ORIGINAL PAPER
EPEYNHTIKH EPTAZIA

The relationship between isokinetic
strength and functional performance
12 montbhs after total knee arthroplasty

OBJECTIVE To measure the correlation between isokinetic peak knee strength
and functional performance 12 months after unilateral total knee arthroplasty
(TKA). METHOD The study participants, 15 patients who had undergone
primary unilateral TKA, were tested at least 12 months postoperatively. Iso-
kinetic quadriceps and hamstrings torque were assessed in the operated and
non-operated legs using an electromechanical dynamometer at the angular
velocities of 60°/s and 180°/s. Functional performance was assessed using the
stair-climbing test (SCT), the Timed “Up-and-Go” test (TUG), and the 6-minute
walk test (6MWT). RESULTS Peak strength across two isokinetic velocities
of the muscles of the knee was found to be correlated with the functional
performance measurements. Functional performance on all three tests was
significantly associated with the peak strength of the extensor muscles across
both the isokinetic velocities. The 6MWT was significantly associated with
peak torque of the flexor muscles across both isokinetic velocities. The only
significant difference between the mean peak torque of the two knees was
for the extensors at a velocity of 180°/sec. At this velocity, the mean peak
torque of the extensor muscles of the operated leg was significantly weaker
than that of the muscles in the non-operated leg. No difference was found
between the flexor muscles of the operated and the non-operated leg at either
60°/sec and 180°/sec. CONCLUSIONS Measurement of knee extensor strength
may be a useful tool for clinicians in assessing and setting milestones during
rehabilitation after TKA.
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The population in Greece is ageing, as it is worldwide,
and arthritis related to ageing is the leading cause of dis-
ability. The joints most commonly affected are the knees
and hips, and those in the hands and spine. Osteoarthritis
(OA) of the knee is the most common disease of joints
in older adults around the world.” Epidemiological data
lead to the conclusion that OA of the knee is becoming a
major health problem, affecting the everyday life of many
people,’ and its prevalence is higher among subjects aged
70-74 years.The percentage of people aged over 60 years
in Europe is currently 22% and is expected to reach 27% by
2020. According to Eurostat, the increase in Greece in the
percentage of subjects aged 65-79 years is the highest of
all the members of the European Union (EU).?

Total knee arthroplasty (TKA) is the most effective sur-

gical procedure for the treatment of advanced OA of the
knee when conservative treatment has failed to improve
the quality of life of patients. TKA provides most patients
with an adequate range of motion of the knee,? improves
limitations in activity,** and reduces arthritic knee pain.
Most patients undergoing TKA have good clinical results
in the reduction of pain,” but functional problems may
persist. Several studies have shown that people continue to
have difficulties with walking and other physical activities
following knee replacement surgery. People with a knee
replacement were reported to have a lower maximal walk-
ing speed and to negotiate stairs more slowly than control
subjects even beyond 1 year after surgery.®?

Quadriceps muscle weakness has been identified in
the development and progression of OA of the knee,’” and
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is also related to functional mobility in patients following
TKA.?'" It has been shown to play an important role in
mediating the recovery of functional abilities for patients
after TKA,? as it is related more strongly to the functional
outcome than range of knee flexion or bodily pain.”

Quadriceps strength in the operated limb decreases
drastically immediately after the surgery, with a reduc-
tion of approximately 60% observed from pre-operative
strength.” It then gradually increases to a level comparable
with preoperative strength levels and plateaus at 6 to 12
months after surgery.’

Asymmetry in peak isometric knee extensor torque
between the operated and contralateral limbs has been
shown to persist 6 months,’* and up to one year'” after
surgery. Differences of 21% to 42% has been reported in
knee extensor torque for the operated knee compared with
the contralateral knee at 3 to 6 months after surgery.’>'¢'7
Even at 1 to 2 years after knee replacement surgery, a dif-
ference of 12% to 29% between the knee extensor muscles
was still evident.?’8 In isokinetic measurements following
TKA, individuals have a strength deficit of 20%'6-2* or more.
Similar deficits, although not so consistent’” have been
reported for knee flexor muscle strength.52"2* Patients
remain considerably weaker than healthy age-matched
peers’1725 with large quadriceps strength deficits, ranging
from 19% to 44%.'%"” Knee extensor muscle strength has
been reported to remain 35% lower in people with knee
replacement than in age-matched control subjects, even
at 13 years after surgery.’

Currently, evidence is limited as to why patients who
undergo TKA cannot resolve their muscle atrophy in the
operated limb.”* Functional limitation may persist 6 months
to one year after surgery,”® and levels of physical activity
do not change after TKA.®

Although some researchers use isokinetic contractions
of the muscles of the knee in TKA patients,’#'582-23 jn the
majority of reports the assessment of quadriceps muscle
strength was determined by measuring the maximum
isometric torque (maximal voluntary isometric contraction,
MVIC) at 75° of knee flexion.”’>?-?? Knee extensor strength
is an impairment-based measure that is associated with
functional performance, and performance-based measures
must be dynamic, requiring knee muscle activity across a
broad range of joint angles and contraction types. Assessing
a muscle group isokinetically may provide better insight
into the factors affecting functional ability. Measurement
of muscle strength in patients after TKA is necessary for a
more comprehensive understanding of the factors that
contribute to the persistent functional deficits.*®
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In this study, the isokinetic quadriceps muscle strength
at 60°/s and 180°/s was investigated, in order to analyse
knee muscle strength throughout a range of motion (ROM)
of the knee from 0° to 105°. The purpose was to explore
the correlation between isokinetic knee concentric mus-
cular testing and three functional tests, the Timed “Up &
Go"test (TUG), the 6-minute walking test (6MWT) and the
Stair-Climbing test (SCT), in patients who had undergone
TKA at least 12 months earlier. Assessment was made
approximately 12 months after TKA because quadriceps
strength exhibits a plateau in the postoperative period.®?
The authors hypothesized that (a) patients who undergo
TKA will exhibit asymmetry in peak isokinetic knee muscle
torque between the operated and the contralateral limb,
one year after surgery; (b) peak torque of the muscles of
the operated knee, produced across two main isokinetic
velocities (normalized to body weight), will be significantly
correlated with performance in lower extremity functional
tests (e.g., difficulty in walking, stair ascending, etc.).

MATERIAL AND METHOD

Subjects

The study subjects were 15 individuals who had undergone
primary unilateral TKA at least one year earlier for end stage OA
of the knee (mean age: 70+6.3 years; mean height: 158.4+8.19
m; mean body mass: 91.1+16.1 kg), who participated voluntarily
(tab. 1). Participants were excluded if they reported pain greater
than 4 on a scale of 1 to 10 in the operated limb during everyday
activities, or had any other lower extremity pathology that would
cause limited functionality. During the post-operative period, all
the subjects had followed a standardized rehabilitation protocol.’
The study protocol was approved by the Ethical Committee of the
Department of Physiotherapy of the Technological Educational
Institute of Central Greece. All the subjects received a clear explana-
tion of the study, including the risks and benefits of participation
and their written informed consent was obtained prior to testing.

Quantitative clinical measurements were recorded at the evalu-
ation, including height, weight, bilateral knee muscle strength,
TUG, SCT, and 6MWT.

Testing procedures

Prior to testing the age, height and mass of the subjects
were recorded. Height was measured barefoot using a portable
stadiometer (Seca 213, Ecomed Trading, Australia) and recorded
to the nearest 0.01 m (1 cm). Body mass was recorded to the
nearest 0.01 kg, using electronic digital scales (BF-522, Tanita
Corporation, Japan). Isokinetic strength testing was conducted in
the biomechanics laboratory of the university on a Biodex System
3 pro (Biodex Systems, Inc, Corporation, Shirley, NY) isokinetic
dynamometer.
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Table 1. Physical characteristics of the study participants at least one year after total knee arthroplasty.

Descriptive statistics

Characteristics Women (n=11) Men (n=4)

(n=15) Range Min Max Mean SD Range Min Max Mean SD
Age (years) 23.0 56.0 79.0 69.18 6.6 12.0 66.0 78.0 72.25 5.679
Body weight (kg) 51.6 68.4 1200  87.755 15.7210 329 86.0 118.9 100.4 15.3586
Body height (cm) 19.0 148.5 167.5 155.0 6.4537 9.0 164.5 173.5 167.75 3.9686
6MWT (m) 240.0 120.0 360.0  266.45 67.476 95.0 275.0 3700  308.75 43.661
TUG (s) 10.36 8.84 19.2  11.7518 3.11175 4.85 7.1 11.95 9.3825 2.01219
SCT (s) 63.95 18.05 82.0 39.0782 17.8722 16.16 17.39 33.55 25.635 7.38211

6MWT: 6 minute walking test, TUG: Timed “up & go” test, SCT: Stair-Climbing test, Min: Minimum, Max: Maximum

Functional performance measures

Measures of functional performance included TUG, SCT and
6MWT. The TUG measures the time needed to rise from an arm
chair (seat height, 46 cm), walk 3 m, turn, and return to the sitting
position in the same chair, without physical assistance.”? The TUG
has previously been shown to have high intra- and inter-rater reli-
ability.?"*2The SCT, a practically higher level of activity, measures
the time to ascend and descend a flight of stairs and has been
shown to correlate with the TUG and to have good reliability.?3-3*
The 6MWT measures the total distance walked in meters over 6
minutes. This test has been used extensively to measure endurance
and has been validated as a measure of functional performance
following knee arthroplasty.’ It also has been shown to have good
reliability.

Isokinetic strength assessment

All the patients were able to complete the isokinetic contrac-
tions across the two angular velocities (h=15). Knee extensor and
flexor strength was performed on a Biodex System 3 pro (Biodex
Systems, Inc, Corporation, Shirley, NY) isokinetic dynamometer at
velocities of 60°/s and 180°/s. These muscle groups were selected
for analysis because of their significant contribution to functional
activities. Muscle strength was operationally defined as the peak
isokinetic torque produced during a set of volitional contractions
on a Biodex dynamometer. Concentric torque was assessed at two
angular velocities: 60°/s and 180°/s. Contractions were performed
through a range of 0°-105° (full extension defined as 0°). Testing
order progressed from the slowest to the highest speeds.

The patients were tested in the seated position with hip flexion
of approximately 115°and with stabilisation straps applied to the
trunk, waist and thigh. The resistance pad was placed at a level of
2.5 cm proximal to the medial malleolus.’” The subject was secured
to the seat and then completed a warm-up of three submaximal
repetitions at each testing velocity, with a 60-second rest interval
between each set. Following this, the subject completed five
maximal repetitions at 60°/s, followed by a 60-second recovery,
and then ten maximal repetitions at 180°/s. The same procedure

was repeated for each leg. All the patients underwent testing of
the noninvolved limb first. The range of motion during testing
was set from 0° to 105° of knee flexion, and the limbs were grav-
ity compensated. A rest of 30 seconds between test bouts was
available to the subject to minimize fatigue. The subjects held
on to the seat handles during testing. To ensure maximal effort,
verbal encouragement was provided. The verbal commands were
standardized during testing. For the isokinetic contractions, the
subjects were instructed to straighten and bend their knee, “as
hard and as fast as possible”.

Statistical analysis

For each isokinetic angular velocity, the peak torque (Nm)
generated during each repetition, for the knee extensors and
flexors separately, was calculated within the Biodex software. The
use of peak torque to measure isokinetic strength is the standard
presentation of isokinetic muscle strength data.** The maximal peak
torque value within each set of the repetitions was used for analysis.

All statistical analyses were computed using the Statistics
Package for Social Sciences (SPSS, version 17.0; IBM Corporation,
New York, USA).

In order to study the differences between the mean values
of the knee extension/flexion maximal peak torque at 60°/s and
180°/s measurements of the involved and uninvolved knees, the
parametric t-test for paired design was used, since the Kolmogorov-
Smirnov (KS) test revealed that the variables approximated normal
distribution. An alpha level of p<0.05 was chosen as the criterion
for statistical significance.

Correlation coefficients were calculated to determine the as-
sociations between the three functional performance measures
(TUG, SCT, 6MWT) and the two strength measures (isokinetic
results at the two angular velocities) for the TKA limb.

Linear regression (LR) analysis was applied to study the effect
of knee extensor and flexor strength (knee extension maximal peak
torque at 60°/s and 180°/s, knee flexion maximal peak torque at
60°/s and 180°/s) on the three functional tests, GMWT, TUG and SCT.
Regression analysis was performed for the TKA limb, to determine
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which, if any, measurements of power significantly improved the
predictability of performance in each of the three functional tests.
The level of statistical significance was set at 0.05.

Limitations of the study

The present study had certain limitations. Since outcome was
examined only 12 months post-operatively, the results cannot be
generalized to predict relationships beyond this time point and
causal relationships or associations over time cannot be speculated.
The study population consisted of people who had undergone
successful TKA, who were relatively healthy and mobile and who
were living in the rural area around the city of Lamia, Greece. It is
impossible to extrapolate the association between function and
strength in this group to that of people with a different (e.g., urban)
lifestyle. This may be a factor limiting the external validity of the study.

In addition, comparison with the non-operated leg should be

I.POULIS et al

considered carefully. Many patients with unilateral TKA eventually
go on to have the other knee joint replaced because of degen-
erative changes and pain. Approximately 40% of patients with
unilateral TKA progress to a TKA in their non-operated leg within
10 years;*" hence, the uninvolved knee should not be considered
as a typically unimpaired joint, as it may be in at least the early
stages of OA. The gamut of OA is wide and can cause consider-
able variability in the findings, especially with a relatively limited
sample size such as in this study.

RESULTS

Strength testing

Table 2 summarizes the descriptive statistics of the vari-
ables examined. Parametric testing revealed no significant
difference between the mean values of knee extension

Table 2. Functional testing of knees at least one year after total knee arthroplasty (involved/uninvolved knees) (n=15).

Descriptive statistics t-test
Involved Uninvolved Total t df p
Knee extension maximal peak torque at 60°/s (Nm) N 15.0 15.0 30.0 -1.570 14 0.139
M 61.8 703 66.0
SD 19.6 26.3 23.2
Mdn 60.9 62.2 61.0
Min 35.0 31.8 31.8
Max 96.7 133.0 133.0
Knee extension maximal peak torque at 180°/s (Nm) N 15.0 15.0 30.0 -2.356 14 0.034
M 40.4 46.4 43.4
SD 14.2 155 14.9
Mdn 41.7 45.2 43.0
Min 17.4 26.2 17.4
Max 65.2 76.6 76.6
Knee flexion maximal peak torque at 60°/s (Nm) N 15.0 15.0 30.0 -1.622 14 0.127
M 33.8 38.5 36.1
SD 12.6 15.6 14.1
Mdn 345 39.9 39.0
Min 13.3 15.0 13.3
Max 61.1 75.1 75.1
Knee flexion maximal peak torque at 180°/s (Nm) N 15.0 15.0 30.0 -0.624 14 0.543
M 239 24.9 244
SD 9.7 9.3 9.3
Mdn 26.3 253 253
Min 3.9 4.1 3.9
Max 40.6 429 429

M: Mean, SD: Standard deviation, Mdn: Median, Min: Minimum, Max: Maximum
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maximal peak torque at 60°/s of the involved and unin-
volved knees (tab. 2).

A statistically significant difference was demonstrated
between the mean values of knee extension maximal
peak torque at 180°/s of the involved and uninvolved
knees (tab. 2).

Analysis revealed no significant difference in knee flex-
ion maximal peak torque at 60°/s and 180°/s, between the
mean values of the involved and uninvolved knees (tab. 2).

Correlation between functional knee test scores
and isokinetic testing

In addition to the independent covariates (knee extensor
and flexor strength), demographic variables were included
in the stepwise analysis to take into account potential
sources of variation not explained by the main covariates
of the study. The dependent variables (i.e. the functional
knee test scores) were initially checked for normal distribu-
tion by KS testing.

6-minute walk test (6MWT)

The results of the four models using the 6MWT as depen-
dentvariable are summarized in table 3. In the first model,
the parametric Pearson'’s correlation coefficient revealed a
moderate positive association between 6MWT and knee
extension peak torque at 60°/s, r(15)=0.525, p=0.044. LR
analysis indicated only knee extension maximal peak torque
at 60°/s as a significant predictor, explaining 27.6% of the
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variance in 6MWT (R2=0.276, F(1,13)=4.951, p=0.044).The
estimated parameter for knee extension maximal peak
torque at 60°/s (t=2.225, p=0.044) (tab. 3) indicates that
for every unitincrease in the knee extension maximal peak
torque at 60°/s, the 6MWT score will increase by 1.703 units.

In the second model, a moderate positive association
was demonstrated between 6MWT and knee extension
maximal peak torque at 180°/s, r(15)=0.647, p=0.009 (tab.
3). Only knee extension maximal peak torque at 180°/s was
a significant predictor, explaining 41.8% of the variance in
6MWT (R2=0.418, F(1,13)=9.350, p=0.009). For every unit
increase in the knee extension maximal peak torque at
180°/s, the 6MWT score will increase by 2.898 units (t=3.058,
p=0.009) (tab. 3).

In the third model, a moderate positive association
was found between 6MWT and knee flexion maximal peak
torque at 60°/s, r(15)=0.569, p=0.027 (tab. 3) which was a
significant predictor explaining 32.4% of the variance in
6MWT (R2=0.324, F(1,13)=6.217, p=0.027). For every unit
increase in the knee flexion maximal peak torque at 60°/s,
the 6MWT score will increase by 2.861 units (t=2.493,
p=0.027) (tab. 3).

In the fourth model, a moderate positive association
was demonstrated between 6MWT and knee flexion maxi-
mal peak torque at 180°/s, r(15)=0.615, p=0.015 (tab. 3),
which was a significant predictor, explaining 37.9% of the
variance in 6MWT (R2=0.379, F(1,13)=7.922, p=0.015). For
every unitincrease in knee flexion maximal peak torque at
180°/s, the 6BMWT score will increase by 4.036 units (t=4.036,
p=0.015) (tab. 3).

Table 3. Linear regression models for 6 minute walking test (6MWT) at least one year after total knee arthroplasty (n=15).

F p B SE t p

Constant 172.555 49.439 3.490 0.004
4.951 0.044

Knee extension maximal peak torque at 60°/s 1.703 0.765 2.225 0.044

Notes: R=0.525, p=0.044, R2=0.276

Constant 160.526 40.469 3.967 0.002
9.350 0.009

Knee extension maximal peak torque at 180°/s 2.898 0.948 3.058 0.009

Notes: R=0.647, p=0.009, R2=0.418

Constant 181.127 41.197 4.397 0.001
6.217 0.027

Knee flexion maximal peak torque at 60°/s 2.861 1.147 2.493 0.027

Notes: R=0.569, p=0.027, R2=0.324

Constant 181.336 36.783 4.930 <0.001
7.922 0.015

Knee flexion maximal peak torque at 180°/s 4.036 1.434 2.815 0.015

Notes: R=0.615, p=0.015, R2=0.379
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Timed “Up-and-Go” test (TUG)

The results of the four models using TUG as dependent
variable are summarized in table 4.

In the first model, a moderate negative association was
found between TUG and knee extension maximal peak
torque at 60°/s, r(15)=-0.646, p=0.009 (tab. 4), which was
a significant predictor, explaining 41.7% of the variance
in TUG (R2=0.417, F(1,13)=9.298, p=0.009). For every unit
increase in the knee extension maximal peak torque at
60°/s, the TUG score will decrease by 0.099 units (t=-3.049,
p=0.009) (tab. 4).

In the second model, a strong negative association was
revealed between TUG and knee extension maximal peak
torque at 180°/s, r(15)=-0.714, p=0.003 (tab. 4), which was
a significant predictor, explaining 51.0% of the variance
in TUG (R2=0.510, F(1,13)=13.533, p=0.003). For every
unit increase in knee extension maximal peak torque at
180°/s, the TUG score will decrease by 0.151 units (t=-3.679,
p=0.003) (tab. 4).

In the third model, no association was found between
TUG and knee flexion maximal peak torque at 60°/s, r(15)=
-0.246, p=0.378 (tab. 4).

In the fourth model, no association was found between
TUG and knee flexion maximal peak torque at 60°/s, r(15)=
-0.445, p=0.096 (tab. 4).

I.POULIS et al

Stair Climbing test

The results of the four models using the SCT as depen-
dent variable are summarized in table 5.

In the first model, a moderate negative association was
found between SCT and knee extension maximal peak
torque at 60°/s, r(15)=-0.549, p=0.034 (tab. 5), which was
a significant predictor, explaining 30.1% of the variance
in SCT (R2=0.301, F(1,13)=5.609, p=0.034). For every unit,
increase in the knee extension maximal peak torque at
60°/s, the SCT score will decrease by 0.467 units (t=-2.368,
p=0.034) (tab. 5).

In the second model, a moderate negative associa-
tion was demonstrated between SCT and knee extension
maximal peak torque at 180°/s, r(15)=-0.589, p=0.021 (tab.
5), which was a significant predictor, explaining 34.7% of
the variance in SCT (R2=0.347, F(1,13)=6.907, p=0.021). For
every unit increase in the knee extension maximal peak
torque at 180°/s, the SCT score will decrease by 0.692 units
(t=-2.628, p=0.021) (tab. 5).

In the third model, no association was found between
SCT and knee flexion maximal peak torque at 60°/s, r(15)=
-0.343, p=0.211 (tab. 5).

In the fourth model, no association was found between
SCT and knee flexion maximal peak torque at 60°/s, r(15)=
-0.345, p=0.208 (tab. 5).

Table 4. Linear regression models for the Timed “up & go”test (TUG) at least one year after total knee arthroplasty (n=15).

F P B SE t p
Constant 17.214 2.090 8.235 <0.001
9.298 0.009
Knee extension maximal peak torque at 60°/s -0.099 0.032 -3.049 0.009
Notes: R=-0.646, p=0.009, R2=0.417
Constant 17.218 1.750 9.838 <0.001
13.533 0.003
Knee extension maximal peak torque at 180°/s -0.151 0.041 -3.679 0.003

Notes: R=-0.714, p=0.003, R2=0.510

Table 5. Linear regression models for the Stair-Climbing test (SCT) at least one year after total knee arthroplasty (n=15).

F p B SE t p
Constant 64.337 12.737 5.041 <0.001
5.609 0.034
Knee extension maximal peak torque at 60°/s -0.467 0.197 -2.368 0.034
Notes: R=-0.549, p=0.034, R2=0.301
Constant 63.493 11.249 5.644 <0.001
6.907 0.021
Knee extension maximal peak torque at 180°/s -0.692 0.263 -2.628 0.021

Notes: R=-0.589, p=0.021, R2=0.347
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DISCUSSION

The authors hypothesized that patients who have
undergone TKA will exhibit asymmetry in peak isokinetic
knee muscle torque between the operated and contralat-
eral limbs, one year after surgery. This hypothesis was not
completely supported by the study data.

The results of this study showed that 12 months after
unilateral TKA, the mean peak torque of the extensor
muscles in the operated leg was not significantly weaker
than that of the muscles in the non-operated leg, at 60°/s.
This contrasts with the reports of other investigators who
consistently found significant differences in both isomet-
ric’*”’> and isokinetic measurements.?’ The box plot in
figure 1 shows that the distribution of the peak torque
value of the extensors at 60°/sec is concentrated higher
in the uninvolved than in the involved knee, although not
to a statistically significant degree. This lack of significance
may be attributed to the small number of participants in
the present study. The absence of significant side-to-side
differences between the operated and the non-operated
leg might be attributable to the everyday activities of the
subjects. Some authors’’ reported that weakness of the
knee extensor muscles in people after TKA was closely
associated with mobility limitations. The rural lifestyle of
the subjects in this study may have forced them to par-
ticipate in more activities than the average urban patient.
It is therefore an open question whether the lifestyle of
the patients and their everyday activities play a greater
role in the recovery of muscle strength than a standard
rehabilitation programme.

At the velocity of 180°/s, the mean maximal peak torque
of the extensor muscles of the operated leg was statisti-
cally significantly weaker than that of the non-operated
leg. Researchers’® have reported that the muscle strength
remains 35% lower in people with TKA than in age-matched
subjects, even 13 years after surgery. This muscle group

1264

at 60 deg/sec

Knee Extension
Peak Torque

Involved Knee Uninvolved

Figure 1. Boxplot of knee extension peak torque (involved/uninvolved
knees) at 60°/s one year after unilateral total knee arthroplasty (n=15).
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should receive attention during assessment and rehabilita-
tion of degenerative knee joint problems, at this particular
velocity.

The results of this study showed that 12 months after
TKA, the flexor muscles of the operated leg at both 60°/s
and 180°/s, showed no statistically significant differences
between the mean maximal peak torques of the muscles. A
comparison of the results of the present study with previ-
ous reports is difficult because to the authors’knowledge
only one study?’ calculated the muscle strength deficit
for the flexor muscles at 60°/s, finding knee flexor torque
deficit (13%) an average of 10 months after TKA. The only
data on flexor muscles in the operated leg, for the veloc-
ity of 180°/s (21.5+9.80), were reported by Huang and
colleagues.’” Before this muscle group is given more at-
tention in rehabilitation, further studies need to be made
to determine a better approximation of the differences
between the two limbs.

It was hypothesized that peak torque of the operated
knee produced across two main isokinetic velocities would
be significantly correlated with performance in functional
tests of the legs. LR analysis was used to study the effect
of knee extensor and flexor strength (specifically, knee
extension maximal peak torque at 60°/s and 180°/s, and
knee flexion maximal peak torque at 60°/s and 180°/s) on
the three functional tests 6MWT, TUG, and SCT.The findings
demonstrate that measurements of maximal peak knee
flexor and extensor torque across two isokinetic veloci-
ties are correlated with functional performance tests 12
months after TKA.

SCT and TUG are time-based measures where a better
performance is equivalent to a lower score (i.e., the time
taken); therefore, a negative correlation coefficient with
peak torque would suggest that greater torque is related
to better SCT and TUG performance. Conversely, 6MWT
is the distance covered in 6 minutes, a lower score is an
indication of poorer performance, and therefore a positive
correlation with peak torque would suggest that the greater
the torque the better the 6MWT distance.

6-minute walk test (6MWT)

Maximal knee extensor peak torque at 60°/s and 180°/s
was positively associated with the walking ability of the pa-
tients. Greater quadriceps strength resulted in a significantly
longer distance travelled during the 6MWT test. Isokinetic
strength of the knee extensor muscles was closely related
to the functional variables of our model and LR indicated
that the extension peak torque at 60°/s explains 27.6% of
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the variance of the 6MWT whilst maximal knee extension
peak torque at 180°/s explains 41.8% of the variance of
the 6MWT.

A patient with a strong quadriceps will walk further
distance in the 6MWT. In the clinical environment where
patients may do only a limited number of exercises, to be
able to target the exercises with the greatest impact on
functional activities is a key towards a successful reha-
bilitation program. The information provided by this study
illustrates the extent of the importance of the quadriceps
strength and in particular shows that the higher speed
(180°/s) quadriceps results appear more important for the
ability to walk than the lower speed.

The findings of the current study support previous
reports that measurement of leg extensor power was
associated with functional performance in patients after
TKA.* The association between maximal isometric knee
extensions and function in that study® was similar (i.e.,
measurement of function compared with normalized knee
extension strength r=0.51, p=0.001) with that in the present
study (r=0.525, p=0.647).

Leg extension power is thought to be an important
determinant of walking speed after TKA.>? A strong asso-
ciation has been reported between quadriceps strength
in the operated limb after 12 months and the 6MWT test
(r=0.902, p<0.05),° but Yoshida and colleagues®’*#’ mea-
sured quadriceps strength with an isometric contraction
at 75° of knee flexion. A dynamic strength measurement
in this study revealed a moderate association between
6MWT and maximal knee extension peak torque at 60°/s
(r=0.525, p=0.044).

Positive correlation was found between the 6MWT result
and the flexor strength measures at both 60°/s and 180°/s,
indicating that individuals who produced higher levels of
peak power walked further during the test.

Patients after TKA need strengthening and reeduca-
tion in the use of not only the knee extensors but also the
knee flexors, a practice not widespread among clinicians.
Isokinetic strength of the knee flexor muscles was closely
related to 6MWT, and LR indicated that the flexion peak
torque at 60°/s explains 32.4% of the variance and maximal
knee flexion peak torque at 180°/s explains 37.9% of the
variance in 6GMWT.

To the knowledge of the authors, this is the first time LR
has been applied to the relationship between the 6MWT
test and the flexor strength measures. In the event that a
patient wants to walk more after TKA, the rehabilitation
program should concentrate not only on the quadriceps,
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but also on the flexor muscles in order to achieve its goals.

Timed Up-and-Go and Stair Climbing test

Negative correlation was exhibited between the torque
measurements and the functional assessment according
to TUG and SCT, showing that individuals who produced
lower levels of peak torque needed more time to complete
these two tests.

Decreased lower-limb muscle power is one of the fac-
tors underlying mobility limitations in older adults. Some
investigators’? have reported that quadriceps strength was
correlated with functional performance at all testing ses-
sions from pre-surgery until 6 months after TKA, at which
point a plateau in measurement outcome appears. Others’’
reported that weakness of the knee extensor muscles in
people with TKA was closely associated with mobility limi-
tations, especially in stair-climbing tasks and the TUG test.

Leg extension power is reported to be an important
determinant of stair-ascending time after knee replace-
ment.* It has also been reported?’ that torque deficits are
associated with longer stair-ascending and stair-descending
times, but not with maximal walking speed.

The above reports are all in partial agreement with the
results of the present study, which showed that in subjects
recovering from TKA a large strength deficit in knee exten-
sors is associated with limitations in stair climbing and
TUG and with reduced walking speed. It would appear
that because walking is a common functional task, the
non-operated leg may be able to compensate partially for
problems in the operated leg. In order, however, to perform
more-demanding functional tasks, such as stair ascending
and descending, a person needs more power and force
production in the knee extensor muscles.

No association was found between performance on
TUG and SCT and the knee flexors at either isokinetic speed.

In conclusion, patients who have undergone unilateral
TKA do not demonstrate significant functional differences
between the legs 12 months after the operation. The only
difference between the mean maximal peak torque of the
two knees was in the extensor muscles at a velocity of 180°/s,
indicating that the rehabilitation programme of a more
active lifestyle for patients should be adapted accordingly.

After TKA, maximal knee extension strength was closely
associated with the performance on functional tests. Pa-
tients need strengthening of not only the knee extensors
but also the knee flexors in order to be able to walk more.
Exercises for knee extensors at a higher speed appear
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important in the ability to walk and to negotiate stairs ef-  during rehabilitation. Functional tests should be considered
fectively. Measurement of knee strength may be a useful  when evaluating gait and function, as well as the design
tool for clinicians when assessing and setting milestones  of the rehabilitation program following TKA.

NMEPIAHYH

Txéon HETAEL péong HEYLIOTNG IOOKIVNTIKIG POTTAG KAl AEITOUPYIKAG anmédoong,
12 PAVEG META amO OAIKN) apOpPOTTAACTIKA YOVATOG
I. MOYAHZ," K. BAXXHX," E. KATIPEAH,' T. XAAOZX,?2 X. XAAOX,* A. KANEAAOINOYAOL!
"Turjua @uoikoBeparsiag, TexvoAoyikd EkmaiSeutikd 16puua Stepedc EAAGSag, Aauia,
2AptototéAcio lNavemotruio Osooalovikng, Osooalovikn, *[eviké Noookopeio Aauiag, Aauia

Apxeia EAAnviknc latpikric 2017, 34(3):363-372

ZKOMOX M£tpnon TNG CUOXETIONG METAEY TNG MEONG LEYIOTNG LOOKIVNTIKAG POTTHG TWV HUWV TOL YOVATOG KAl TNG AEL-
TOUPYIKAG armodoong 12 PAVEG HETA TN LOVOTTIAEUPN OAIKH apBpomAaoTikn yovatog (OAT). YAIKO-ME®OAOX Aska-
mévte aoBeveic mov umoPARONKav o€ povomAeuvpn OAT cuppEeTEixav oTn HEAETN. Ol HEOCEG PEYIOTEG LOOKIVNTIKEG PO-
TIEG TETPAKEPANOUL Kal OTioOIwV pnplaiwv a§lohoyndnkayv, XpnoIOTTIOIWVTAG IOOKIVNTIKO SUVAUOUETPO OTIG YWVIAKEG
TaxUTNTEG TWV 60°/s Kat 180°/s. H Aeitoupyikry amédoon a&lohoyrOnke, epappolovtag 1o Stair-Climbing test (SCT), to
Timed Up-and-Go test (TUG) kat to 6-minute walk test (6MWT). AMOTEAEZMATA H péon péyloTn pOoTTH TWV HUWV
TOU YOvVaTOoG OTIG SU0 YWVIOKEG TAXUTNTEG CUCXETIOTNKE UE TA AEITOVPYIKA amoteAéopata andédoong twv acOevwv. H
AEITOVPYIKN AT6S00N NTAV OTATIOTIKWG ONUAVTIKA CUOXETICOUEVN E TN HECN HEYIOTN POTIH TWV EKTEIVOVTWY HUWV
Kal oTIG SVO LIOOKIVNTIKEG TAXUTNTEG. TO 6MWT CUOCXETIOTNKE CNUAVTIKA PE TN HEON HEYIOTN POTIN TWV KAUTTTHPWV
HUWV Kal 0TI SUO YWVIAKEG TAXUTNTEG. H pévn oTaTIoTIKA onUavTiKh Sta@opd HeTA&L TNG PEONG MEYIOTNG POTTHG TWV
SU0 AKPWV APOPOVUCE OTOUG EKTEIVOVTEG OTN YWVIAKN TaxUTnTa Twv 180°/s. € Auth TNV TaXUTNTA, N HEON MEYIOTN
POTIN TWV EKTEIVOVTWYV HUWV TOU XEIPOUPYNHEVOU OKEAOUG ATAV ONUAVTIKA acOeVECTEPN AT’ &, TL OTO N XELPOUPYN-
Hévo OSL. Ol KAPTITAPEG TOU XEIPOUPYNUEVOU OKEAOUG, TOOO OTIG 60°/s 600 Kal oTIG 180°/s, eV €ixav OTATIOTIKA ON-
HAVTIKEG SLAQOPEG OTN HECN UEYLOTN POTIH TOUG OE OXE0N UE TO LYLEG OKENOG. ZYMMEPAZMATA Ta anmoteAéopata
TNG POTTAG TWV EKTEIVOVTWYV HUWV TOU YOVATOG UTTOPE( VA ammoTEAOUV €va XPOLUO EPYAAEIO Yia TOUG KAIVIKOUG KATA
TNV a§loAéynon Kal Tov KaBoplopd oToxwV Katd tTn SIAPKELA TNG ATTOKATACTAONG.
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NéEeig evupeTnpiou: Avtikatdotaon yovatog, Amote éopata alohoynong, Avvapn, Aertoupyikn andédoon
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