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UNILATERAL STRENGTH TRAINING AFTER TOTAL KNEE ARTHROPLASTY LEADS
TO SIMILAR OR BETTER EFFECTS ON STRENGTH AND FLEXIBILITY THAN
BILATERAL STRENGTH TRAINING — A RANDOMIZED CONTROLLED PILOT STUDY
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Objective: Unilateral strength training has been
shown to be more effective than bilateral training
to increase strength in healthy people. The aims of
this study were to test the feasibility of unilateral
strength training during total knee arthroplasty
(TKA) rehabilitation and compare it with standard
bilateral training.

Methods: Twenty-four TKA patients from an inpa-
tient rehabilitation programme were randomly
assigned to unilateral and bilateral strength training
groups. Both groups completed 6 strength training
sessions during 3 weeks of rehabilitation. Isometric
strength, knee joint flexibility, knee circumference,
chair rise and walking abilities, and perceived exer-
tion and pain were assessed before and after the
training period.

Results: Both training groups increased isome-
tric strength of both legs (+17-25%) and flexi-
bility of the affected leg (+7.6%). Improvements
in isometric strength of the healthy leg (+23% vs
+11%) and flexibility of the affected leg (+10.7%
vs +4.5%) were greater in the unilateral training
group. Chair rise and 2-min walk test results impro-
ved in both groups, to the same extent. Perceived
exertion decreased only in the unilateral training
group (-20%), while perceived pain did not change
in either group.

Conclusion: This study showed the feasibility of
unilateral strength training in TKA rehabilitation.
Strength and flexibility improved similarly or bet-
ter with unilateral strength training compared with
standard bilateral strength training. Future studies
should analyse the efficacy of prolonged unilateral
strength training following TKA.
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/LAY ABSTRACT A

The rehabilitation process following a total knee repla-
cement surgery is aimed at regaining strength and flexi-
bility of the knee joint and improving the movements
of daily living, such as walking and standing up from
a chair. However, to date, it is not known which kind
of strength training is most effective in achieving this
aim within a rehabilitation programme. During standard
rehabilitation, both legs are trained. The current study
tested whether training of the affected leg only is fea-
sible, and compared it with standard strength training
of both legs. Training the affected leg only resulted in
greater improvements in flexibility and similar or greater
improvements in strength. Both types of training resul-
ted in improvements in walking and standing up from
a chair. In conclusion, strength training of the affected
leg only is a feasible alternative to standard strength
training with both legs in total knee replacement reha-

bilitation.
N J

Knee osteoarthritis due to the degeneration of car-
tilage is a burden for many older people. If the
pain becomes unbearable and other therapies are not
successful, total knee arthroplasty (TKA) is the last
resort. In Organization for Economic Co-operation
and Development (OECD) countries, the number of
TKAs performed increased by 35% between 2009 and
2019, with a mean incidence of 174 knee replacement
surgeries per 100,000 population (1) in 2019. Accor-
ding to recent estimations, the incidence of TKA in
Germany is anticipated to increase to 379 per 100,000
inhabitants by 2040 (2). This high incidence of TKA,
especially in highly-developed countries, explains
the need for well-suited rehabilitation programmes.
Typical challenges after TKA surgery are a loss of
strength and flexibility in the affected knee joint. These
deficits significantly affect activities of daily living,
such as walking, squatting, or climbing stairs, even a
year after surgery (3).

The loss of strength in the muscles surrounding the
knee joint is thought to be due to a combination of
both atrophy and neuromuscular activation deficits (4).
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Therefore, guidelines for postoperative TK A rehabili-
tation include strength training/resistance exercise as a
main pillar to regain knee joint function (5-7). While
the need for strengthening exercise following TKA
is undoubted, guidelines for rehabilitation are still in
development, and further evidence-based recommen-
dations are necessary.

A limited knee range of motion (ROM) following
TKA may have several causes, and is significantly
correlated with age, body mass index (BMI),
implant design, surgical technique, pain, and pre-
operative ROM (8). The rehabilitation strategy used
to increase knee ROM typically consists of passive
knee ROM exercise, joint mobilization, cryoth-
erapy, and functional training, including gait and
stair stepping (7). Regaining a high level of knee
flexibility is related to the fulfilment of patients’
expectations, their functional ability, and improved
perception of their knee (9). An additional path to
increasing ROM might be strength training. A recent
review (10) showed that strength training, when
applied over the whole ROM, has similar effects
on flexibility as stretching exercises, at least in a
healthy population.

Due to its multiple positive effects, bilateral strength
training of the lower limbs is typically included in
rehabilitation protocols. Training intensities are cal-
culated from the bilateral one-repetition maximum (5).
However, based on the theory of the bilateral deficit
(11), i.e. reduced bilateral force production compared
with the summed unilateral force production from the
same homologous muscles, this might underestimate
the muscle capacity, and hence limit the training result.
Furthermore, unilateral strength training has been
reported to produce greater increases in muscle strength
than bilateral strength training in young women (12).
Considering that most TK As are performed only on 1
knee, and considering the limited training period for
patients in an inpatient rehabilitation setting, unilateral
strength training seems to be a promising and efficient
way to improve strength and flexibility.

The aim of this study was to analyse the feasibility
and the effects of unilateral strength training compared
with routine bilateral strength training of the lower
limbs on muscle strength, flexibility, and function in
patients several weeks after TKA.

METHODS

Study design

Participants in this open-label randomized controlled
study with parallel trials took part in an inpatient reha-
bilitation programme following TKA. At the beginning
of'their 3-week stay in the rehabilitation centre, eligible
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patients were informed about the study and invited to
participate. Patients who agreed to participation were
asked to blindly pick an envelope with the assignment
to either an intervention group (IG) or a control group
(CG). Both groups underwent the same routine rehabi-
litation programme, consisting of flexibility training,
proprioception training, water aerobics, treadmill
training, ergo cycle training, and strength training.
This led, depending on organizational conditions,
to an overall training load of 8—12 training sessions/
week. The only difference between the groups was the
strength training, which was performed unilaterally on
the affected leg in the intervention group or bilaterally
in the control group. Before the first session and fol-
lowing the 6 strength training sessions, the participants
underwent tests of knee flexibility, muscular function,
and isometric strength. These tests took place a day
after the last strength training session or on the same
day, but at least 3—4 h after the last strength training
session. Furthermore, the rate of perceived exertion
and subjective pain were recorded after each strength
training session. All tests were performed at the reha-
bilitation centre.

Participants

Patients were eligible to enter the study if they had
undergone TKA surgery between 7 and 19 weeks pre-
viously. Exclusion criteria were a second TKA on the
other leg or revision surgery of the affected knee. The
sample size was calculated based on previous results
from Botton et al. (12), who reported significantly grea-
ter changes in strength following unilateral compared
with bilateral strength training, with a medium effect
size (d=0.61). Therefore, the minimum number of
participants (mixed-factor repeated-measures analysis
of variance (ANOVA) (factors: group (2) and time (2)),
medium effect size (n*p=0.1, £=0.33), power=0.8,
alpha=0.05, estimated correlation=0.6) was calcula-
ted to be 9 participants/group, with G*Power (13). A
total of 24 subjects agreed to participate in the study.
Each participant provided written informed consent
to participate in the study, which was approved by the
University of Graz Ethics Commission (nr. 39/75/63
ex 2020/21). For reasons unrelated to the unilateral
training, 2 participants (1 control group/1 intervention)
did not finish the study, which led to 11 participants in
each group (Fig. 1). Demographic and anthropometric
data of the participants are shown in Table 1.

Intervention

A sports scientist or a physiotherapist supervised each
of'the 6 strength training group sessions (4 participants/
group) every other weekday. The strength training
consisted of 4 exercises (leg press, calf raise, knee
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Assessed for eligibility (n=66)

Excluded (n=42)

Not meeting inclusion
critera (n=42)

Randomized (n=24)

I

Allocated to unilateral
intervention (n=12)

Lost to follow-up (did not finish
rehabilitation) (n=1)

Assessed (n=11) ‘

Fig. 1. Study flow chart.

Table I. Demographic and anthropometric data of the study
participants

Intervention group

(n=11) Control group (n=11)

Mean £ SD Mean £SD
Sex 6 males/5 females 4 males/7 females
Age (years) 62.5+9.7 59.1+6.1
Mass (kg) 93.8+17.8 85.1+£11.1
BMI (kg/m?2) 32.4+£7.3 29.8+3.9
Time post-surgery 11.6+3.9 11.8+4.1
(weeks)

SD: standard deviation; BMI: body mass index.

flexion, knee extension). Depending on the group as-
signment, the participants performed these exercises
either unilaterally on only the affected leg or bilaterally.
Each exercise was performed in 4 sets of 15 repetitions,
with 1 min of rest between sets. The intensity of the
exercises was controlled such that the patient could
repeat the exercise 15 times in every set, so that the
final 3 repetitions should be very exhausting. In case a
participant would have been able to perform more than
15 repetitions in the first set, the weight was increased
slightly for the following sets. Each strength training
session was documented, including the patient’s sub-
jective rate of perceived exertion and pain.

Outcomes
Isometric strength. The main outcome measure was
isometric knee extension strength determined with an

Allocation

Follow-up

Assessment

Allocated to bilateral
intervention (n=12)

Lost to follow-up (did not finish
rehabilitation) (n=1)

Assessed (n=11) l

electronic force sensor (VPG Force Sensors, Model
1022, Tedea — Huntleigh, Netanya, Israel, 25 KHz)
which was mounted to the wall. Each participant sat
on a chair with their knee angle at 90° and was asked
to push against the force sensor with maximum volun-
tary effort with the affected leg (isometric maximum
voluntary contraction; IMVC_, ,) and the healthy leg
(IMVC,), respectively. No verbal encouragement
or visual feedback was given. The maximum value
of the isometric force curve (which was provided in
kg) was recorded. After a rest break of 1 min, the test
was repeated twice more, and the mean of the 2 best
measurements was taken for further analysis. The
intraclass correlation coefficients (2-way mixed) bet-
ween the 2 best measurements from test day 1 were
excellent with values of 0.99 (CI 0.976-0.996) and
0.98 (CI 0.944-0.990) for the affected and the healthy
leg, respectively. This resulted in standard error of
measurements of 0.63 and 0.83 kg for the affected and
the healthy leg, respectively.

Flexibility and knee circumference. Flexibility was
assessed using a handheld goniometer (Saehan 360-D2,
Saehan Medical, South Korea) by an experienced
physiotherapist. Handheld goniometers of this kind
are reported to have an inter-rater reliability of 0.99
and a standard error of measurement of 0.84° (14). The
knee circumference was measured using a flexible tape
measure, 15 cm proximal to the superior patella edge,
in a standing position, without any muscle activation.
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Functional tests. To test the muscular function of
the participants, a chair rise test (CRT) and a 2-min
walking test 2MWT) were performed. During the CRT
(15), the time for 5 consecutive stand-ups from a chair
with arms crossed was measured with a stopwatch
(15). During the 2MWT, which has been shown to
be a valid and reliable test in TKA patients (16), the
walking distance participants could cover in 2 min was
measured on a 25-m track.

Rate of perceived exertion and pain. Participants
provided information about their rate of perceived
exertion, which was assessed using the 620 Borg
scale (17), and the amount of pain on a 10-cm visual
analogue scale (VAS) (18).

Statistical analysis

Data are presented as means and standard deviations,
with 95% confidence interval, for changes from
before to after the intervention. Data were tested
for normal distribution using a Shapiro—Wilk test.
To assess the effect of the intervention for normally
distributed data, a 2-factor mixed ANOVA (between-
factor: group; within-factor: time; interaction: group %
time) was used. In the case of a significant interaction,
post-hoc #-tests with corrections according to Holm
(19) were used to determine possible differences in
the changes between groups (IG vs CG). In the case
of the data not being normally distributed (only for
Borg, VAS) the effect of the intervention was assessed
using Wilcoxon tests, to determine the changes within
the groups. All statistical tests were performed using
SPSS (version 27.0, SPSS Inc., Chicago, IL, USA),
with alpha levels of 0.05. Effect sizes are given in
terms of partial eta-squared measures (n?p). Effect
sizes were interpreted as small (>0.01), medium
(>0.06), and large (>0.14) (20).

RESULTS

Detailed values of the analysed parameters before
(PRE) and after (POST) the rehabilitation period are
summarized in Tables II and II1.
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The isometric force in the affected leg (IMVC,,,)
increased in both groups, showing a significant time
effect (F(1,20)=60,898, p<0.01, n?>p=0.753) but no
interaction effect (F(1,20)=0.003, p=0.96, *p < 0.01).
The collapsed values for both groups increased signifi-
cantly, from 17.54 t0 21.86 kg (+25%, p<0.01) (Fig. 2A).

The isometric force of the healthy leg IMVC,
increased in both groups, showing a significant
time effect (F(1,20)=57.040, p<0.01, n*p=0.740,
+17%), with a greater increase in the intervention
group, as shown by the significant interaction
effect (F(1,20)=6,245, p=0.02, n?>p=0.238) and
a significant difference in the change from PRE
to POST (IG: +4.94 kg; CG: +2.48 kg, p=0.02)
(Fig. 2B).

Knee flexion flexibility increased and showed a
significant time effect (F(1,20)=65.516, p<0.01,
nN?p=0.761) and a significant interaction effect
(F(1,20)=10.769, p<0.01, n?p=0.350). The increase
in the intervention group was significantly greater than
in the control group (IG: +10.9°; CG: +4.5°, p<0.01)
(Fig. 2C).

The ANOVA for knee circumference (KC)
values did not show any significant time effect
(F(1,20)=0.001, p=0.98, n?p<0.01) or interaction
effect (F(1,20)=1.112, p=0.30, n?p=0.05).

CRT values decreased in both groups, showing a
significant time effect (F(1,20)=45.170, p<0.01,
1?p=0.693) but no interaction effect (F(1,20)=0.376,
p=0.55, n?p=0.018). The collapsed values for both
groups decreased from 11.1 to 8.5 s (p<0.01).

The distance in the 2-min walk test (2MWK)
increased in both groups, showing a significant time
effect (F(1,20)=47.274, p<0.01, n?p=0.703) but no
interaction effect (F(1,20)=0.009, p=0.93,n?’p<0.01).
The collapsed values for both groups increased from
154.5 to 181.6 m (p<0.01).

A Wilcoxon test showed that the rate of perceived exer-
tion (Borg) decreased significantly in the intervention
group (p<0.01), but not in the control group. Perceived
pain following the strength training sessions did not
change significantly (for detailed values, see Table III).

Table II. Variables before (PRE) and after (POST) rehabilitation (mean and standard deviation (SD))

IG (unilateral)

CG (bilateral)

Variable PRE POST A (95% CI) PRE POST A (95% CI)
IMVC,,,, (kg)? 18.4£6.6 22.7£7.0 4.3 (2.5t06.3) 16.7£6.3 21.1%5.9 4.3 (3.4t05.4)
IMVC, (kg)*® 21.1£5.9 26.0%5.8 4.9" (3.8 t0 6.4) 21.4+4.3 23.945.0 2.5 (1.2 to 4.1)
Flexibility (°)2® 101.8+15.7 112.7+17.1 10.97 (8.2 to 13.2) 101.8+12.1 106.4%11.0 4.5 (1.9t0 7.5)
KC (cm) 55.3+7.9 55.6+7.4 0.3 (0.8 to 1.4) 53.844.2 53.5+3.8 ~0.3 (=0.9 to0 0.3)
CRT(s) 10.5%2.5 8.1+1.0 2.4 (-3.7t0 -1.2) 11.6+1.5 8.8+1.3 —2.8(-3.8to -1.9)
2MWT (m)? 166.2+36.8 193.6+34.3 27.5 (20.2 to 34.4) 142.9425.2 169.6+23.2 26.7 (11.9 to 38.4)

aSignificant time effect, Psignificant interaction effect, *significantly different from control group (CG).
IG: intervention group; A (95% CI): difference (95% CI); IMVC,,,/IMVC, isometric knee extension force of the affected/healthy leg; KC: knee circumference of

the affected knee, CRT: chair rise test, 2MWT: 2-min walk test.

J Rehabil Med 55, 2023


https://medicaljournalssweden.se/index.php/jrm/index

JRM

JRM

(A) TKA leg

w
wu

m—— unilateral
o----- bilateral *

N [ w
o w o

=
w

Isometric strength (kg)

=
o

PRE POST PRE

Unilateral strength training after total knee arthroplasty

(B) Healthy leg

p. 50of 7

(C) TKA leg

[
w
[0

*

m—— unilateral

o
s 0----- bilateral
N = 425
k]
x
2 115
[
g
= 105
£
=1
E 95
x
]
= g5
POST PRE POST

Fig. 2. Maximum isometric strength of the total knee arthroplasty (TKA) leg (A) and the healthy leg (B) and maximum knee flexion (C) before
(PRE) and after (POST) unilateral and bilateral strength training. Mean and standard deviation (SD). *Significantly different from PRE, #significantly

greater increase than after bilateral training.

Table III. Mean value and standard deviation (SD) of the variables
describing rate of perceived exertion (Borg) and pain (VAS) before
(PRE) and after (POST) the rehabilitation

IG (unilateral)

CG (bilateral)

Variable PRE POST PRE POST
Borg 12.0+£2.4 9.6+1.4" 12.1+£2.5 10.1+£2.7
VAS 3.2+2.2 2.7+1.6 3.6+£2.2 2.8+1.9

*Significantly different to PRE values.
IG: intervention group; CG: control group; VAS: visual analogue scale.

DISCUSSION

This study demonstrates that unilateral strength
training is as feasible for participants as traditional
bilateral strength training during TKA rehabilitation.
Participants in both training groups increased the iso-
metric strength of their knee extensors, with greater
strength increases seen in the healthy leg in the unila-
teral training group. Both interventions increased the
flexibility of the affected leg, with greater changes
following unilateral training. Furthermore, both groups
increased their functional performance in standing up
from a chair and walking short distances, to the same
extent. Perceived exertion decreased in the unilateral
training group, but not in the bilateral training group.
Only 1 participant terminated the programme in the
unilateral group, for reasons not related to the strength
training. Furthermore, the participants did not report
any increase in subjective pain, as measured by VAS.
Hence, unilateral strength training can be considered
as safe and feasible in TKA rehabilitation.

Both training groups were able to increase the isome-
tric strength of the affected leg significantly. However,
in contrast to expectations, the strength gains were not
greater in the unilateral training group. A previous
study (12) on healthy individuals showed that unilateral
strength training is more effective for strength gains
than bilateral strength training. Besides the different
participants (healthy vs TK A patients), another reason
for the difference from the current study could be the
short training period of only 3 weeks in this study,
including only 6 strength training sessions, while the
participants in the study by Botton et al. (12) trained

for 12 weeks, including 24 training sessions. However,
the inpatient programme following TKA in Austria
is limited to 3 weeks, which might be too short to
produce observable differences between the methods.
Future studies should seek to increase the duration of
unilateral strength training, e.g. by organizing an addi-
tional outpatient training opportunity and analysing the
strength development over several months. Neverthe-
less, the overall strength gain of 25% within 3 weeks
demonstrated that both training protocols can be used
to successfully regain knee extension strength follo-
wing TKA. It is notable that, at the end of the training
programme, patients in both training groups reached
isometric strength values for the affected leg that were
similar to the values for the healthy leg at the beginning
of the training programme. Since the training period
was short, the observed strength gains were probably
due to increases in muscle recruitment (21), but not
in hypertrophy, as indicated by the unaffected knee
circumference in both groups. However, the current
study did not measure the electromyography (EMG)
activity of the muscles during the tests. We therefore
recommend including EMG measurements in similar
future studies, to test this hypothesis.

The increase in isometric strength of the healthy
leg (+23%) was greater in the unilateral group than
in the bilateral group (+11%), despite this leg not
being active during the strength training sessions
of the unilateral group. While it was expected that
the non-trained leg would also increase in strength,
due to the contralateral effect on the corticomotor
excitability on the untrained limb (22), the observed
difference was surprising. Previous studies on uni-
lateral training in healthy individuals have revealed
smaller (23), similar (24), or even greater, changes
(22) in the untrained limb. The differences between
these previous studies are related to the different par-
ticipants (healthy vs TKA patients), trained muscles
(quadriceps vs wrist extensors), training duration
and frequency (3 weeks vs up to several months),
intensity, and contraction mode (concentric/eccentric/
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isometric) during the training and testing. A reason
for the beneficial effect on the untrained limb in the
current study could be that the healthy leg was also
trained in the other training sessions of the rehabilita-
tion programme (flexibility training, proprioception
training, water aerobics, treadmill training, ergo cycle
training), which included unilateral movements for
both legs. Another possible reason could be that the
healthy leg from the patients in the bilateral group
was still fatigued from the training and could not
reach maximum strength values during the testing.
Hence, the strength of the healthy leg in the bilateral
group would be underestimated. However, such an
effect could not be observed on the affected leg in the
unilateral group. Although it could also be expected
that the unilateral training should be more tiring for
the affected leg, the strength values at the end of the
programme were not significantly different between
the groups.

Besides the increase in strength, the rehabilita-
tion programme also helped to increase knee joint
flexibility in the affected leg in both groups, with
significantly greater changes in the unilateral
group (+10.9°=+10.7%) than the bilateral group
(+4.5°=+4.5%). These values are greater or simi-
lar to targeted increases of ~6° from 1 to 3 months
of physical and occupational therapy once a week
following TKA surgery (25). Reviews (26, 27) of
studies that analysed ROM changes following phy-
siotherapy exercise intervention 3—6 months after
TKA reported small to moderate advantages in knee
flexion, compared with minimal intervention (+2.9°).
However, the intervention protocols of the summa-
rized studies were very heterogeneous, most often
without supervised strength training, and therefore
hardly comparable to the current study. The greater
changes in the unilateral group could be explained
by the unilateral strength training of the affected leg.
Subjective feedback from the patients and trainers
indicated that the specific focus on the affected
leg during the unilateral strength training gave the
patients greater confidence in the execution of the
movement, possibly leading to greater ROM. This
is in accordance with reports that strength training
over the full ROM increases flexibility, in a similar
way to stretching training (10).

In addition to improvements in strength and flexibi-
lity, participants were also able to increase their per-
formance in functional movements, such as standing
up from a chair (CRT) and walking short distances
(2MWT). Both tests reflect daily tasks, which are
especially important for elderly people to keep their
independence, and to be able to participate actively
in society (28). Both training programmes were
able to induce positive changes to a similar extent.

Unilateral strength training after total knee arthroplasty p. 6 of 7
CRT improved by 23%, while 2MWT increased by
18%. These results underline the recommendation
by Meier et al. (5), who recommended quadriceps
strength to improve functional outcomes following
TKA.

Implications for practice

These results show that unilateral strength training
is feasible and effective in an inpatient rehabilitation
programme following TKA. Unilateral strength train-
ing can be especially recommended for patients with
limited flexibility.

Strengths and limitations

To the best of our knowledge, this is the first ran-
domized controlled study to compare unilateral and
bilateral strength training in rehabilitation following
TKA. In addition to subjective feedback, this study
also included objective strength measurements made
with a force transducer to assess the training effects.
A further strength of this study is the direct applica-
tion in a real-world rehabilitation setting. However,
the sample size of 11 participants per group is small,
which impeded a more detailed analysis regarding
sex, age, type of surgery, or time following surgery.
It is possible that the results could have been affected
by sex or BMI. However, post-hoc tests revealed no
significant differences between distribution of sex
(»=0.39) or BMI means (p=0.32) between the groups.
Furthermore, changes in the different parameters were
not significantly different between the sexes (p>0.05)
and correlations with BMI were very low (R=0.01
(CRT) to 0.28 (VAS)). Therefore, we are confident
that the results were not significantly affected by sex
or BMI. Furthermore, the rehabilitation duration was
limited to 3 weeks, due to national health system
provision, and the results might differ for shorter or
longer rehabilitation periods in other countries. It
was not possible to take follow-up measurements to
assess the long-term effect of the unilateral strength
training. These limitations should be taken into ac-
count in future studies.

CONCLUSION

Three weeks of unilateral strength training as part
of a TKA rehabilitation programme is feasible for
patients and leads to similar (for the affected leg)
or better (for the healthy leg) isometric strength and
better improvements in knee joint flexibility than tra-
ditional bilateral strength training. Furthermore, both
strength training programmes improve functional
performance in standing up from a chair and walking
short distances.
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