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Abstract
Purpose. Patient satisfaction with total knee replacement has been commonly assessed with self-reported surveys. Up to 
19% of patients were dissatisfied with total knee replacement outcomes; however, very little is known about their objective 
physical abilities. Restoring knee strength is crucial for an increase in functional abilities. Improved balance is an essential 
measure of total knee replacement success. However, it is unknown how dissatisfied patients differ from satisfied ones with 
respect to strength and balance abilities. The purpose of this study was to examine how knee flexor and extensor strength 
and balance abilities differed for dissatisfied total knee replacement patients compared with satisfied patients and healthy 
controls.
Methods. The study involved 9 dissatisfied and 15 satisfied total knee replacement patients and 15 healthy controls. 
Participants performed isokinetic knee flexion and extension tests at 60°/s and 180°/s using an isokinetic dynamometer. 
Bilateral and unilateral static and dynamic balance trials employed a Biodex Balance System. Stair ascent/descent tests 
and a chair rise test served to examine speed of activity.
Results. Dissatisfied patients showed reduced peak extension (180°/s) and flexion (60°/s) torque compared with satisfied 
patients. No balance differences were evident, although an increased percentage of dissatisfied patients were unable to 
complete the static and dynamic unilateral balance tests. Stair ascent and descent times and pain levels were increased in 
the dissatisfied group.
Conclusions. Strength increase may provide a more symmetrical movement pattern and better function. The inability to 
balance and longer functional test times indicate reduced functional ability and continuous pain.
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Introduction

Patient satisfaction rates for the total knee replace-
ment (TKR) procedure turn out to be as low as 81% 
when self-reported through survey measurements 
[1, 2]. This leaves a significant portion of the TKR 
population as dissatisfied with the replacement out-
comes. Post-operative pain [3] and functional limita-
tions [4] are commonly self-reported by dissatisfied 
patients on surveys related to the TKR procedure. This 
often results in decreased performance in common 
clinical tests (such as timed up-and-go or sit-to-stand) 

when compared with healthy controls [5, 6]. These tests 
are often seen as a defining point for ‘success’ of the 
operation as they are deemed to determine the restora-
tion of function for the replaced joint. However, these 
test results do not sufficiently explain why the TKR pa-
tients are dissatisfied with the TKR outcomes. While 
these tests are easily administered, they do not explain 
the physical limitations experienced by the dissatisfied 
TKR patients, thereby suggesting that additional re-
search into the mechanisms of dissatisfaction is needed. 
Physical testing of strength, balance, and functional 
abilities may help to provide a link between the more 
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easily administered survey and functional tests to 
what the objective physical limitations are that may 
be present in the dissatisfied patient population.

Current research on dissatisfied patients who un-
dergo TKR has largely focused on survey data and 
limited testing of physical functions and capacities 
[7–9]. Much of this research has been conducted by 
using subjective data to assess physical function, such 
as self-reported physical function as measured through 
survey data. Some of the research which utilized these 
surveys has shown reduced self-reported physical 
function for dissatisfied TKR patients [8, 9]. The limited 
physical testing has consisted of simple functional 
tasks such as a 6-minute walk test or sit-to-stand test 
[7]. Survey data have shown increased difficulty in 
certain activities for dissatisfied TKR populations [10] 
but have failed to provide additional insight into the 
difficulty magnitude and mechanisms. For example, 
stair climbing has been suggested as a difficult activity 
for patients with knee pain and instability [11]. How-
ever, the physical mechanisms causing these difficul-
ties are unknown. Increased strength and balance are 
needed to successfully perform more demanding daily 
activities such as navigating stairs. Therefore, infor-
mation about strength and balance for dissatisfied 
TKR populations may provide insight into their dif-
ficulties.

An increase in knee strength levels following a TKR 
operation is crucial for a return to more normal func-
tion levels. Knee extensor strength is most commonly 
assessed when determining the adequacy of strength 
levels in TKR patients. However, the flexors are also 
important for knee stabilization as the co-contraction 
of the flexors and extensors helps to provide dynamic 
knee stability during dynamic movement such as 
walking, warranting their examination as well. Signifi-
cant reductions in extensor and flexor strength are 
evident early (1 month post-operatively) in the reha-
bilitation process, with up to 60% deficits observed 
compared with pre-operative levels [12]. By 6 months 
post-operation, both muscle groups show significant 
increases in strength [13]. However, TKR patients do 
not normally achieve strength levels equal to those of 
healthy controls, with deficits still present 12 months 
after surgery in the replaced limb but no difference 
in the non-replaced limb compared with healthy con-
trols [14]. While most studies examine strength levels 
within 1 year post-operatively, one study has shown 
reduced peak extensor and flexor torques at 180°/s 
at an average of 98 months post-operatively [15], sug-
gesting that reduced strength still persists over time. 
Multiple studies involving isokinetic strength testing 

for this patient group have commonly employed test-
ing speeds of 60°/s and 180°/s [15–17]. Previous re-
search has shown an increase in quadriceps strength 
as assessed with a handheld dynamometer [18]. In 
that study, the researchers differentiated 2 groups of 
knee replacements based on a single-radius versus 
a multi-radius TKR. The single-radius group presented 
increased quadriceps strength, increased knee range 
of motion (ROM), and increased patient satisfaction 
compared with the multi-radius group [18]. However, 
patient satisfaction is unknown for each TKR patient 
group, thereby not providing the differences between 
these 2 groups. There is a lack of research on strength 
with respect to TKR patient dissatisfaction and on 
the role that knee strength plays in TKR patient dis-
satisfaction. Post-operative strength deficits may be 
more pronounced in dissatisfied patients, which may 
impair functional ability.

Balance is an additional measure of success for TKR 
operations and return to normal daily activities as falls 
can be detrimental to the elderly population, which 
includes the majority of the TKR population [19]. 
TKR patients have been shown to exhibit decreased 
stability after surgery compared with healthy controls 
[20]. Improvements in balance have been associated 
with improvements in functional capacities commonly 
tested, such as stair climb, 30-second chair rise, timed 
up-and-go, and gait speed [21]. Strength and balance 
have often been measured together as a means of using 
strength gains to explain changes in balance abilities. 
Increased knee extensor strength coupled with in-
creased gait speed has been linked to increased an-
teroposterior balance (measured through the range of 
the anteroposterior trajectory of centre of pressure), 
but increased knee extensor strength with reduced 
gait speed has been linked to a reduced anteroposte-
rior balance [22]. However, it was shown that peak 
torque did not predict single leg static balance perfor-
mance [23]. As with strength data, there is a lack of 
balance data with respect to patient dissatisfaction.

To our knowledge, no studies have been conducted 
on the strength and balance abilities of dissatisfied 
TKR patients. Therefore, the purpose of this study was 
to examine how the knee concentric muscle strength 
and balance abilities of both the replaced and non-re-
placed limbs in dissatisfied TKR patients compared 
with those among satisfied TKR patients and healthy 
controls. A secondary purpose was to compare dis-
satisfied TKR patients with satisfied TKR patients 
using more frequently applied assessment tools (sur-
veys and functional tests) to determine if changes in 
strength and balance coincided with the changes pre-
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viously seen in the surveys and functional tests. It was 
hypothesized that dissatisfied TKR patients would 
show deficits of knee extensor and flexor strength and 
balance abilities in their replaced limb compared with 
their non-replaced limbs and compared with satisfied 
TKR patients and healthy controls. It was also hypoth-
esized that the dissatisfied patients would present de-
creased functional abilities and reduced self-reported 
functional abilities on subjective surveys measurements.

Material and methods

Subjects

This study was conducted as a level III case-control 
study. All subjects were informed of potential risks 
and benefits of the study. An a priori power analysis 
using the G*Power software showed that a minimum 
of 9 participants per group were needed with a beta 
of 0.8 at an alpha level of 0.05. As this data set was 
a part of a larger study, the power analysis was based 
on knee extension moment data during a stair ascent 
task [24]. Nine dissatisfied TKR participants (34.6 ± 
14.3 months from surgery), 15 satisfied TKR partici-
pants (29.3 ± 12.8 months from surgery), and 15 
healthy participants were involved in this study (Ta-
ble 1). TKR participants were recruited from a local 
orthopaedic clinic over a 15-month period. The inclu-
sion criteria for TKR patients were the presence of 
a unilateral TKR performed by a single surgeon, 
a period of at least 12 months but less than 60 months 
from surgery, and age of 50–75 years. Exclusion cri-
teria were any additional lower extremity joint replace-
ments, any additional diagnosed hip, knee, or ankle 
osteoarthritis, body mass index greater than 38, or 
neurological diseases. TKR patients were asked, ‘How 
satisfied are you with your total knee replacement?’ 

The available responses were ‘very dissatisfied,’ ‘dis-
satisfied,’ ‘neutral,’ ‘satisfied,’ or ‘very satisfied’. Neu-
tral responses were excluded. ‘Very dissatisfied’ or ‘dis-
satisfied’ responses were placed into the dissatisfied 
group and ‘satisfied’ or ‘very satisfied’ were placed into 
the satisfied group. Seven other dissatisfied patients 
were recruited, but had to be excluded from the study 
as they did not meet the inclusion criteria (4 had bi-
lateral TKR and 3 had a body mass index above the 
threshold for inclusion). The healthy control group 
was recruited with the same exclusion criteria as the 
TKR groups.

Procedures

At the beginning of the testing session, all partici-
pants completed the Western Ontario and McMaster 
Universities survey (WOMAC) for both knees [25]. 
TKR participants then completed the Forgotten Joint 
Score questionnaire [26]. After completing all forms 
and surveys, the subjects performed a 5-minute walk-
ing warm-up on a treadmill at a self-selected speed. 
Passive knee ROM was then measured in both knees 
while participant was lying supine on a treatment ta-
ble [24]. The subjects performed 2 trials of a stair 
ascent/descent test using an 11-step staircase and a 
chair rise test, with best times being reported. Six test 
conditions of bilateral and unilateral postural static 
and dynamic (at level 11 setting, with 1 being the most 
difficult and 12 being the least difficult) stability tests 
were carried out. Participant’s feet were placed in ac-
cordance with the instruction of the balance system. 
The individuals performed 3 trials of 20 seconds per 
condition (per manual specifications on time duration 
of each trial). One practice trial per condition and a rest 
period of 30 seconds between trials were given. A trial 
was repeated if the participant grabbed the handrail 

Table 1. Descriptive statistics, functional tests, and survey data

Characteristics Dissatisfied Satisfied Healthy p

Age (years) 68.0 ± 4.2A 66.6 ± 6.3A 60.7 ± 9.2 0.0034*
Height (m) 1.69 ± 0.07 1.76 ± 0.10 1.75 ± 0.09 0.1280
Weight (kg) 80.99 ± 18.59 90.19 ± 16.98 77.74 ± 11.75 0.0944
Body mass index (kg/m2) 28.13 ± 4.61 28.85 ± 4.26 25.33 ± 3.34 0.0563
Months from surgery 34.6 ± 14.3 29.3 ± 12.8 NA 0.3598
Forgotten Joint Score (replaced limb) 21.53 ± 16.04B 67.78 ± 27.76 NA 0.0002*
Chair rise (s) 18.43 ± 7.26 16.84 ± 5.45 15.01 ± 4.21 0.3327
Stair ascent (s) 5.50 ± 1.93AB 4.30 ± 0.79 4.06 ± 0.68 0.0117*
Stair descent (s) 5.93 ± 2.91AB 3.98 ± 0.60 3.68 ± 0.50 0.0021*

NA – not applicable
A different from healthy group, B different from satisfied group, * p values significant at 0.05
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or required the investigator to catch them from falling. 
All balance test conditions were tested in a randomized 
order. Postural stability tests were performed by using 
a balance system (Biodex Balance System SD, Biodex 
Medical Systems, Shirley, USA), sampling at a rate of 
20 Hz. The visual feedback of centre of pressure traces 
was provided to participants during practice and test 
trials, giving them a target goal to maintain the cen-
tre of pressure in the centre of the grid. The subjects 
were instructed not to lock their knees out but were 
provided no instructions as to the level of knee flex-
ion they should have.

After the completion of balance tests, participants 
completed isokinetic strength tests of the knee flexors 
and extensors. Strength tests were performed last to 
minimize the effect of fatigue from maximum effort 
muscle action on the other tests. Following a practice 
round of 2 sub-maximum and 1 maximum effort tri-
als, participants performed 3 maximum effort trials 
of knee flexion and extension, at 2 different speeds 
(60°/s and 180°/s). Knee flexion and extension repe-
titions were tested in succession at each speed for each 
leg. A rest period of 2 minutes was given between con-
ditions. The speed conditions were randomized. Con-
centric knee extension and flexion muscle strength 
tests were performed with an isokinetic dynamome-
ter (System 4, Biodex Medical Systems, Shirley, USA) 
at speeds of 60°/s and 180°/s. A 0–10 numerical pain 
visual analogue scale was used to assess pain level 
after the tests in both knees for TKR participants and 
healthy participants for all conditions and tests.

Data analyses

Overall, mediolateral, and anteroposterior stability 
indices were calculated. With the centre of balance 
point defined as (0,0) of the X and Y coordinate of the 
system, X and Y coordinate values were recorded at 
each sampling point (20 Hz). During the dynamic bal-
ance trials (level 11 was the dynamic level utilized in 
this testing), X and Y coordinate data were scaled at 
1/100°, up to 20° of the test platform tilt. The X and Y 
coordinates represent mediolateral (X) and anteropos-
terior (Y) deviations from the centre of the balance 
surface. The overall stability index (OSI) was calcu-
lated as:

OSI =
(X)2 – (Y )2

N

where X is the mediolateral coordinate, Y is the antero
posterior coordinate, and N is the number of data points 

sampled. The mediolateral stability index (MLSI) and 
anteroposterior stability index (APSI) were calculated 
with the following equations:

MLSI =
(X)2

N

APSI =
(Y )2

N

Increased balance abilities were defined as the OSI, 
MLSI, and APSI being smaller numbers. The age-de-
pendent normal stability index ranges for individuals 
aged 54–71 years were 1.79–3.35 (Biodex Balance 
System SD Reference Manual). There is no specific value 
to indicate what a ‘good’ score is, as this range provides 
only a normative value for individuals in this age range.

A customized MATLAB script (MathWorks, Natick, 
USA) calculated strength-related variables, including 
peak torque and torque loading rate (time to peak 
torque).

Statistical analyses

A 2 × 3 (limb × group) mixed model analysis of 
variance (ANOVA, p < 0.05) using SAS software (ver-
sion 9.4, Cary, USA) was performed to detect differ-
ences between limbs and groups for unilateral balance, 
strength variables, and WOMAC. When the ANOVA 
results revealed a significant interaction or main effect, 
pairwise t-tests were used to compare means with ad-
justed p values of 0.00625. Post-hoc comparisons were 
only made between the TKR replaced and healthy 
dominant limbs and TKR non-replaced limbs against 
the healthy non-dominant limbs. This was performed 
under the assumption that any differences between 
the dominant and non-dominant limb were random 
and small when present in the healthy population. 
A one-way (3 groups) ANOVA (p < 0.05) was performed 
on demographic, survey, bilateral balance, and func-
tional test data to test for differences between the 3 
groups. If a significant interaction was present, pair-
wise comparisons were made with an adjusted p value 
of 0.0167. The respective adjustments to the p values 
for both the 2 × 3 and the 1 × 3 ANOVA were based on 
the amount of post-hoc comparisons being performed.

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
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tion of Helsinki, and has been approved by the Uni-
versity of Tennessee Institutional Review Board.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Results

Specific numerical results for the anthropometric 
data, Forgotten Joint Score, and functional test scores 
can be found in Table 1. Post-hoc tests revealed that 
the dissatisfied group had increased stair ascent (p = 
0.0148) and descent (p = 0.0031) times compared 
with both the satisfied and healthy groups (Table 1). 
The dissatisfied group reported increased pain in their 
replaced limb compared with other groups and respec-
tive limbs during all 3 tests (p < 0.0148 for all tests, 
see Table 5). WOMAC and passive knee ROM can be 
found in Table 2. Significant interactions revealed that 
the dissatisfied group had decreased passive knee 
ROM in the replaced limb compared with their non-
replaced limb and healthy group (p < 0.0015 for both 

tests) but no difference was observed from the replaced 
limb of the satisfied group (Table 2). Significant in-
teractions were present for all WOMAC subscales 
and total scores (Table 2). The dissatisfied group re-
ported increased total WOMAC and subscale scores in 
their replaced limb compared with their non-replaced 
limb and satisfied and healthy groups. The satisfied 
group reported increased WOMAC total and physi-
cal function scores for both limbs as well as increased 
stiffness in their replaced limb compared with the 
healthy group.

Peak isokinetic knee flexion and extension torque 
and loading rates can be found in Table 3. Significant 
interactions were present for peak extension torque at 
180°/s and flexion at both 60°/s and 180°/s (Table 3). 
Post-hoc comparisons showed that the dissatisfied 
group replaced limb had lower peak extension torque 
at 180°/s than their non-replaced limb and both satis-
fied and healthy groups (p < 0.0051 for all tests). Peak 
torque during the 60°/s flexion test was reduced in 
the replaced limb of the dissatisfied group compared 
with that of the satisfied group (p = 0.0168). Addition-
ally, there was a limb main effect for the 60°/s exten-

Table 2. WOMAC scores (100-mm VAS) and passive knee ROM (°)

Parameters
Dissatisfied 

replaced
Dissatisfied 

non-replaced
Satisfied  
replaced

Satisfied non-
replaced

Healthy 
dominant

Healthy non-
dominant

Interaction
p

WOMAC total#* 794.9 ± 484.2ABC 67.2 ± 64.5 251.2 ± 179.2C 196.5 ± 175.8C 29.9 ± 73.5 18.5 ± 40.2 < 0.0001**
WOMAC physical function#* 525.2 ± 323.9ABC 38.3 ± 30.3 179.2 ± 141.3C 144.5 ± 131.1C 16.1 ± 39.3 12.5 ± 26.8 < 0.0001**
WOMAC stiffness#* 76.1 ± 58.3ABC 8.2 ± 8.6 38.1 ± 41.8C 26.8 ± 44.4 6.5 ± 18.3 2.9 ± 6.3 0.0007**
WOMAC pain#* 193.7 ± 138.6ABC 20.7 ± 34.0 33.9 ± 30.1 25.1 ± 22.8 7.3 ± 17.3 3.1 ± 7.6 < 0.0001**
Passive knee ROM# 118.3 ± 7.4AC 131.0 ± 10.4 122.9 ± 10.5AC 134.4 ± 9.3 134.3 ± 13.5 135.4 ± 13.4 0.0001**

WOMAC – Western Ontario and McMaster Universities survey, VAS – visual analogue scale, ROM – range of motion 
A significantly different from contralateral leg of same total knee replacement group, B significantly different from same leg of satisfied  
total knee replacement group, C significantly different from same leg of healthy group, # limb main effect,  
* group main effect, ** p values significant at 0.05

Table 3. Peak isokinetic knee extension and flexion torque (Nm) and extension and flexion loading rate (LR; Nm/s)

Parameters
Dissatisfied 

replaced
Dissatisfied  

non-replaced
Satisfied  
replaced

Satisfied  
non-replaced

Healthy 
dominant

Healthy  
non-dominant

Interaction
p

Extension at 60°/s# 85.2 ± 30.9 110.5 ± 41.1 118.3 ± 39.1 132.5 ± 41.3 117.6 ± 36.4 122.1 ± 39.3 0.0664
Extension at 180°/s# 58.3 ± 22.7ABC 72.9 ± 26.9 83.0 ± 24.9A 95.4 ± 27.0 80.8 ± 29.3 76.4 ± 25.8 0.0081**
Flexion at 60°/s 48.0 ± 15.9B 52.4 ± 19.8 64.3 ± 21.1 67.1 ± 21.0 63.2 ± 13.0 58.0 ± 17.1 0.0168**
Flexion at 180°/s* 34.4 ± 13.7 33.7 ± 15.3B 48.5 ± 19.0A 57.0 ± 21.4 47.7 ± 14.8 45.8 ± 12.7 0.0020**
Extension LR at 60°/s 151.0 ± 114.0 139.2 ± 68.9 169.1 ± 95.9 189.4 ± 73.4 164.8 ± 76.2 158.3 ± 61.9 0.6898
Extension LR at 180°/s 244.2 ± 92.3 261.8 ± 103.8 343.5 ± 160.5 342.1 ± 162.6 274.9 ± 132.1 243.3 ± 104.6 0.7562
Flexion LR at 60°/s 135.3 ± 81.6 190.2 ± 207.5 202.2 ± 150.1 163.6 ± 86.9 195.8 ± 246.4 223.9 ± 329.5 0.6871
Flexion LR at 180°/s 185.0 ± 84.0 171.0 ± 111.1 288.7 ± 184.2 320.2 ± 224.0 295.5 ± 213.9 224.9 ± 203.2 0.2566

A significantly different from contralateral leg of same total knee replacement group, B significantly different from same leg of satisfied  
total knee replacement group, C significantly different from same leg of healthy group, # limb main effect,  
* group main effect, ** p values significant at 0.05
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sion test, with the replaced limbs having lower peak 
torque than the non-replaced. However, there were no 
differences in loading rate for any of the tested speeds. 
Significant interactions revealed that the dissatisfied 
group reported increased knee pain in their replaced 
limb during the 60°/s (p = 0.0018) and 180°/s (p = 
0.0011) tests compared with their non-replaced limb 
and satisfied and healthy groups (see Table 5). A group 
main effect was present during the non-replaced 60°/s 
test, with the dissatisfied group showing increased 
pain compared with the satisfied and healthy groups.

OSI, APSI, and MLSI scores can be found in Table 4. 
There were no interactions for any of the balance vari-

ables (Table 4). A limb main effect was observed for 
MLSI during the static condition, with replaced limbs 
having increased mediolateral sway during unilat-
eral stance. What is of interest to note, approximately 
33% of dissatisfied participants were unable to com-
plete unilateral static balance trials on either limb 
while 13% of the satisfied group were unable to do so 
on their replaced limb and 20% on their non-replaced 
limb. During the dynamic unilateral tests, these num-
bers increased to 56% of dissatisfied participants 
and 27% of satisfied participants on both limbs. All 
healthy individuals completed the test on the non-
dominant limb but 13% could not on their dominant 

Table 4. Unilateral overall stability index (OSI), mediolateral stability index (MLSI), and anteroposterior stability  
index (APSI), as well as bilateral OSI, MLSI, and APSI stability indices (one-way ANOVA)

Parameters
Dissatisfied 

replaced
Dissatisfied 

non-replaced
Satisfied 
replaced

Satisfied  
non-replaced

Healthy 
dominant

Healthy  
non-dominant

Interaction
p

Static OSI 2.68 ± 1.17 3.20 ± 1.35 3.05 ± 1.59 2.21 ± 1.46 3.08 ± 1.52 1.71 ± 0.81 0.1314
Dynamic OSI 2.23 ± 0.57 2.60 ± 0.47 2.55 ± 0.81 2.56 ± 0.92 2.38 ± 0.52 2.41 ± 0.84 0.8397
Static APSI 1.55 ± 0.90 2.40 ± 1.20 1.72 ± 1.36 1.38 ± 1.16 1.50 ± 1.26 1.14 ± 0.63 0.2484
Dynamic APSI 1.65 ± 0.95 2.38 ± 0.39 1.45 ± 0.73 1.61 ± 0.85 1.73 ± 0.81 1.49 ± 0.80 0.1316
Static MLSI# 1.95 ± 1.04 1.80 ± 0.95 2.20 ± 1.20 1.39 ± 1.14 2.35 ± 1.28 1.03 ± 0.55 0.2598
Dynamic MLSI 0.90 ± 0.88 0.93 ± 0.28 1.64 ± 1.12 1.50 ± 1.18 1.27 ± 0.51 1.57 ± 0.85 0.7045
Static OSI bilateral 1.36 ± 1.86 0.90 ± 0.86 1.40 ± 1.36 0.5498
Dynamic OSI bilateral 1.69 ± 0.53 1.56 ± 0.75 1.79 ± 0.65 0.6511
Static APSI bilateral 1.13 ± 1.89 0.70 ± 0.85 1.06 ± 1.20 0.6518
Dynamic APSI bilateral 1.24 ± 0.54 1.21 ± 0.79 1.39 ± 0.74 0.7786
Static MLSI bilateral 0.39 ± 0.43 0.35 ± 0.36 0.65 ± 0.84 0.3504
Dynamic MLSI bilateral 0.90 ± 0.43 0.73 ± 0.35 0.85 ± 0.27 0.4439
# limb main effect

Table 5. Pain for individual tests (0–10 Likert scale)

Parameters
Dissatisfied 

replaced
Dissatisfied 

non-replaced
Satisfied 
replaced

Satisfied  
non-replaced

Healthy 
dominant

Healthy  
non-dominant

Interaction
p

Chair rise#* 1.44 ± 2.00ABC 0.00 ± 0.00 0.13 ± 0.52 0.13 ± 0.52 0.00 ± 0.00 0.00 ± 0.00 0.0013**
Stair ascent#* 1.56 ± 1.94ABC 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0001**

Stair descent#* 1.78 ± 2.44ABC 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0006**

Bilateral static balance#* 1.33 ± 2.06ABC 0.22 ± 0.67 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0033**

Bilateral dynamic balance#* 0.78 ± 1.56ABC 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0257**

Unilateral replaced static#* 1.56 ± 2.46ABC 0.22 ± 0.67 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0064**

Unilateral replaced dynamic#* 0.78 ± 1.56ABC 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0257**

Unilateral non-replaced static 0.33 ± 1.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.07 ± 0.26 0.1508

Unilateral non-replaced dynamic#* 0.78 ± 1.56ABC 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0257**

Replaced 60°/s#* 1.67 ± 2.5ABC 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0018**

Replaced 180°/s#* 1.56 ± 2.24ABC 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.0011**

Non-replaced 60°/s* 0.78 ± 1.56 0.11 ± 0.33 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.10 ± 0.39 0.0615
Non-replaced 180°/s 0.78 ± 1.56ABC 0.00 ± 0.00 0.00 ± 0.00 0.07 ± 0.26 0.00 ± 0.00 0.07 ± 0.26 0.0197**

A significantly different from contralateral leg of same total knee replacement group, B significantly different from same leg  
of satisfied total knee replacement group, C significantly different from same leg of healthy group, # limb main effect,  
* group main effect, ** p values significant at 0.05
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limb. The dissatisfied group reported increased knee 
pain in their replaced knees compared with their 
non-replaced knee and satisfied and healthy groups 
during all balance tests (except for unilateral balance 
on the non-replaced static trials; see Table 5). Pain 
scores for all tests can be found in Table 5.

Discussion

The purpose of this study was to examine differ-
ences in strength and balance between dissatisfied and 
satisfied TKR patients. Our hypothesis related to re-
ductions in knee extension strength for the replaced 
limbs of the dissatisfied group was partially confirmed 
as the dissatisfied group showed reductions in peak 
knee extension torque at 180°/s of the replaced limbs 
compared with their non-replaced limbs and those of 
the satisfied and healthy groups. The limb main effect 
for knee extension during the 60°/s test showed re-
duced extension strength for the replaced limbs com-
pared with the non-replaced limbs, offering partial 
support for our hypothesis. Additionally, the decreased 
peak flexion torque in the dissatisfied group replaced 
limb at 60°/s compared with the satisfied group also 
provided partial confirmation of our hypothesis. Post-
operative increases in knee extensor and flexor strength 
have been related to improvements in balance and 
restoration of functional abilities [27–29]. It has been 
suggested that knee extensor strengthening exercises 
should continue long-term to improve patient satisfac-
tion and restore functional abilities [30]. Decreased 
concentric strength in the knee extensors has been 
linked to decreased stair climbing abilities [27], which 
is in partial agreement with the results of this study. 
The dissatisfied group showed increased stair ascent 
and descent times compared with the satisfied and 
healthy groups while having reduced knee extensor 
strength at 180°/s in their replaced limb. The replaced 
limbs presented lower peak extension torque compared 
with the non-replaced limbs at 60°/s. This imbalance 
in the dissatisfied group (30% strength increase in the 
non-replaced limb compared with the replaced limb) 
is substantially larger than that in the satisfied group 
(12% strength increase in non-replaced limb), which 
could render stair climbing more difficult (with only 
a 4% difference between dominant and non-dominant 
limbs for the healthy group). Our results of knee exten-
sor and flexor peak torque differences at both 180°/s 
and 60°/s are in partial agreement with previous re-
search which has shown peak torque reductions in 
TKR patients compared with healthy controls for both 
knee extensors and flexors at 180°/s but not 60°/s [15]. 

While not all results were statistically significant, it is 
worth noting that average peak torque values across 
the groups and limbs were always lower in the dissat-
isfied group compared with the satisfied and healthy 
groups, for both the replaced and non-replaced limbs. 
It can be generally concluded that reduced strength is 
present in the dissatisfied TKR population.

The reductions in strength levels may be in part 
related to the increased pain levels present in the dis-
satisfied group. Pain relief and subsequent restoration 
of activity abilities have been highly correlated with 
increasing patient satisfaction [28]. Daily activities 
with increased difficulty often require increased knee 
flexion and extension, which means that there is a need 
for increased quadriceps and hamstring strength [29]. 
This can be further confounded when asymmetries 
exist. Limb loading asymmetries can occur early after 
surgery and have been shown to contribute to increased 
stair climbing times [31]. These reductions in func-
tional abilities have been speculated as being related 
to pain and quadriceps weakness, both of which were 
present in our dissatisfied population. Quadriceps 
weakness is often a point of interest during the reha-
bilitation process. An increase in the strength levels 
with a subsequent increase in knee ROM have been 
evident with increased patient satisfaction [18], al-
though this same study did not show any differences 
in WOMAC pain and function scores associated with 
the strength and ROM gains. It should be noted that 
this previous study [18] did not group the patients de-
pending on their satisfaction as has been done in the 
current study. The current study showed reductions 
in passive knee ROM for the dissatisfied group in their 
replaced limb compared with all other groups and re-
spective limbs, except for the replaced limb of the satis-
fied group. In addition, the increased WOMAC total 
and sub-scale scores of dissatisfied group replaced 
limbs indicate increased deterioration.

No significant differences were present in both the 
static and dynamic balance levels and limbs, aside 
from slight increases in mediolateral stability in the 
replaced limb compared with the non-replaced limb. 
This was not in agreement with our hypothesis. This 
result may be due to the inability of a significant num-
ber of patients to complete the balance trials, which 
impacted on the possibility to include their numbers in 
the statistical analysis. During the unilateral static 
balance test, 33% of dissatisfied patients were unable 
to complete the tests on both their replaced and non-
replaced limbs, which is an increase over the 13% and 
20% of the satisfied group on their replaced and non-
replaced limbs, respectively. As the difficulty increased 
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to the dynamic unilateral stability test, these numbers 
elevated to 56% of dissatisfied and 27% of satisfied 
patients. This may be in part related to replacement 
design types received by our patients in the study. 
Most of the participants had cruciate retaining TKR 
designs, which do not contain a cam-post mechanism. 
Longer cam-post designs aid frontal plane stability 
to the replaced knee joint [32]. Without this added 
stability, the replaced knees are left to be controlled 
by musculature and ligaments, some of which (knee 
musculature) has been shown as reduced in the dis-
satisfied patients. Further research is warranted to 
examine the effects of different TKR design types on 
patient balance ability. With these reduced numbers 
of patients who were unable to complete the tests, our 
sample sizes for the statistical analysis were greatly 
reduced. This likely skewed results of the balance tests 
as no differences were reported when the patient was 
able to complete the trials. A completion rate of less than 
50% for the dissatisfied patients is quite low, although 
the difficulty level was set at a low level (level 11) in the 
unilateral dynamic balance test. The inability to per-
form the balance tests may have also contributed to 
the patient dissatisfaction. Additionally, pain levels 
were increased for the replaced limb of the dissatisfied 
participants compared with the satisfied and healthy 
groups. Improvements in balance have been associ-
ated with improvements in gait speed, chair rise tests, 
and stair climb tests [21]. The presence of pain may not 
be enough to impact on the balance abilities at the dif-
ficulty levels tested here when patients were able to 
complete the test. However, the subsequent improve-
ments in stair climbing were not evident in this re-
search. Strength and balance are frequently connected 
since strength is necessary to maintain balance. In-
creased knee extensor strength coupled with an in-
creased gait speed led to increased anteroposterior 
balance, but increased knee extensor strength with 
a reduced gait speed led to a reduced anteroposterior 
balance [22]. This was not evident with the dissatisfied 
group as no anteroposterior differences were evident. 
Other research has shown that peak torque did not 
predict single-limb balance [23], which does agree 
with the results of this research since strength differ-
ences were evident but balance differences were not.

The consistent issue with the dissatisfied patients 
is the presence of pain, which subsequently seems to 
influence certain physical abilities. Increased patient 
dissatisfaction has been associated with increased pain 
during activities, lower knee function post-operatively, 
and depressive symptoms or somatization dysfunc-
tion [33]. Treating the psychological factors associat-

ed with the surgery may help to improve outcomes. 
Patients with somatization dysfunction have a 2-fold 
increase in risk for dissatisfaction with their TKR [33]. 
This may suggest 1 of 2 options. First, pre-operative 
psychological screening may help with the rehabili-
tation of TKR patients as certain psychological needs 
can be addressed in conjunction with the physical 
needs. Second, psychological tools to deal with pain 
management may help to improve functional ability. 
Multivariate logistic and linear regression models have 
suggested that dissatisfaction is largely associated with 
the pain reductions and functional improvements ex-
perienced during the first 3 months post-operatively, 
suggesting that the decision to have surgery should be 
based on functional limitations, not high pain scores 
[34]. However, given that pain is present and may 
continuously impair functional abilities, it should be 
addressed during rehabilitation processes. Tools such 
as guided imagery may help to lower pain and anxiety 
experienced post-operatively [35]. A reduction in pain 
experienced by dissatisfied patients may help improve 
their functional abilities and subsequently increase 
their satisfaction levels. Given the physical and time-
based investment in an operation such as a TKR, it is 
beneficial to address all issues which may improve out-
comes.

This study has some limitations. First, the classi-
fication of the patient satisfaction and dissatisfaction 
is subjective in nature; satisfaction is likely a multi-
faceted response based on factors such as personal 
experience, bias, and perception, none of which were 
captured in this study. A simple question was posed 
to the patients about their perception of their replaced 
limb, without qualifying whether the satisfaction was 
based on pain, functional ability, or any other charac-
teristics. As mentioned earlier, the balance results are 
to be interpreted with caution given the small sample 
sizes due to the inability of some dissatisfied patients 
to complete the test. Finally, while patients were asked 
to perform isokinetic tests with maximum effort, there 
may have been some reduced performances because 
of the presence of pain. With pain, while these results 
appeared to be the individuals’ maximum efforts, they 
may not reflect their true muscular abilities. More 
research needs to further determine the mechanisms 
contributing to patient dissatisfaction and subsequent 
ways to improve them. This may be achieved through 
longitudinal tracking of patient satisfaction in an at-
tempt to identify both the physical and psychological 
factors as they occur over time.
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Conclusions

Patient dissatisfaction is a complex construct that 
is evidently multifaceted. Throughout all tests, pain 
was evident, regardless of changes in function. Strength 
deficits were apparent for the dissatisfied patients in 
both the knee flexors and extensors. Balance abilities 
were also reduced through an inability to successfully 
balance on 1 limb, although when this was possible, no 
differences were evident between groups who were able 
to complete the unilateral balance tests. Increased self-
reported difficulty with certain activities among dis-
satisfied patients was evident through an imbalance 
during strength tests, whereby dissatisfied patients 
exhibited an increased dependence on their non-re-
placed limb. An increase in strength may provide 
a more symmetrical movement pattern and therefore 
better function. This may improve patient satisfaction.
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