Evaluation of usefulness for research settings and clinical
practice. Knee 14(5):385-389

Coppola SM, Collins SM (2009) Is physical therapy more ben-
eficial thanunsupervised home exercise in treatment of post sur-
gical knee disorders? Asystematic review. Knee 16:171-175
Collins NJ, Misra D, Felson DT, Crossley KM, Roos EM (2011)
Measures of knee function: International Knee Documentation
Committee (IKDC) Subjective Knee Evaluation Form, Knee
Injury and Osteoarthritis Outcome Score (KOOS), Knee Injury
and Osteoarthritis Outcome Score Physical Function Short Form
(KOOS-PS), Knee Outcome Survey Activities of Daily Liv-
ing Scale (KOS-ADL), Lysholm Knee Scoring Scale, Oxford
Knee Score (OKS), Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), Activity Rating Scale (ARS),
and Tegner Activity Score (TAS). Arthritis Care Res (Hoboken)
63(Suppl 11):S208-S228

. Dowsey MM, Choong PF (2013) The utility of outcome

measures in total knee replacement surgery. Int J Rheumatol
2013:506518

Elkins MR, Moseley AM, Sherrington C, Herbert RD, Maher CG
(2013) Growth in the Physiotherapy Evidence Database (PEDro)
and use of the PEDro scale. Br J Sports Med 47(4):188-189
Gandek B (2015) Measurement properties of the Western
Ontario and McMaster Universities Osteoarthritis Index: a sys-
tematic review. Arthritis Care Res (Hoboken) 67(2):216-229
Han AS, Nairn L, Harmer AR, Crosbie J, March L, Parker
D, Crawford R, Fransen M (2015) Early rehabilitation after
total knee replacement surgery: a multicenter, noninferior-
ity, randomized clinical trial comparing a home exercise pro-
gram with usual outpatient care. Arthritis Care Res (Hoboken)
67(2):196-202

Hawker GA, Badley EM, Borkhoff CM, Croxford R, Davis
AM, Dunn S, Gignac MA, Jaglal SB, Kreder HJ, Sale JE (2013)



Knee Surg Sports Traumatol Arthrosc (2017) 25:3340-3353

3353

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

Which patients are most likely to benefit from total joint arthro-
plasty? Arthritis Rheum 65(5):1243-1252

Higgins JPT, Green S, Collaboration Cochrane (2008) Cochrane
handbook for systematic reviews of interventions. Cochrane
book series. Wiley-Blackwell, Chichester

Julian LJ (2011) Measures of anxiety: State-Trait Anxiety Inven-
tory (STAI), Beck Anxiety Inventory (BAI), and Hospital Anxi-
ety and Depression Scale-Anxiety (HADS-A). Arthritis Care Res
(Hoboken) 63(Suppl 11):S467-S472

Khan F, Ng L, Gonzalez S, Hale T, Turner-Stokes L (2008) Mul-
tidisciplinary rehabilitation programmes following joint replace-
ment at the hip and knee in chronic arthropathy. Cochrane Data-
base Syst Rev 2:CD004957

Ko V, Naylor J, Harris I, Crosbie J, Yeo A, Mittal R (2013) One-
to-one therapy is not superior to group or home-based therapy
after total knee arthroplasty: a randomized, superiority trial. J
Bone Joint Surg Am 95(21):1942-1949

Ko VWM, Naylor JM, Harris 1A, Yeo AET, Crosbie J (2011) Is
centre-based rehabilitation superior to home-based rehabilitation
after knee replacement? A single-blind, randomised controlled
trial. Arthritis Rheum 63(12):4043

Kramer JF, Speechley M, Bourne R, Rorabeck C, Vaz M (2003)
Comparison of clinic- and home-based rehabilitation programs
after total knee arthroplasty. Clin Orthop Relat Res 410:225-234
Kurtz SM, Ong KL, Lau E, Widmer M, Maravic M, Gomez-Bar-
rena E, de Pina Mde F, Manno V, Torre M, Walter WL, de Steiger
R, Geesink RG, Peltola M, Roder C (2011) International sur-
vey of primary and revision total knee replacement. Int Orthop
35(12):1783-1789

Levine M, McElroy K, Stakich V, Cicco J (2013) Comparing
conventional physical therapy rehabilitation with neuromuscular
electrical stimulation after TKA. Orthopedics 36(3):e319-e324
Miner AL, Lingard EA, Wright EA, Sledge CB, Katz JN, Kin-
emax Outcomes G (2003) Knee range of motion after total knee
arthroplasty: how important is this as an outcome measure? J
Arthroplasty 18(3):286-294

Mockford BJ, Thompson NW, Humphreys P, Beverland DE
(2008) Does a standard outpatient physiotherapy regime improve
the range of knee motion after primary total knee arthroplasty? J
Arthroplasty 23(8):1110-1114

National Center for Health Statistics (2015) Health, United
States, 2014: with special feature on adults aged 55-64. U.S.
Department of Health and Human Services, Centers for Disease
Control and Prevention, National Center for Health Statistics.
Available via http://worldcat.org. http://www.cdc.gov/nchs/data/
hus/hus14.pdf#105

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

Park KK, Chang CB, Kang YG, Seong SC, Kim TK (2007)
Correlation of maximum flexion with clinical outcome after
total knee replacement in Asian patients. J Bone Joint Surg Br
89(5):604-608

Health Quality Ontario (2005) Physiotherapy rehabilitation after
total knee or hip replacement: an evidence-based analysis. Ont
Health Technol Assess Ser 5(8):1-91

Piqueras M, Marco E, Coll M, Escalada F, Ballester A, Cinca
C, Belmonte R, Muniesa JM (2013) Effectiveness of an inter-
active virtual telerehabilitation system in patients after total
knee arthoplasty: a randomized controlled trial. J Rehabil Med
45(4):392-396

Rajan RA, Pack Y, Jackson H, Gillies C, Asirvatham R (2004)
No need for outpatient physiotherapy following total knee
arthroplasty: a randomized trial of 120 patients. Acta Orthop
Scand 75(1):71-73

Sindhu B, Sharma M, Biraynia RK (2013) Comparison of super-
vised rehabilitation vs. home based unsupervised rehabilitation
programs after total knee arthroplasty: A pilot study. Indian J
Physiother Occup Ther Int J 7(3):50

Smarr KL, Keefer AL (2011) Measures of depression and
depressive symptoms: Beck Depression Inventory-II (BDI-II),
Center for Epidemiologic Studies Depression Scale (CES-D),
Geriatric Depression Scale (GDS), Hospital Anxiety and Depres-
sion Scale (HADS), and Patient Health Questionnaire-9 (PHQ-
9). Arthritis Care Res (Hoboken) 63(Suppl 11):S454-S466
Thomsen MG, Husted H, Otte KS, Holm G, Troelsen A (2013)
Do patients care about higher flexion in total knee arthroplasty?
A randomized, controlled, double-blinded trial. BMC Musculo-
skelet Disord 14:127

Tousignant M, Moffet H, Boissy P, Corriveau H, Cabana F,
Marquis F (2011) A randomized controlled trial of home teler-
ehabilitation for post-knee arthroplasty. J Telemed Telecare
17(4):195-198

Wan X, Wang W, Liu J, Tong T (2014) Estimating the sample
mean and standard deviation from the sample size, median, range
and/or interquartile range. BMC Med Res Methodol 14:135
Woolacott NF, Corbett MS, Rice SJ (2012) The use and report-
ing of WOMAC in the assessment of the benefit of physical
therapies for the pain of osteoarthritis of the knee: findings from
a systematic review of clinical trials. Rheumatology (Oxford)
51(8):1440-1446

Worland RL, Arredondo J, Angles F, Lopez-Jimenez F, Jessup
DE (1998) Home continuous passive motion machine versus
professional physical therapy following total knee replacement.
J Arthroplasty 13(7):784-787

@ Springer


http://worldcat.org
http://www.cdc.gov/nchs/data/hus/hus14.pdf%23105
http://www.cdc.gov/nchs/data/hus/hus14.pdf%23105

	Efficacy and safety of home-based exercises versus individualized supervised outpatient physical therapy programs after total knee arthroplasty: a systematic review and meta-analysis
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Study selection
	Quality assessment
	Data extraction
	Statistical analysis

	Results
	Characteristics of the included studies
	Knee range of motion
	Patient-reported physical function
	Pain
	Safety

	Discussion
	Conclusion
	Authors’ contributions 
	References




