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Objective: To summarize the evidence regarding the 
effectiveness and dose-response characteristics of 
pre-operative exercise programmes on post-opera-
tive physical function following total knee arthro-
plasty. 
Data sources: CINAHL, Cochrane Library, PubMed, 
SPORTDiscus and EMBASE.
Study selection: Randomized controlled trials were 
eligible if they provided full description of physiolo-
gical stress (i.e. mode, frequency, intensity and du-
ration).
Data extraction: Data extraction and evaluation 
were performed by one reviewer. Methodological 
quality of the selected studies was assessed using 
the Physiotherapy Evidence Database scale. 
Data synthesis: Twelve candidate studies were iden-
tified, but only 3 papers satisfied all inclusion cri-
teria: 2 studies evaluated the effect of resistance 
training and 1 trial investigated proprioceptive train-
ing. The latter study elicited significantly enhanced 
post-operative gains in function for indices of stan-
ding balance (overall stability index: Hedges’ g = –1; 
anteroposterior stability index: Hedges’ g = –1.15; 6 
weeks post-surgery). Results of meta-analysis ba-
sed on the findings of 2 studies showed that, com-
pared with controls, prehabilitative exercise invol-
ving resistance training offered no additional gains 
in isometric quadriceps muscle strength at 6 and 12 
weeks post-operatively. 
Conclusion: Despite a potential for efficacy of exer-
cise-based conditioning, this review highlights the 
scarcity of robust dose-response evidence to guide 
the formulation of total knee arthroplasty prehabili-
tation effectively. 
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Total knee arthroplasty (TKA) is an elective surgi-
cal procedure, which is performed when normal 

function of the knee is limited by disease (1, 2). This 
orthopaedic operation is a cost-effective intervention 

for patients with advanced knee osteoarthritis (OA) 
(3), with a cost-effectiveness ratio ranging from €1,276 
to USD 18,300 per quality-adjusted life year gained 
(4, 5). However, the costs of surgery and subsequent 
rehabilitation generate a growing economic burden on 
healthcare systems globally (6, 7).

Patients experience reduced pain symptoms, and im-
proved perceived function and health-related quality of 
life (QoL) following TKA surgery (7, 8). Nevertheless, 
they often have considerably impaired muscle strength 
(8–13), postural stability (14), and knee joint proprio-
ception (9, 15, 16). Full recovery of muscle strength 
and physical function to a normal level is rare (10, 
12) and impairments may persist several years after 
surgery (17–20). In addition, these impairments can 
lead to reduced balance and movement control (21, 22) 
and a greater risk of falling (22, 23). Neuromuscular 
performance capabilities are altered significantly in 
people with arthritis, and impairments are evident 
pre-operatively (24). Alterations in neuromuscular 
performance may take the form of inhibition (25–27) or 
aberrant facilitation (26) of the unaffected musculature 
surrounding an injured joint, and have been particularly 
observed as weakness of the quadriceps muscles (27). 

The beneficial effects of exercise are well documen-
ted, and international guidelines recommend exercise 
as a treatment to reduce pain and improve physical fun-
ction in patients with OA (28–31). However, specific 
guidelines regarding optimal dosage of exercise mode, 
frequency, duration and intensity remain elusive (30, 
32). Preoperative physical function (including muscu-
lar function indices) has been identified as the strongest 
determinant of postoperative pain and functioning 
(33–35). Consequently, beneficial exercise-mediated 
effects on pain and function in patients with OA have 
provoked interest in pre-operative exercise intervention 
programmes. Reducing clinical impairments that are 
apparent prior to surgery might facilitate the ultimate 
goal of improving post-surgical function and accele-
rating recovery.

Recent systematic reviews and meta-analyses agree 
there is no definitive evidence as to whether a pre-ope-
rative exercise programme accelerates post-surgical 
recovery of physical function (36–40). These reviews 
focused on the effect of certain types of strengthe-

http://crossmark.crossref.org/dialog/?doi=10.2340/16501977-XXXX&domain=pdf
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305Pre-surgery exercise and post-operative function in TKA

ning, flexibility, aerobic or balance exercise; however, 
precise exercise prescription information pertaining to 
physiological stress and dosage within the included 
studies was either missing or inconsistently repor-
ted. Incomplete information about dosage inevitably 
hinders understanding of response characteristics. 
The literature suggests that the intervention exercise 
programmes are likely to have varied substantially in 
the type of exercise, intensity, frequency, duration and 
verification of its delivery. 

The aim of this systematic review and meta-analysis 
was to evaluate post-operative effectiveness and dose-
response characteristics (as appropriate, depending on 
the availability of evidence) of specific pre-operative 
exercise programmes, which detailed the applied 
physiological stress (i.e. mode, frequency, intensity 
and duration) in people undergoing TKA. The review 
addresses a knowledge gap regarding optimal exercises 
types and dosages, as previous reviews have not ex-
plicitly evaluated dosage-response (36–40). Evidence 
from this review will facilitate understanding of the 
benefit and hierarchy of importance of particular pre-
operative exercise modalities in this patient population. 

METHODS

Data sources

A comprehensive review of the existing literature was un-
dertaken using the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines. Five 
bibliographic databases were searched for results published 
before January 2015: CINAHL; Cochrane Library; PubMed; 
SPORTDiscus; and EMBASE. For each database, individual 
and comprehensive search strategies were constructed using 
subject-heading mapping. The literature search included search 
terms such as: knee, joint, arthroplasty, replacement, exercise, 
physiotherapy, prehabilitation, rehabilitation, neuromuscular, 
sensorimotor, pre-operative and postoperative. All terms were 
searched as keywords (MeSH) and/or text words. In order to 
identify randomized controlled trials (RCTs), the following 
search terms were used: randomized controlled trials, clinical 
trials, placebo, control* and random*. One of the authors (MP) 
identified and screened relevant titles and abstracts following 
the systematic literature search. Consensus on inclusion of the 
study by Gstöttner et al. (41) was reached by discussion between 
2 authors (MP and NG).

Study selection

Publications were eligible if: (i) the post-operative effect of an 
exercise-based prehabilitation programme was assessed; (ii) the 
study provided full description of physiological stress applied 
during the intervention; (iii) physical function was evaluated 
(self-reported and performance-based); (iv) all participants were 
diagnosed with OA (in one or both knees) and awaiting TKA 
(trials including people with knee and hip OA, separate data on 
the knee were available); (v) the study was written in English 
or German; and (vi) an RCT compared an exercise intervention 

with no-intervention or standard treatment. The exercise-based 
rehabilitation programme was defined as a specific, land-based, 
lower extremity activity that was applied for more than one 
session including strengthening, flexibility, neuromuscular, 
proprioception and/or aerobic activities. 

Data extraction

Data extraction from published data was performed (by MP) 
and if required, authors were contacted for further information. 
Customized data extraction forms were used to systematically 
collect information on the exercise type; duration; intensity; 
frequency; number of supervised sessions and programme 
compliance.

Assessment of risk of bias

Methodological quality of the included articles was assessed 
using the original 11-item criteria of the Physiotherapy Evidence 
Database (PEDro) scale (42). Based on previous reviews (43, 
44), the methodological quality rating system was interpreted 
as follows: a PEDro score of 9 or more indicated “excellent” 
quality, 6–8 “good” quality, 4–5 “fair”, and less than 4 indicated 
“poor” quality. 

Quantitative data synthesis

Meta-analysis was completed for studies with similar physical 
function outcomes and involving interventions with comparable 
conditioning dosage. The meta-analysis was conducted using 
the “metan” procedure in Stata (Stata Statistical Software 
2013, College Station, TX, USA: StataCorp LP). Raw mean 
post-intervention inter-group differences were employed, as 
the outcome measures were the same. Statistical significance 
level was set at p < 0.05. The study effect size was calculated 
from the raw mean difference between groups and the associa-
ted pooled standard deviation using Hedges’ g (g) (0.20, 0.50, 
> 0.80 for small, moderate and large changes, respectively (45)). 
From the study pooled standard deviation, the inverse of the 
variance provided the study weight (and thus the percentage 
study weight). A qualitative review of studies was performed 
when evidence could not be pooled.

RESULTS

Study selection

The literature search yielded 6,799 references, of which 
67 were unique trials. Twelve studies were identified 
as potential candidates, but only 3 papers satisfied all 
criteria including description of exercise mode and 
physiological stress: Gstöttner et al. (41) (n = 38), 
McKay et al. (46) (n = 22), and van Leeuwen et al. 
(47) (n = 22). Although 9 candidate studies (48–56) 
included information on intervention duration and 
frequency the intensity applied was either not stated 
at all or not in sufficient detail, which is necessary to 
replicate an intervention programme (57). Most of the 
information from these 9 excluded articles has been 
described in previously conducted reviews (37–40, 

J Rehabil Med 49, 2017
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43) and their results are therefore not reported here. As 
such, these studies will only be used to contextualize 
the findings of this review. In addition, the Villadsen 
et al. (58) study was excluded as it included patients 
with knee and hip OA, but did not provide separate 
hip and knee raw data. Fig. 1 schematically illustrates 
the search strategy used to identify trials for inclusion.

Risk of bias within studies
PEDro scores ranged between 5 and 7 out of a possible 
maximum total of 10 points. Two of the 3 studies have 
“good” methodological quality, with PEDro scores 
of 6 (41) to 7 (46). As it was not possible to blind the 
participants or the therapist from the intervention pro-
gramme, all studies scored 0 for these criteria. Table I 
provides detailed information on the methodological 
quality of the studies. 

Participant characteristics 
The mean age of participants in the included studies 
was 67.5 years (range 60.6–72.8 years) and the mean 
body mass index (BMI) was 30.0 (range 27.4–35.0). 

In addition, a mean of 59.2% were women (range 
30.0%–88.8%). All studies included participants diag-
nosed with severe knee OA, except the trial conducted 

by McKay et al. (46), which does not indicate the 
degree of severity of OA. 

Content and design of interventions 
Pre-operative intervention exercise programmes 
were based on isotonic resistance and propriocep-
tion training. Table II summarizes the exercise 
modalities and outcome measurements employed. 
McKay et al. (46) and van Leeuwen et al. (47) 
based their intervention programme on bilateral 
quadriceps strength exercises. Both studies started 
their exercise programmes 6 weeks prior to sur-
gery. McKay et al. (46) delivered the programme 
3 days/week using 2 sets of 8 repetitions, whereas 
participants in the study by van Leeuwen et al. 
(47) performed the programme 2–3 days/week, 
starting with 3 sets of 15 repetitions. van Leeuwen 
et al. (47) commenced their programme by sys-
tematically adjusting participants’ exercise load 
according to their ability to perform 3 sets of 15 
repetitions with a selected weight. If participants 
performed more or less than 15 repetitions then the 
weight for the next set was modified by ~3% per 
repetition. This study avoided 1 repetition maxi-
mum (1 RM) testing, due to potentially adverse 
pain responses, which could have led to early 
withdrawal from training. Over time, the train-
ing programme ensured a progressive overload 
by decreasing repetition and increasing weight 
intensity. However, the study by van Leeuwen 

Table I. Methodological quality of included randomized controlled 
trials

Author, year

PEDro criterion

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

Gstöttner et al. (41) ✓ ✓ ✓ × × × × ✓ ✓ ✓ ✓ 6
McKay et al. (46) ✓ ✓ ✓ ✓ × × × ✓ ✓ ✓ ✓ 7
van Leeuwen et al. (47) ✓ × × ✓ × × ✓ ✓ × ✓ ✓ 5

Note: PEDro Scale:
1. Eligibility criteria were specified
2. Subjects were randomly allocated to groups
3. Allocation was concealed
4. The groups were similar at baseline
5. There was blinding of all subjects
6. There was blinding of all therapists
7. There was blinding of all assessors
8. Measures of at least 1 key outcome were obtained from more than 85% 

of the subjects
9. Subjects for whom outcome measures were available received the treatment 

or control condition
10. Results of between-group statistical comparisons are reported
11. The study provides both point measures and measures of variability
Criterion 1 is not included in the total score

Key: ✓ yes × no.

Fig. 1. Identification of trials for inclusion in the meta-analysis. RCT: randomized 
controlled trial; OA: osteoarthritis.

6,780 records were identified by the literature 
search (913 in PubMed, 974 in EMBASE, 922 in 
the Cochrane Library, 3,904 in CINAHL, and 67 

in SPORTDiscus) 

19  potential additional records identified 
through other sources including hand 

search, google scholar 

5,842 records after duplicates removed 

5,775 records were excluded since on the basis of 
abstract and title they were not a RCT or did not 
evaluate exercise for people undergoing knee 
arthroplasty surgery 

67 full-text articles were assessed for eligibility 

64 full-text articles were excluded 
18 articles were not RCT 
4 articles assessed the effect of an educational 
intervention 
12 articles applied a post-operative intervention 
programme 
9 articles included insufficient information on exercise 
prescription 
2 articles used not a pre-exercise intervention 
programme 
4 articles were study protocols without results  
1 article did not assess participants post-operative 
1 article did not mention assessment points 
1 article combined land based and pool based 
exercises 
1 article was not in English or German language 
2 articles included patients with rheumatoid arthritis 
1 article included patients undergoing 
unicompartmental knee replacement 
1 article was a summary of an excluded article 
1 article included patients with knee and hip OA but 
separated data on the knee were not available 
2 articles were conference presentations 
3 articles had mixed interventions without sufficient 
exercise prescription 
1 article used individual exercise programmes 
without sufficient information 

3 full-text articles included 

www.medicaljournals.se/jrm
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et al. (47) did not report participants’ exact intensity 
level upon completion of the training regime. In total, 
the resistance-training group completed 12 ± 2 training 
sessions (range 11–17) and finished the programme 
with 4 sets of 8 repetitions. Three participants out 
of 11 participants in the intervention group required 
small changes to their intensity level due to pain, but 
detailed information regarding these changes was 
not reported. The study by McKay et al. (46) started 
the training regime at 60% of participants’ 1 RM and 
progressed intensity by 1–2 kg/week. All participants 
demonstrated training progression from baseline to 
follow-up, with mean increases in maximum train-
ing load of 33% (range 17%–67%) for leg press, 
49% (range 0%–113%) for leg curl, and 86% (range 
0%–167%) for leg extension. Similar to the study by 
van Leeuwen et al. (47) the research by McKay et al. 
(46) did not provide the exact level of participants’ 
training intensity when completing the intervention.

Gstöttner et al. (41) based their intervention pro-
gramme on bilateral proprioception training 6 weeks 
prior to surgery. Each exercise was performed 10–15 
times and the programme progressed from performan-
ces on the hard floor to different mats of varying height 
and material compliance characteristics. In addition, 
the exercises started with eyes open and were repeated 
with eyes closed. However, the trial by Gstöttner et al. 

(41) does not report further details on how many people 
were able to progress and to what level. 

In addition to their supervised interventions, 2 of 
the trials also encouraged their participants to perform 
exercises at home (41, 47). Participants in the van 
Leeuwen et al. (47) study completed step-up and squat 
exercises 2–3 days/week; however, the number of re-
petitions and participant adherence were not reported. 
The study by Gstöttner et al. (41) engaged participants 
in daily home-based proprioception training. 

Synthesis of results

The primary outcome of isometric quadriceps strength, 
as an established performance-based measure, offered 
by McKay et al. (46) and van Leeuwen et al. (47) 
facilitated limited scrutiny by meta-analysis of the 
influence of pre-surgery conditioning on post-operative 
outcome. However, the secondary outcome measures 
from the studies included in this review proved too 
varied to permit pooling of results and quantitative 
analysis by meta-analysis. Table III summarizes Hed-
ges’ g and confidence interval results for each self-
reported outcome measurement used for assessing 
the relative effect between groups at pre-determined 
study’ end-points. Similarly, Tables IV shows values 
of the objective instruments of each individual study.

Table III. Relative effect sizes (Hedges’ g) on resistance and proprioception training: self-reported measuresa

Study type Study
Outcome 
measure Item Group

Baseline 
Mean (SD)

6-week post-
operative
Mean (SD)

12-week post-
operative
Mean (SD)

Hedges’ g
6 week

95% CI
 6 week 

Hedges’ g 
12 week 

95% CI  
12 week 

Resistance 
training

van Leeuwen 
et al. (47) WOMAC Total scoreb,c TG 64 (11) 70 (16) 83 (15)

–0.63 –23.9, 5.9 –0.86 –22.6, 2.6CG 67 (11) 79 (11) 93 (4)
Resistance 
training 

McKay et al. 
(46) WOMAC Paind TG 10.80 (2.20) 5.60 (2.72) 4.40 (3.20)

0.18 –2.9, 4.3 0.21 –3.3, 4.9CG 11.92 (3.58) 4.92 (4.50) 3.58 (4.40)
WOMAC Functiond TG 33.70 (11.80) 18.10 (11.85) 13.10 (11.56)

–0.08 –14.3, 12.1 –0.09 –15.9, 13.5CG 40.25 (4.99) 19.17 (15.01) 14.33 (15.42)
SF-36e,g PCSc TG 26.85 (7.01) 31.79 (8.25) 41.25 (10.06)

0.27 –5.3, 9.2 0.65 –3.9, 16.8CG 24.24 (4.52) 29.80 (6.71) 34.83 (9.78)
Proprioception 
training

Gstöttner et 
al. (41) WOMAC Painf TG 2.98 (1.6) 1.3 (1.1)

0.31 –0.4, 1.04CG 4.4 (1.9) 0.98 (0.99)
WOMAC Stiffnessf TG 3.1 (2.4) 1.5 (1.5)

0.26 –0.6, 1.4CG 4.7 (1.6) 1.1 (1.5)
WOMAC Functionf TG 2.0 (1.4) 1.2 (1.2)

–0.64 –1.5, 0.1CG 3.7 (1.8) 1.9 (1.0)
KSSc TG 55.5 (17.2) 82.5 (19.2)

0.10 –10.8, 14.6CG 47.4 (6.9) 80.6 (17.5)
KSS Functionc TG 72.7 (15.1) 74.3 (14.6)

0.03 –10.3, 11.1CG 70.6 (17.8) 73.9 (15.9)

aThese figures are calculated on the assumption of sample independence without consideration of inflation and deflation. Values are represented as mean and 
standard deviation (SD). 
bWOMAC total score: pain, stiffness and function subscale. 
cScores were transformed to a 0–100 scale, where a 100 score indicates the best quality of life.
dItems were rated using a 5-point Likert scale (0–4), with lower scores expressing lower symptom or disability level. 
eSF-36 PCS: 36-item Short Form Health Survey – physical component summary. 
fItems were rated using a 11-point scale, with 0 indicating no symptoms or disability and 11 extreme symptoms or disability. 
gStudy included the Arthritis Self-efficacy scale and Short Form-36 mental component summary. The results of these measurements will not be mentioned, as 
this is not within the scope of this review. 
CI: confidence interval.
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Results of the meta-analysis of the primary outcome 
(Fig. 2) revealed that, compared with controls, preha-
bilitative exercise involving resistance training offered 
no additional gains in isometric quadriceps muscle 
strength at 6 and 12 weeks post-operatively. Effect size 
calculations (g) for secondary outcomes presented in 
Table III demonstrate that resistance training had small 
to moderate effects on the Western Ontario and Mc-
Master Universities Osteoarthritis Index (WOMAC) 
(pain, function, total score) and Medical Outcomes 
Study Short Form 36 (SF-36) outcomes at 6 weeks 
and small to large effects at 12 weeks post-operatively. 
Table IV shows that effect sizes for physiological 
measures (double torque, voluntary muscle activation, 
maximal voluntary torque) and physical performance 
measures of function (5 times sit to stand test, stair 
climb test, 60 m walk test, 6 min walk test) illustrated 
small to moderate effects at week 6 and small to large 
effects at week 12 post-operatively.

Proprioceptive exercise training 
elicited significantly enhanced 
post-operative gains in function for 
indices of standing balance (overall 
and antero-posterior stability index) 
6 weeks after surgery (Table IV). 
Moderate effect sizes for physical 
performance measure of function 
were observed (Table IV). Similarly, 
moderate effects were observed for 
pain, function and stiffness subsca-
les of the WOMAC, while small ef-
fects were seen for the Knee Society 
Score (KSS) at 6 weeks (Table III). 

DISCUSSION

This systematic review located 3 
RCTs focusing on the effect of pre-
operative exercise (which described 
the applied physiological stress 
sufficiently) on post-operative TKA 
function. Pooling of studies’ data 
indicate that the trials presented 
expected patterns for perceived 
functional recovery following TKA. 
Physiological measures and physical 
performance measures of function 
demonstrated anticipated functional 
decline 6 weeks post-surgery and 
tendency of improvement at week 
12. However, prehabilitative exer-
cise involving resistance training 
offered no additional gains in iso-
metric quadriceps muscle strength 
at 6 and 12 weeks post-operatively, 

but prehabilitative exercise involving proprioceptive 
training elicited significantly enhanced post-operative 
gains in function for indices of standing balance. 

Overall, the included studies demonstrated “good” 
methodological quality according to the PEDro scale, 
with the main limitation being lack of blinding of parti-
cipants and therapists. In addition, 2 of the studies were 
not able to blind the assessors; potentially presenting 
a source of bias, which may have influenced study 
findings. However, the sample sizes of the included 
studies were relatively small, indicating that they may 
have insufficient statistical power to prevent occurrence 
of a type II error and identify subtle changes in physical 
function. A further factor that may have influenced the 
results in the studies on resistance training is that both 
studies (46, 47) allowed their control group to perform 
exercises. Even though a placebo intervention would 
have been ideal, a study design involving a credible 

Fig. 2. Forest plot of the effect of pre-surgery resistance training on isometric quadriceps 
muscle strength (A) 6 weeks and (B) 12 weeks post-operatively. Weights are from a random-
effects analysis. Effects are shown with 95% confidence interval (95% CI). WMD: weighted 
mean difference.

www.medicaljournals.se/jrm
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non-exercise control group was deemed unrealistic by 
the authors. This option may have potentially preven-
ted functional decline in the control group during the 
pre-operative period as observed in previous studies 
(54, 59, 60). Another methodological limitation of the 
included studies was that although the papers detailed 
the applied physiological stress (i.e. mode, frequency, 
intensity and duration) of pre-operative exercise pro-
grammes, heterogeneity of exercise type and intensity, 
as well as lack of information regarding verification of 
exercise delivery hindered further analysis that might 
delineate a possible dose-response relationship. 

Resistance training

Quadriceps strength is one of the largest contributing 
factors to physical function of people with knee OA 
(35, 46, 61); however, the pre-operative resistance 
training applied in the studies reviewed here failed to 
demonstrate beneficial effects in increasing isometric 
quadriceps strength, reducing functional limitations, 
and accelerating post-operative recovery. Nevertheless, 
several aspects need to be considered with respect to 
the conclusion that can be drawn from the included 
studies (46, 47).

The study conducted by McKay et al. (46) followed 
the recommendations of the ACSM’s guidelines (57) 
for older adults and highly deconditioned persons, 
wherein an exercise regime of ≥1 set of 10–15 repe-
titions of moderate intensity (i.e. 60%–70% 1 RM) 
should be applied. However, it appears that the overall 
exercise conditioning dosage had not been sufficiently 
potent (57, 62). Results of a previous study indicate that 
8 weeks of resistance exercise are required to produce 
large improvements (effect sizes ranging between 
0.64–3.13) in self-reported pain and function, and 
objective measures including walking time and muscle 
torque of patients with knee OA (14). Therefore, the 
6-week resistance training protocols of the studies 
included for review may not have been long enough 
to achieve improvements in physical function, which 
can be maintained through the post-operative period. 
In addition, to improve muscle strength, muscle mass 
and (to an extent) endurance, programmes of condi-
tioning focusing on regular exposure to stimuli for 
adaptation involving a resistance of ~ 60% to 80% of 
the individual’s 1 RM and titratable progression are 
required (57, 62). The exercise stimulus of 60% of 1 
RM prescribed by McKay et al. (46) was at the lower 
end of this intensity range, which may still potenti-
ally confer beneficial physiological effects, but could 
be below the threshold necessary to elicit functional 
improvements. 

Similar findings were reported in the systematic re-
view of Hoogeboom et al. (37). Hoogeboom et al. (37) 

estimated the exercise intensity of the included studies 
by calculating the metabolic equivalents (METs) using 
the Compendium of Physical Activities (63) and mul-
tiplying the intensity in METs by time spent exercising. 
The review found that only one study out of 9, focusing 
on participants undergoing TKA, reported a supervised 
exercise dose greater than the recommended weekly 
amount of physical activity (10 METs/h/week).

Furthermore, even though there is evidence that 
people with arthritis appear to have negative altera-
tions in their neuromuscular performance capabilities, 
the level of deconditioning prior to TKA surgery is 
still not known. People with severe OA demonstrate 
cardiorespiratory deconditioning with reduced peak 
oxygen consumption levels (12.8 ± 3.7 ml/kg/min) (64). 
Although cardiorespiratory fitness of asymptomatic 
controls in the knee sub-population of the study was ge-
nerally low, VO2 peak of individuals with knee OA was, 
in mean, a worrying 27% lower (65). As cardiorespira-
tory function declines, it is plausible that neuromuscular 
deconditioning occurs in tandem or shortly thereafter. 
Given that the level of deconditioning in people awai-
ting TKA is not known, and cannot be ascertained with 
certainty from the current evidence in the literature, it 
is plausible that protocols of conditioning involving 
relatively intensive exercise (>75% RM (66)) would 
be required to potentially elicit physiological gains, 
maintain functional capacity in the “lead-up” to surgery 
and counter the stressor of TKA surgery.

Exercise programme compliance in the prehabilita-
tion study of McKay et al. (46) was very good (98%) 
with all participants able to increase their workload 
over time. This result is comparable to research that 
showed that progressive explosive-type resistance 
training is feasible in people awaiting hip replacement 
surgery, with a high (93%) level of adherence and ac-
ceptable exercise-related pain (67). Similar adherence 
has been reported for high-intensity resistance training 
in patients with medial compartment knee OA and 
malalignment (68). Therefore, it is speculated that 
higher intensity training could potentially be tolerated 
by this clinical population. Monitoring intervention 
dosage is essential to achieve and maintain ideal ex-
ercise dosage (69). McKay et al. (46) increased the 
intensity by 1–2 kg/week, as tolerated by the partici-
pant, but this study did not perform weekly measures 
of 1 RM for accurately titrated progression to ensure 
sufficient workload dosage. The study conducted by 
van Leeuwen et al. (47) fails to report the exact infor-
mation concerning participants’ compliance, intensity 
progression, adjustments and verification of dosage 
delivery, and hence, judgment on optimal exercise 
stress is not possible. 

A further aspect that could have influenced the re-
duced effects illustrated in the studies is arthrogenic 

J Rehabil Med 49, 2017
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muscle inhibition (AMI), which is a presynaptic reflex 
inhibition affecting the musculature surrounding a 
joint following damage to the structure (70). Qua-
driceps AMI contributes to muscle atrophy, and can 
delay or even prevent effective strengthening (27). 
Notably, more than half of quadriceps strength loss 
can be explained by an increase in AMI 3–4 weeks 
following TKA surgery (71). Furthermore, researchers 
have observed higher quadriceps activation deficits in 
women (64, 72) and in people with moderate (stage 
II) OA, compared with those with greater (stage IV) 
deterioration (73). In addition, swelling is identified as 
a significant factor influencing quadriceps AMI (26, 27, 
74), and is often perennial in arthritic conditions (27). 
Swelling can also increase the intra-articular pressure 
(IAP) and can increase the discharge of neurones with 
large, myelinated axons (group II afferents) (27). The-
refore, the degree of AMI is regulated according to the 
joint angle and the amount of swelling that is present; 
the greater the swelling, the stronger the relationship 
between joint angle and inhibition (27). Studies point 
out that a knee angle of 30–50° has a low IAP, and sub-
sequently, this position is recommended to allow more 
effective quadriceps strengthening (75–77). However, 
some studies argue that although exercising the qua-
driceps in an inner range may indeed reduce the IAP, it 
may also result in ineffective training due to the knee 
not being maximally contracted (78, 79). Nevertheless, 
considering the length-tension relationship (80), it is 
likely that a more favourable degree of myofilament 
and contractile protein overlap occurs at 45° rather than 
25° (81), hence an increase in muscle specificity may 
take place. The studies included in this proposed re-
view do not report information pertaining to the amount 
of swelling exhibited, and the knee angles, which have 
been used during the exercise intervention program-
mes. Nonetheless, the aforementioned aspects may be 
important to consider when designing an adequately 
dosed exercise protocol, which aims to overcome neu-
romuscular alterations in patients undergoing TKA and 
improve physical function post-operatively. 

Proprioceptive training
The application of 6 weeks’ pre-operative proprio-
ceptive training conducted by Gstöttner et al. (41) led 
to improvements in standing balance. However, the 
results of this study should be interpreted with caution 
because participants in the control group were, in mean, 
5.9 years younger than those in the treatment group. 
This is important because muscle strength declines, 
in mean, by 4.5%–5% every 5 years after the age of 
65 years (82, 83). Crucially, impairments in muscle 
strength correlate with balance (84) and risk of falls 
(85). It is possible that a group in which age-related 

declines in muscle function and balance might be 
more apparent may demonstrate a greater response to 
proprioceptive training. 

The proposed review illustrates that the hierarchy 
of importance with regards to pre-operative exercise 
content is still not known. Interventions other than 
resistance and proprioceptive training, such as neu-
romuscular training, which aims to improve joint 
stability and sensorimotor/neuromuscular control 
(86), may improve post-surgical physical function. 
The study by Villadsen et al. (58) was excluded from 
this review as raw data for the knee OA subgroup were 
not accessible. However, the authors’ neuromuscular 
intervention programme offers a functional task-
oriented approach that includes strength, coordination, 
balance and proprioceptive exercises that may also be 
beneficial. Nevertheless, the present review is unable 
to comment on verification of dosage delivery and 
efficacy of exercise stress in this trial.

Limitations of the systematic review
The present review adds to the current literature the 
most comprehensive accumulation of published evi-
dence regarding the post-operative effectiveness and 
dose-response characteristics of pre-surgical exercise 
programmes (detailing applied physiological stimulus) 
in people undergoing TKA. The strength of this sys-
tematic review is that it followed the PRISMA guide-
lines and included only RCTs, which should increase 
confidence in the results as findings are expected to be 
less subject to bias.

Several factors must be considered with respect to 
the conclusions that can be drawn from this systematic 
review. Although a wide-ranging literature search for 
eligible studies was conducted, other studies may exist. 
Study selection was based on predetermined inclusion 
criteria, and only the main author assessed full-text ar-
ticles for eligibility, potentially introducing bias in study 
selection, which may have been alleviated with a second 
assessor. This review includes patients receiving TKA 
with diagnosed knee OA. Therefore, it is not clear the 
extent to which these findings are generalizable with re-
gard to pre-operative intervention exercises for patients 
undergoing surgery due to other knee joint pathologies. 
In addition, while pain and functionality outcomes were 
evaluated, no study formally assessed other important 
aspects, such as medication requirements. 

Conclusion
Despite a potential for efficacy of exercise-based con-
ditioning, this systematic review with meta-analysis 
highlights the scarcity of robust dose-response evi-
dence to guide the formulation of TKA prehabilitation.

www.medicaljournals.se/jrm
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In accordance with existing studies reporting that the 
potential waiting time for surgery not only represents a 
significant burden for patients (87, 88), but also results 
in deterioration regarding pain, functional limitations 
and QoL (which in turn affect post-operative outcomes) 
(89–91), an optimally dosed pre-operative intervention 
programme may reduce physiological de-conditioning 
and deterioration of physical function prior to surgery 
and potentially accelerate post-operative recovery. 
While this idea is plausible, lack of published evidence 
about prehabilitation “composition”, tolerance by pa-
tients, individually-optimized dosing, potency of phy-
siological stress-related stimulus and responsiveness, 
means that these aspirations are currently untested. 
Future adequately powered research with appropriately 
dosed and completely described interventions needs to 
address these aspects before clinical recommendations 
can be made with regard to the mode and delivery of 
TKA prehabilitation.

ACKNOWLEDGEMENTS

The authors wish to thank Sean Prescott for technical help and 
advice during preparation of the manuscript.

REFERENCES
1. Magee DJ, Zachazewski JE, Quillen WS. Pathology and 

intervention in musculoskeletal rehabilitation. Missouri: 
Saunders Elsevier; 2009.

2. NHS Scotland. Scottish Arthroplasty Project Annual Report. 
2009 [cited 2010 Mar 2]. Available from: http://www.
arthro.scot.nhs.uk/Reports/Scottish_Arthroplasty_Pro-
ject_Report_2009.pdf.

3. Dakin H, Gray A, Fitzpatrick R, Maclennan G, Murray D. 
Rationing of total knee replacement: a cost-effectiveness 
analysis on a large trial data set. BMJ 2012; 2: 1–11.

4. Navarro Espigares JL, Hernandez Torres E. Cost-outcome 
analysis of joint replacement: evidence from a Spanish 
public hospital. Gac Sanit 2008; 22: 337–343.

5. Losina E, Walensky RP, Kessler CL, Emrani PS, Reichmann 
WM, Wright EA et al. Cost-effectiveness of total knee 
arthroplasty in the United States: patient risk and hospital 
volume. Arch Intern Med 2009; 169: 1113–1121.

6. Maravic M, Landais P. Usefulness of a national hospital da-
tabase to evaluate the burden of primary joint replacement 
for coxarthrosis and gonarthrosis in patients aged over 40 
years. Osteoarthr Cartil 2006; 14: 612–615. 

7. March LM, Bagga H. Epidemiology of osteoarthritis in 
Australia. Med J Aust 2004; 180: 6–10.

8. Ethgen O, Bruyere O, Richy F, Dardennes C, Reginster JY. 
Health-related quality of life in total hip and total knee 
arthroplasty. A qualitative and systematic review of the 
literature. J Bone Joint Surg 2004; 86: 963–974.

9. Hassan BS, Mockett S, Doherty M. Static postural sway, 
proprioception and maximal voluntary quadriceps contrac-
tion in patients with knee osteoarthritis and normal control 
subjects. Ann Rheum Dis 2001; 60: 612–618. 

10. Maffiuletti N, Bizzini M, Widler K, Munzinger U. Asymmetry 
in quadriceps rate of force development as a functional 
outcome measure in TKA. Clin Ortho Relat Res 2010; 
468: 191–198. 

11. Vahtrik D, Gapeyeva H, Aibast H, et al. Quadriceps femoris 
muscle function prior and after total knee arthroplasty in 

women with knee osteoarthritis. Knee Surg Sports Trau-
matol Arthrosc 2012; 20: 2017–2025.

12. Valtonen A, Poeyhoenen T, Heinonen A, Sipilae S. Muscle 
deficits persist after unilateral knee replacement and have 
implications for rehabiliation. Phys Ther 2009; 1072–1079. 

13. Zeni JA, Snyder-Mackler L. Early postoperative measures 
predict 1- and 2-year outcomes after unilateral total knee 
arthroplasty: importance of contralateral limb strength. 
Phys Ther 2010; 90: 43–54. 

14. Jan MH, Lin JJ, Liau JJ, Lin YF, Lin DH. Investigation of 
clinical effects of high- and low-resistance training for 
patients with knee osteoarthritis: a randomized controlled 
trial. Phys Ther 2008; 88: 427–436. 

15. Hurley MV, Scott DL, Rees J, Newman DJ. Sensorimotor 
changes and functional performances in patients with 
knee osteoarthritis. Ann Rheum Dis 1997; 56: 641–648.

16. Tarigan TJ, Kasjmir YI, Atmakusuma D, Lydia A, Bashirud-
din J, Kusumawijaya K, et al. The degree of radiographic 
abnormalities and postural instability in patients with knee 
osteoarthritis. Acta Med Indones 2009; 41: 15–19.

17. Berth A, Urbach D, Awiszus F. Improvement of voluntary 
quadriceps muscle activation after total knee arthroplasty. 
Arch Phys Med Rehabil 2002; 83: 1432–1436. 

18. Huang CH, Cheng CK, Lee YT, Lee, KS. Muscle strength 
after successful total knee replacement: a 6- to 13-year 
follow up. Clin Orthop Relat Res 1996; 147–154.

19. Silva M, Shepherd EF, Jackson WO, Pratt JA, McClung CD, 
Schmalzried TP. Knee strength after total knee arthro-
plasty. J Arthroplasty 2003; 18: 605–611. 

20. Walsh M, Woodhouse LJ, Thomas SG, Finch E. Physical 
impairments and functional limitations: a comparison of 
individuals 1 year after total knee arthroplasty with control 
subjects. Phys Ther 1998; 78: 248–258.

21. Piva S, Gil AB, Almeida GJM, Di Gioia AM, Levison TJ, 
Fitzgerald GK. A balance exercise program appears to 
improve function for patients with total knee arthroplasty: 
a randomized clinical trail. Phys Ther 2010; 90: 880–894. 

22. Rätsepsoo M, Gapeyeva H, Vahtrik D, et al. Knee pain and 
postural stability in women with gonarthrosis before and 
six months after unilateral total knee replacement. Acta 
Kinesiologiae Universitatis Tartuensis 2011; 17: 175–186.

23. Swinkels A, Newman JH, Allain TJ. A prospective observa-
tional study of falling before and after knee replacement 
surgery. Age Ageing 2009; 38: 175–181. 

24. Thewlis D, Hillier S, Hobbs S, Richards J. Preoperative 
asymmetry in load distribution during quite stance per-
sist following total knee arthroplasty. Knee Surg Sports 
Traumatol Arthrosc 2014; 22: 609–614. 

25. Palmieri RM, Ingersoll CC, Hoffman MA, Cordova ML, Porter 
DS, Edwards JE. Arthrogenic muscle response to a simula-
ted ankle joint effusion. Br J Sports Med 2004; 38: 26–30. 

26. Palmieri RM, Tom JA, Edwards JE, et al. Arthrogenic muscle 
response induced by an experimental knee joint effusion 
is mediated by pre- and post-synaptic spinal mechanisms. 
J Electromyogr Kinesiol 2004; 14: 631–640. 

27. Rice DA, McNair PJ. Quadriceps arthrogenic muscle inhi-
bition: neural mechanisms and treatment perspectives. 
Semin Arthritis Rheum 2010; 40: 250–266. 

28. Fransen M, McConnell S. Exercise for osteoarthritis of the 
knee (Review). Cochrane Libr 2008; 4: 1–93.

29. Fransen M, McConnell S. Land-based exercise for osteo-
arthritis of the knee: a meta-analysis of randomised con-
trolled trials. J Rheumatol 2009; 36: 1109–1117. 

30. Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma 
JWJ, Dieppe P. EULAR Recommendations 2003: an evi-
dence based approach to the management of knee osteo-
arthritis: Report of a Task Force of the Standing Committee 
for International Clinical Studies Including Therapeutic 
Trials (ESCISIT). Ann Rheum Dis 2003; 62: 1145–1155.

31. Zhang W, Moskowitz RW, Nuki G, et al. OARSI recommen-
dations for the management of hip and knee osteoarthritis, 
Part III: changes in evidence following systematic cumula-
tive update of research published through January 2009. 

J Rehabil Med 49, 2017



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

314 M. A. Peer et al.

Osteoarthr Cartil 2010; 18: 476–499.
32. Bennell KL, Hinman RS. A review of the clinical evidence 

for exercise in osteoarthritis of the hip and knee. J Sci 
Med Sport 2011; 14: 4–9. 

33. Jones CA, Voaklander DC, Suarez-Almazor ME. Determi-
nants of function after total knee arthroplasty. Phys Ther 
2003; 83: 696–706.

34. Lingard EA, Katy JN, Wright EA, Sledge CB. Predicting the 
outcome of total knee arthroplasty. J Bone Joint Surg Am 
2004; 86: 2179–2186.

35. Mizner RL, Petterson SC, Snyder-Mackler L, Stevens JE, 
Axe MJ. Preoperative quadriceps strength predicts fun-
ctional ability one year after total knee arthroplasty. J 
Rheumatol 2005; 32: 1533–1539.

36. Gawel JA, Brown SE, Collins JC, McCallum C. Does pre-
operative physical therapy improve post-surgical outco-
mes of patients undergoing a total knee and/or total hip 
arthroplasty? A systematic review. Physiother Pract Res 
2013; 34: 9–20.

37. Hoogeboom TJ, Oosting E, Vriezolk JE, et al. Therapeutic 
validity and effectiveness of preoperative exercise on 
functional recovery after joint replacement: a systematic 
review and meta-analysis. PLoS One 2012; 7: 1–13. 

38. Kwok IHY, Paton B, Haddad FS. Does pre-operative 
physiotherapy improve outcomes in primary total knee 
arthroplasty? – a systematic review. J Arthroplasty 2015; 
30: 1657–1663.

39. Simmons L, Smith T. Effectiveness of pre-operative phy-
siotherapy-based programmes on outcomes following total 
knee arthroplasty: a systematic review and meta-analysis. 
Phys Ther Rev 2013; 18: 1–10.

40. Wallis JA, Taylor NF. Pre-operative interventions (non-
surgical and non-pharmacological) for patients with hip or 
knee osteoarthritis awaiting joint replacement surgery – a 
systematic review and meta-analysis. Osteoarthr Cartil 
2011; 19: 1381–1395. 

41. Gstöttner M, Raschner C, Dirnberger E, Leimser H, Krismer 
M. Preoperative proprioceptive training in patients with 
total knee arthroplasty. Knee 2011; 18: 265–270. 

42. Sherrington C, Herbert RD, Maher CG, Moseley AM. PEDro: 
a database of randomized trials and systematic reviews in 
physiotherapy. Man Ther 2000; 5: 223–226. 

43. Gill SD, McBurney H. Does exercise reduce pain and improve 
physical function before hip or knee replacement surgery? 
A systematic review and meta-analysis of randomized con-
trolled trials. Arch Phys Med Rehabil 2013; 94: 164–176. 

44. Valkenet K, van de Port IGL, Dronkers JJ, De Vries WR, 
Lindeman E, Backx FJG. The effects of preoperative ex-
ercise therapy on postoperative outcome: a systematic 
review. Clin Rehabil 2011; 25: 99–111. 

45. Hedges LV, Olkin I. Statistical methods for meta-analysis. 
San Diego: Academic Press; 1985.

46. McKay C, Prapavessis H, Doherty T. The effect of a pre-
habilitation exercise program on quadriceps strength for 
patients undergoing total knee arthroplasty: a randomized 
controlled pilot study. PM R 2012; 4: 647–656. 

47. Van Leeuwen DM, De Ruiter CJ, Nolte PA, De Haan A. Pre-
operative strength training for elderly patients awaiting to-
tal knee arthroplasty. Rehabil Res Pract 2014; 2014: 1–9. 

48. Beaupre LA, Lier D, Davies DM, Johnston DB. The effect of a 
preoperative exercise and education program on functional 
recovery, health related quality of life, and health service 
utilization following primary total knee arthroplasty. J 
Rheumatol 2004; 31: 1166–1173.

49. Brown K, Topp R, Brosky JA, Lajoie AS. Prehabilitation and 
quality of life three months after total knee arthroplasty: 
a pilot study. Percept Mot Skill 2012; 115: 765–774. 

50. D’Lima DD, Colwell CW, Morris BA, Hardwick ME, Kozin F. The 
effect of preoperative exercise on total knee replacement 
outcomes. Clin Orthop Relat Res 1996; 326: 174–182.

51. Evgeniagis G, Beneka A, Malliou P, Mavromoustakos S, 
Godolias G. Effects of pre- or postoperative therapeutic 
exercise on the quality of life, before and after total knee 

arthroplasty for osteoarthritis. J Back Musculoskelet Re-
habil 2008; 21: 161–169.

52. Huang SW, Chen PH, Chou YH. Effects of a preoperative 
simplified home rehabilitation education program on 
length of stay in total knee arthroplasty patients. Orthop 
Traumatol Surg Res 2012; 98: 259–264. 

53. Matassi F, Duerinckx J, Vandenneucker H, Bellemans J. 
Range of motion after total knee arthroplasty: the effect of 
a preoperative home exercise program. Knee Surg Sports 
Traumatol Arthrosc 2014; 22: 703–709. 

54. Rooks DS, Huang J, Bierbaum BE, et al. Effect of preope-
rative exercise on measures of functional status in men 
and women undergoing total hip and knee arthroplasty. 
Arthritis Care Res 2006; 55: 700–708.

55. Tungtrongjit Y, Weingkum P, Saunkool P. The effect of 
preoperative quadriceps exercise on functional outcome 
after total knee arthroplasty. J Med Assoc Thai 2012; 95 
Suppl 10: S58–S66.

56. Williamson L, Wyatt MR, Yein K, Melton JRK. Severe knee 
osteoarthritis: a randomized controlled trial of acupunc-
ture, physiotherapy (supervised exercise) and standard 
management for patients awaiting knee replacement. 
Rheumatology 2007; 46: 1445–1449. 

57. American College of Sports Medicine. ACSM’s guidelines for 
exercise testing and prescription. 8th edn. Philadelphia: 
Wolters Kluwer, Lippincott Williams & Wilkin; 2010.

58. Villadsen A, Overgaard S, Holsgaard-Larsen A, Christen-
sen R, Ross EM. Postoperative effects of neuromuscular 
exercise prior to hip or knee arthroplasty: a randomised 
controlled trial. Ann Rheum Dis 2014; 73: 1130–1137. 

59. Swank AM, Kachelman JB, Bibeau W, et al. Prehabilitation 
before total knee arthroplasty increases strength and fun-
ction in older adults with severe osteoarthritis. J Strength 
Cond Res 2011; 25: 318–325. 

60. Topp R, Swank AM, Quesada PM, Nyland J, Malkani A. The 
effect of prehabilitation exercise on strength and functio-
ning after total knee arthroplasty. PM R 2009; 1: 729–735. 

61. Alnahdi AH, Zeni JA, Snyder-Mackler L. Muscle impairments 
in patients with knee osteoarthritis. Sports Health 2012; 
4: 284–292. 

62. Evans WJ. Exercise training guidelines for the elderly. Med 
Sci Sports Exerc 1999; 31: 12–17.

63. Ainsworth BE, Haskell WL, Herrmann SD, et al. 2011 
Compendium of Physical Activities: a second update of 
codes and MET values. Med Sci Sports Exerc 2011; 43: 
1575–1581. 

64. Petterson SC, Raisis L, Bodenstab A, Snyder-Mackler L. 
Disease-specific gender differences among total knee 
arthroplasty candidates. J Bone Joint Surg Am 2007; 89: 
2327–2333.

65. Philbin EF, Groff GD, Ries MD, Miller TE. Cardiovascular 
fitness and health in patients with end-stage osteoarthritis. 
Arthritis Rheum 1995; 38: 799–805.

66. Steib S, Schoene D, Pfeifer K. Dose-response relationship 
of resistance training in older adults: a meta-analysis. Med 
Sci Sports Exerc 2010; 42: 902–914.

67. Hermann A, Holsgaard-Larsen A, Zerahn B, Mejdahl S, 
Overgaard S. Preoperative progressive explosive-type 
resistance training is feasible and effective in patients 
with hip osteoarthritis scheduled for total hip arthroplasty 
– a randomized controlled trial. Osteoarthrit Cartil 2016; 
24: 91–98.

68. King LK, Birmingham TB, Kean CO, Jones IC, Bryant DM, 
Giffin JR. Resistance training for medial compartment knee 
osteoarthritis and malalignment. Med Sci Sports Exerc 
2008; 40: 1376–1384.

69. Glaszious P, Irwig L, Mant D. Monitoring in chronic disease: 
a rational approach. BMJ 2005; 330: 644–648. 

70. Hopkins JT, Ingersoll CD. Arthrogenic muscle inhibition: 
a limiting factor in joint rehabilitation. J Sport Rehabil 
2000; 9: 135–159.

71. Stevens JE, Mizner RL, Snyder-Mackler L. Quadriceps 
strength and volitional activation before and after total 

www.medicaljournals.se/jrm



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

315Pre-surgery exercise and post-operative function in TKA

knee arthroplasty for osteoarthritis. J Orthop Res 2003; 
21: 775–779. 

72. Fitzgerald GK, Piva SR, Irrgang JJ, Bouzubar F, Starz 
TW. Quadriceps activation failure as a moderator of the 
relationship between quadriceps strength and physical 
function in individuals with knee osteoarthritis. Arthritis 
Rheum 2004; 51: 40–48.

73. Pap G, Machner A, Awiszus F. Strength and voluntary 
activation of the quadriceps femoris muscle at different 
severities of osteoarthritic knee joint damage. J Orthop 
Res 2004; 22: 96–103. 

74. Hopkins JT, Ingersoll CD, Krause BA, Edwards JE, Cordova 
ML. Effect of knee joint effusion on quadriceps and soleus 
motoneuron pool excitability. Med Sci Sports Exerc 2001; 
33: 123–126.

75. Alexander C, Caughey D, Withy S, Van Puyumbroeck E, 
Munoz D. Relation between flexion angle and intraarticular 
pressure during active and passive movement of the nor-
mal knee. J Rheumatol 1996; 23: 889–895.

76. Jensen K, Graf BK. The effects of knee effusion on qua-
driceps strength and knee intraarticular pressure. Arth-
roscopy 1993; 9: 52–56.

77. Wood L, Ferrell WR, Baxendale RH. Pressures in normal 
and acutely distended human knee joints and effects on 
quadriceps maximal voluntary contractions. Q J Exp Physiol 
1988; 73: 305–314. 

78. Jones DW, Jones DA, Newham DJ. Chronic knee effusion 
and aspiration: the effect on quadriceps inhibition. Br J 
Rheumatol 1987; 26: 370–374. 

79. Marks R. The effect of isometric quadriceps strength train-
ing in mid-range for osteoarthritis of the knee. Arthritis 
Care Res 1993; 6: 52–56.

80. McComas AJ. Skeletal muscle: form and function. Cham-
paign IL USA: Human Kinetics; 1996.

81. Minshull C, Rees D, Gleeson NP. Joint angle affects volitio-
nal and magnetically-evoked neuromuscular performance 
differentially. J Electromyogr Kinesiol 2011; 21: 672–677. 

82. Gomez-Cabello A, Carnicero JA, Alonso-Bouzon C, et 
al. Age and gender, two key factors in the associations 

between physical activity and strength during the ageing 
process. Maturitas 2014; 78: 106–112. 

83. Pedrero-Chamizo R, Gomez-Cabello A, Delgado S, et al. 
Physical fitness level among independent non-institutio-
nalized Spanish elderly: the elderly EXERNET multi-center 
study. Arch Gerontol Geriatr 2012; 55: 406–416.

84. Wolfson L, Judge J, Whipple R, King M. Strength is a ma-
jor factor in balance, gait, and the occurrence of falls. J 
Gerontol A Biol Sci Med Sci 1995; 50A: 64–67. 

85. Trudelle-Jackson EJ, Jackson AW, Morrow JR. Muscle 
strength and postural stability in healthy, older women: 
implications for fall prevention. J Phys Act Health 2006; 
3: 292–303.

86. Ageberg E, Link A, Roos EM. Feasibility of neuromuscular 
training in patients with severe hip or knee OA: the indi-
vidualized goal-based NEMEX-TJR training program. BMC 
Musculoskelet Disord 2010; 11: 1–7. 

87. Ackerman IN, Graves SE, Wicks IP, Bennell KL, Osborne 
RH. Severely compromised quality of life in women and 
those of lower socioeconomic status waiting for joint re-
placement surgery. Arthritis Rheum 2005; 5: 653–658.

88. Kelly KD, Voaklander DC, Johnston DW, Newman SC, 
Suarez-Almazor ME. Change in pain and function while 
waiting for major joint arthroplasty. J Arthroplasty 2001; 
16: 351–359. 

89. Ashworth A, Brulé C, Day A, Harrison M, Hopman W, 
Rudan J. The development of an orthopedic waiting list 
algorithm for elective total hip and total knee replacement 
surgery. Canadian Health Services Research Foundation 
2002 Jan: p. 1–36.

90. Desmeules F, Dionne CE, Bourbonnais R, Fremont P, 
Belzile EL. The impacts of pre-surgery wait for total knee 
replacement on pain, function and health-related quality 
of life six months after surgery. J Eval Clin Pract 2012; 
18: 111–120. 

91. Hoogeboom TJ, van den Ende CHM, van der Sluis G, et al. 
The impact of waiting for total joint replacement on pain 
and functional status: a systematic review. Osteoarthr 
Cartil 2009; 17: 1420–1427.

J Rehabil Med 49, 2017


