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Preoperative high-intensity strength training 
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Abstract 

Background To investigate the effect of preoperative high‑intensity strength training combined with balance train‑
ing on the knee function of end‑stage knee osteoarthritis (KOA) patients after total knee arthroplasty (TKA).

Methods A prospective study was conducted on end‑stage KOA patients awaiting TKA. The patients were divided 
into an experimental group and a control group according to whether they received a preoperative training inter‑
vention. The differences in knee flexor–extensor strength, knee range of motion (ROM), timed up and go (TUG) test 
result, stair ascend/descend test result, Knee Society score (KSS) and Berg balance scale (BBS) score were assessed 
in both groups at baseline (T1), before operation (T2), 3 months after operation (T3), and 1 year after operation (T4).

Results After high‑intensity strength training and balance training, the knee flexor–extensor strength, TUG test result, 
stair ascend/descend test result, and KSS were all significantly improved at T2 in the experimental group over the con‑
trol group. At T3, the knee ROM, knee flexor–extensor strength, TUG test result, BBS score, and KSS clinical and func‑
tional scores were all significantly superior in the experimental group. The experimental group enjoyed a superiority 
in KSS clinical and functional scores until T4. Group × time and between‑group interactions were found in all assess‑
ment indicators in both groups (p < 0.01).

Conclusion Preoperative high‑intensity strength training combined with balance training can enhance the knee 
flexor–extensor strength and balance of patients with end‑stage KOA in the short term and help improve early out‑
comes after KOA.

Trial registration ChiCTR2000032857, 2020‑05‑13.
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Introduction
Knee arthroplasty is an effective treatment for end-stage 
knee osteoarthritis (KOA), but 20–30% of patients still 
think that this procedure fails to meet their psychologi-
cal expectations [1, 2]. The outcome of knee arthroplasty 
is associated with many factors, of which early post-
operative functional recovery is considered a key one. 
Most scholars believe that early postoperative functional 
recovery is beneficial to the final function of joint and 
helps boost patients’ confidence in recovery. Many stud-
ies have therefore focussed on accelerating early recovery.
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As splitting of the quadriceps and patellar tendons or 
release of the peri-knee ligaments is required in total 
knee arthroplasty (TKA), early functional recovery is 
primarily hindered by surgical trauma-induced pain 
and decline in muscle strength. Multimodal analgesia 
has proven effective at controlling postoperative pain. 
Although patients feel that pain is no longer a major 
factor disrupting their exercise, the effect and speed of 
joint functional recovery remain unsatisfactory.

Muscle strength and activity decline by 60% and 17%, 
respectively, early after TKA, and the risk of decline 
becomes higher as muscle mass decreases with age 
[3]. Weakness in joint muscle strength following TKA 
is thought to be one of the main causes of postopera-
tive functional decline. Preoperative knee flexor–exten-
sor strength is considered a valid predictor for the joint 
function 1 and 2  years after TKA [4, 5]. Preoperative 
peri-knee muscle training is a potentially useful way to 
improve postoperative knee muscle strength and joint 
function [6–8]. On the other hand, there is an abun-
dance of proprioceptors in the tendons, joint capsule, 
and meniscus around the knee joint, and the central 
nervous system adjusts the body’s posture and main-
tains the balance of movement by receiving signals of 
movement, position, and vibration transmitted from 
the proprioceptors [9]. Patients with osteoarthritis 
of the knee suffer from decreased balance and knee 
instability due to proprioceptor damage, especially 
after undergone total knee replacement surgery [10]. 
Decreased joint position perception and reduced bal-
ancing ability are major consequences of KOA, both 
of which are thought to contribute to early postopera-
tive falls and may impair the patient’s activities of daily 
living. Balance training can help with hip contraction, 
abduction, standing, and knee lifting exercises.

According to a large body of literature, however, the 
joint function does not improve after these exercises, 
and the intensity of training engaged in by the patients 
varies, with even less attention paid to the degree of 
improvement in knee strength [11–13]. It is believed 
that balance training is as important as muscle train-
ing, as patients need to adapt to the altered kinematics 
caused by the joint prosthesis when getting out of bed 
or during daily activities [14, 15].

This study sought to improve the patient’s preop-
erative knee strength and balance as much as possible 
through short-term, intense training. Whether early 
outcomes after TKA can be improved by preoperative 
high-intensity strength training combined with balance 
training was evaluated in this study. This study inves-
tigated the effect of short-term preoperative improve-
ments in muscle strength and balance on the outcome 
after TKA.

Subjects and methods
General data
Patients diagnosed with unilateral KOA in the outpa-
tient clinic and awaiting TKA in 2020–2021 were divided 
into an experimental group and a control group using a 
random number table. All procedures described in this 
study were reviewed by the Chinese Clinical Trial Regis-
try (ChiCTR2000032857), were approved by the Hospital 
Ethics Committee (Ethics Number: 2022016), and com-
plied with the requirements listed in the 1975 Declara-
tion of Helsinki and its amendment in 2008.

Inclusion criteria: (1) Patients diagnosed with unilat-
eral KOA and awaiting TKA, (2) those aged > 55 years, (3) 
those with clear consciousness and ability to communi-
cate, and (4) those who provided consent to participate 
in this study.

Exclusion criteria: (1) Patients with a history of hip or 
knee surgery, (2) those with contraindications to exercise 
or diseases affecting leg activity, and (3) those who had 
incomplete follow-up data or withdrew from the study 
midway.

Methods
Patients were instructed to train preoperatively for 
4  weeks at home through an online video training and 
supervision module to enhance their cooperation and 
reduce time and medical costs. Similar methods have 
been found to be effective in previous studies [3, 16]. To 
improve muscle strength and balance within 4  weeks, 
further careful training programmes and experimental 
design are required, and training safety is particularly 
important, especially for elderly patients, who may have 
multiple underlying diseases.

Routine nursing and rehabilitation procedures were 
done in the control group. After admission, nurses con-
ducted routine nursing education. Before operation, 
patients and their families attended a meeting jointly 
held by orthopaedic surgeons, physiotherapists, and 
anaesthetists on the operation method, the risks from 
the operation and anaesthetic, and postoperative reha-
bilitation. After operation, patients underwent active and 
continuous passive motion exercises to enhance their leg 
strength and increase knee mobility. These patients were 
followed up by telephone and clinic visit after discharge.

In the experimental group, 4-weeks preoperative 
strength training and balance training were addition-
ally given, with the preoperative training programme 
and content kept confidential. One training session was 
required before the formal preoperative training, and 
the patients were tested for 1–4 days after mastering the 
training content and methods until they and the assessor 
were satisfied with their mastery of the training methods. 
The training programme aimed to enhance both strength 
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and balance in the peri-knee muscles. The strength 
training focussed in particular on knee flexor–extensor 
strength, and weight on the knee gradually increased 
from 0 to a maximum of 2 or 3 kg. Strength training was 
followed by manual therapy, proprioceptive training, 
and ice compression. The detailed programme is shown 
in Table  1. Training sessions were completed within 
4  weeks, 5  days per week (1  h per session). The physi-
otherapist responsible for this rehabilitation programme 
did not participate in any of the assessments during this 
study.

Warm-up exercises were required before training to 
reduce muscle strain. Specifically, the strength training 
consisted of five sets of 10 repetitions, with a 60-s rest 
period between two sets. The intensity was regulated by 
weight and was based on the 10-repetition maximum. 
Exercises included knee extension and flexion; hip exten-
sion, adduction, and abduction; and standing balance. 
The training ended with a 5-min light static stretching of 
the hip abductors, knee flexors, and ankle plantar flexors 
and extensors.

With the same standardised preoperative protocol and 
surgical technique, TKA was performed by the same 
experienced surgeon on all patients. Posterior cruciate 
substituting prostheses and tourniquets were used in all 
cases.

Assessment methods
The baseline data of patients in both groups were meas-
ured at the time of consent to participate in this study 
(T1), before operation (T2), 3  months after operation 
(T3), and 12  months after operation (T4). All assessors 
were professionally trained and were unaware of the 
grouping.

Muscle strength test
To measure the maximal isometric knee flexion and 
extension strength, the patients were instructed to sit 
on the edge of the examining table with their thighs 
in contact with the table, their hips at a constant angle 

(90°), and their trunk not tilted backwards. In an exercise 
before the formal assessment, the patients were asked to 
generate the maximum possible force on the dynamom-
eter held by the assessor. In the isometric knee extension 
strength test, the dynamometer was fixed perpendicu-
larly to the tibia by a strap 3  cm above the ankle joint, 
with the other end of the strap fixed to the base. In the 
isometric knee flexion strength test, the dynamometer 
was placed on the posterior part of the lower leg and 
fixed by a strap to the handle of a glass suction cup on 
the wall. The patients were told to perform three isomet-
ric maximal voluntary contractions, the average maximal 
strength of which was taken for analysis. The hand-held 
dynamometer showed good inter- and intra-assessor reli-
ability in the assessment of knee flexors (ICC: 0.76–0.94) 
and knee extensors (ICC: 0.92–0.97) in the affected and 
unaffected knees [17].

Active knee range of motion (ROM)
The active knee ROM was measured using a digital goni-
ometer. Specifically, the patients were instructed to lie 
in the prone position, with the knee extended, the hip in 
a neutral position, and the upper thigh exposed so that 
the greater trochanter could be seen. They flexed and 
extended the knee to its maximum, and the central pivot 
point of the goniometer was placed on the lateral epicon-
dyle of the femur, with the proximal arm aligned with the 
lateral midline of the femur (the greater trochanter as a 
reference) and the distal arm aligned with the lateral mid-
line of the fibula (the lateral malleolus and fibular head as 
references). In this way, the flexion and extension ROM 
was measured three times, and the average was taken. 
The knee ROM assessment of KOA patients showed high 
reliability, with ICCs of 0.96 and 0.81, respectively, for 
flexion and extension [18].

Stair ascend/descend test
The patients walked up and down four flights of stairs 
(50  cm wide, 15  cm high and 25  cm deep each flight) 
once as quickly but as safely as possible. They stood at 

Table 1 Strength training programme for the experimental group

Warm-up exercises Strength exercises Balancing exercises Ending exercise

1. Step up and down 20 times * 2 1. Knee flexion and extension 
10RM*5

1. Stand with feet aligned for 1 min 
* 2

Light static stretching of hip 
abductors, knee flexors and ankle 
plantar flexor extensors for 5 min

2. Calf raises 20 times * 2 2. Standing on the forefoot 
and opposite heel for 1 min * 2

3. Light resistance exercises 10 times 2. Hip flexion and extension. Adduc‑
tion, abduction 10RM*5

3. Standing on the forefoot for 3 s 
* 15

4. Walk along a straight line10 m * 4
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the bottom of the first flight of stairs, went up the stairs, 
turned around on the top step, and kept going until 
both feet were on the floor. The handrail could be held if 
needed [19]. The total duration of this test was measured 
and averaged with a stopwatch, which stopped when the 
patient reached the starting line after going up and down 
the stairs [20]. The test was performed twice with a 30-s 
rest period. The purpose of the stair ascend/descend test 
is to assess lower limb muscular strength and endur-
ance, and it is generally accepted that the shorter the time 
taken to complete the task, the higher the tester’s level of 
lower limb muscular strength and endurance [21]. The 
stair ascend/descend test was highly reliable, with a test–
retest reliability coefficient of 0.93 and an ICC of 0.94 for 
inter-assessor reliability [22].

Timed up and go (TUG) test
The TUG test is an easy-to-perform test that assesses 
mobility, leg function, and fall risk without any specific 
equipment needed [23]. The patients stood up from a 
standard armchair (without using their arms), walked 
to a straight line on the floor 3 m away, turned around, 
walked back to the chair, and sat down again. The dura-
tion of the above process was recorded as the TUG result 
[24].

Knee function
The Knee Society score (KSS) is one of the most widely 
used knee function scores in clinical practice. The Knee 
Score consists of a clinical score and a functional score. 
The total score is 100 points, with higher scores meaning 
better knee function [25]. KSS assesses knee pain, ROM, 
and stability and serves as a reliable indicator of knee 
recovery and function.

Balance
The Berg balance scale (BBS) was used to assess the 
patient’s balance. The patient does 14 related activities, 
such as sit-to-stand transfer, unsupported standing, and 
unsupported sitting. The maximum BBS score is 56. The 
higher the score, the better the balance.

Statistical analysis
The KSS score was defined as the primary outcome vari-
able for the power analysis. In the pre-test, the standard 
deviation and error of the baseline KSS were 7.5 and 2.9, 
respectively, the statistical power was 90%, and the level 
of significance was p < 0.05. At least 29 patients were 
needed in each group.

IBM SPSS 21.0 software (Chicago, USA) was used for 
statistical analysis. Measurement data such as age and 
joint function scores are described as mean ± stand-
ard deviation ( x ± s), and data such as osteoarthritis 

K–L classification and sex are described as percentage 
(%). Data were tested for normality using the Shapiro–
Wilk test. Student’s t-test was used to compare the means 
of normally distributed data between the two groups, 
the Mann–Whitney test for non-normally distributed 
data, and the chi-squared test for differences in composi-
tion ratios. Differences in ROM, TUG test result, muscle 
strength test result, KSS and BBS scores were analysed 
using repeated-measures analysis of variance, where 
group, time, and group × time interaction were the inde-
pendent variables. p < 0.05 was significant.

Results
A total of 100 patients were included, 50 in each group. 
Thirty-three patients withdrew from the study midway, 
including 18 in the experimental group and 15 in the 
control group. Finally, 67 patients were assessed (Fig. 1). 
The experimental group consisted of 32 patients, includ-
ing nine males and 23 females aged 66.4 years on average. 
There were 35 patients in the control group, including 12 
males and 23 females aged 68.5 years (Table 2).

Significant between-group interactions over time were 
found for all indicators (Tables  3 and 4). At T1, no sig-
nificant differences were observed in any indicator in 
either group. At T2, the knee flexor–extensor strength 
in the experimental group increased by 6.0 kg and 4.9 kg, 
respectively, over that at T1, which improvement was 
greater than the control group’s (14.2 ± 3.9 vs. 9.0 ± 0.9, 
p < 0.001; 24.8 ± 2.5 vs. 21.3 ± 2.3, p < 0.001). The better 
knee flexor–extensor strength in the experimental group 
was maintained at T2 and T3 (respectively: 10.4 ± 1.6 vs. 
9.1 ± 0.7, p < 0.001; 21.9 ± 8.0 vs. 16.3 ± 5.8, p = 0.002).

At T2, the stair ascend/descend test and TUG test 
results were significantly better in the experimental 
group than the control group [(7.5 ± 2.4) s vs. (8.7 ± 1.4) 
s, p = 0.010; (7.8 ± 2.1) s vs. (9.3 ± 1.1) s, p = 0.001]. At 
T3, the knee ROM and TUG test result were signifi-
cantly better in the experimental group [(114.1 ± 14.1)4 
vs. (104.8 ± 22.0)2, p = 0.045; (8.1 ± 2.6) s vs. (9.1 ± 0.7) s, 
p = 0.028].

At T2, the KSS functional score in the experimental 
group was better than that in the control group (46.8 ± 7.4 
vs. 43.4 ± 5.7, p = 0.045). At T3, the KSS clinical and func-
tional scores in the experimental group showed a greater 
improvement than those in the control group (84.0 ± 9.4 
vs. 79.6 ± 6.0, p = 0.023; 84.7 ± 5.9 vs. 80.6 ± 8.9, p = 0.034). 
The experimental group enjoyed the superiority in KSS 
clinical and functional scores until at least T4 (92.8 ± 8.9 
vs. 87.9 ± 10.5, p = 0.043; 93.7 ± 8.2 vs. 88.6 ± 9.8, 
p = 0.027).
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At T3, the experimental group showed better balance 
and BBS score (43.7 ± 6.9 vs. 35.7 ± 10.5, p = 0.001), but 
the benefits were not maintained at T4 (50.5 ± 4.7 vs. 
51.3 ± 6.0, p = 0.571).

Discussion
The main finding of this study was that compared with 
the control, high-intensity strength training combined 
with balance training in the experimental group signifi-
cantly ameliorated knee ROM, flexor–extensor strength 
and balance and achieved better postoperative joint 
function.

The goal of this study was to enhance the patient’s 
perioperative knee muscle strength through high-
intensity strength training, which was achieved. At T2, 
the knee flexor–extensor strength in the experimental 
group increased by 6.0 kg and 4.9 kg, respectively, com-
pared with T1, whereas it almost had no changes in the 
control group, suggesting that preoperative high-inten-
sity strength training can enhance knee flexor–exten-
sor strength in the short term and that the benefit can 
last until 3 months after operation. The knee extensors 
are damaged due to the splitting of the quadriceps and 
patellar tendons during TKA, and the patient should 

Fig. 1 Study flowchart

Table 2 The demographic characteristics of the patients in the 
experimental group and the control group

Experimental 
group (N = 32)

Control 
group 
(N = 35)

p

Age (year) 66.4 ± 8.3 68.5 ± 7.9 0.844

Gender (male/female) 9/23 12/23 0.587

BMI (kg/m2) 22.6 ± 3.3 23.6 ± 2.5 0.489

Surgical side (left/right) 17/15 16/19 0.544

Kellgren–Lawrence grade (3/4) 25/7 32/3 0.127
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adapt to the knee prosthesis, so knee flexor–extensor 
strength declines after operation. Even so, the muscle 
strength was better in the experimental group than in 

the control group, which benefitted the knee functional 
recovery. Moreover, the mean knee ROM in the experi-
mental group was 9.3° greater than that in the control 

Table 3 Scores for all physical measures

ROM: Range of motion. T1-4: The time of consent to participate in this study (T1), before operation (T2), 3 months after operation (T3), and 12 months after operation 
(T4)

*Denotes significant difference

Variable Testing time Mean (95%CI) p value (Group 
* time)

p value (Between-
group difference)

Experimental group Control group

Knee ROM (°) T1 92.3 (86.8–97.9) 89.1 (82.8–95.4)  < 0.001* 0.443

T2 95.8 (88.2–103.4) 92.6 (85.5–99.7) 0.529

T3 114.1 (109.0–119.2) 104.8 (97.2–112.3) 0.045*

T4 124.2 (120.0–128.4) 123.2 (119.0–127.4) 0.739

Isometric knee flexion (kg) T1 8.2 (7.8–8.6) 8.5 (8.1–8.9)  < 0.001* 0.229

T2 14.2 (12.7–15.6) 9.0 (8.7–9.3)  < 0.001*

T3 10.4 (9.9–11.0) 9.1 (8.9–9.4)  < 0.001*

T4 14.6 (13.2–16.0) 15.3 (14.1–16.5) 0.444

Isometric knee extension (kg) T1 19.9 (18.5–21.4) 21.7 (20.1–23.4)  < 0.001* 0.102

T2 24.8 (23.9–25.7) 21.3 (20.5–22.1)  < 0.001*

T3 21.9 (19.0–24.8) 16.3 (14.3–18.3) 0.002*

T4 25.1 (23.8–26.4) 25.5 (24.6–26.4) 0.581

Stair test (s) T1 8.9 (8.7–9.0) 8.8 (8.7–8.9)  < 0.001* 0.696

T2 7.5 (6.7–8.4) 8.7 (8.5–8.8) 0.010*

T3 8.8 (8.4–9.2) 9.4 (8.9–9.8) 0.052

T4 7.8 (7.1–8.5) 8.3 (7.5–9.0) 0.340

Timed up and go (s) T1 9.0 (8.7–9.2) 9.4 (8.9–9.8)  < 0.001* 0.100

T2 7.8 (7.1–8.6) 9.3 (8.9–9.7) 0.001*

T3 8.1 (7.1–9.0) 9.1 (8.8–9.3) 0.028*

T4 7.4 (6.4–8.3) 8.1 (7.2–9.0) 0.243

Table 4 Scores for all the questionnaires

KSS: Knee Society score. BBS: Berg balance scale. T1-4: The time of consent to participate in this study (T1), before operation (T2), 3 months after operation (T3), and 
12 months after operation (T4)

*Denotes significant difference

Variable Testing time Mean (95%CI) p value 
(Group*time)

p value (Between-
group difference)

Experimental group Control group

KSS function score T1 42.5 (40.4–44.6) 42.7 (40.7–44.8)  < 0.001* 0.883

T2 46.8 (44.2–49.3) 43.4 (41.4–45.5) 0.045*

T3 84.0 (80.6–87.4) 79.6 (77.5–81.6) 0.023*

T4 92.8 (89.6–96.0) 87.9 (84.3–91.4) 0.043*

KSS clinical score T1 49.2 (45.9–52.5) 50.3 (46.0–54.6)  < 0.001* 0.684

T2 54.4 (50.0–58.7) 50.7 (46.6–54.8) 0.211

T3 84.7 (82.5–86.8) 80.6 (77.6–83.7) 0.034*

T4 93.7 (90.7–96.6) 88.6 (85.3–92.0) 0.027*

BBS T1 40.2 (36.9–43.1) 39.8 (36.9–42.8)  < 0.001* 0.281

T2 41.6 (34.8–39.1) 38.5 (35.2–41.8) 0.139

T3 43.7 (41.2–46.2) 35.7 (32.1–39.3) 0.001*

T4 50.5 (48.8–52.2) 51.3 (49.2–53.3) 0.571
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group at 3  months after operation, which was signifi-
cantly influenced by the peri-knee muscle strength. 
Similarly, Matassi et  al. [26] investigated 125 patients 
preparing for TKA, with no additional intervention in 
the control group, while 61 subjects in the experimental 
group received a 6-week home exercise program prior 
to TKA, and the preoperative home exercise program 
focused on lower extremity muscle strength and soft 
tissue flexibility. He found that the knee ROM reached 
90° at 5.8  days after operation in their experimental 
group but at 6.9  days in their control group. Joaquin 
et al. [3] evaluated the effectiveness of a high-intensity 
preoperative resistance training program for patients 
awaiting TKA. The training program lasts 8  weeks, 3 
times a week, and consists mainly of warm-up training, 
main procedure training(10 repetitions of resistance 
training per set with 60 s intervals at an intensity of 10 
RM), and relaxation training at the end of each session. 
He concluded that postoperative knee flexor strength 
was significantly better in their experimental group 
receiving preoperative training than it was in their con-
trol group, but their patients had difficulty improving 
knee extensor strength due to the damage to the knee 
extensor.

The high-intensity strength training persistently ben-
efited knee flexor–extensor strength in the experimen-
tal group over time, so their KSS clinical and functional 
scores were always higher than the control group’s. The 
ability to go up and down stairs and to walk is a major 
manifestation of the joint mobility and function as part 
of a person’s activities of daily living [27, 28]. DM et  al. 
[11] showed no significant improvement was made in the 
stair ascend/descend test or TUG test results in patients 
awaiting TKA after additional progressive strength train-
ing 2–3 times a week for 6 consecutive weeks. Similarly, 
the same results were found in the study of Jose et al. [29] 
who conducted a lower extremity muscle strength train-
ing program 3 times a week for 8  weeks. In this study, 
the stair ascend/descend test result in the experimental 
group at T2 was better than that in the control group, but 
the benefit was not maintained throughout the postop-
erative period. In contrast, the experimental group did 
enjoy superiority in the TUG test result until T3. The 
stair ascend/descend test and TUG test results had no 
significant differences at T4 between the two groups. It 
can be seen that improvement in knee flexor–extensor 
strength influenced the stair ascend/descend test result at 
T2, as knee flexors and extensors play an important roles 
in stair climbing. However, the knee extensor is the major 
player in TUG test, and it was damaged during operation 
and thus was more significantly affected. In the experi-
mental group, preoperative training contributed to better 
results.

Significant group × time and between-group differences 
were found for all indicators. Patients in both groups had 
significant improvements in the KSS clinical and func-
tional scores and BBS score as a result of the surgical 
intervention, but the surgical benefits were more obvious 
in the experimental group. It can be inferred that preop-
erative high-intensity strength training combined with 
balance training can help improve the outcome of TKA, 
which can synergize with other measures of improv-
ing joint function, such as modified surgical techniques 
and analgesia, to facilitate rehabilitation and reduce the 
patient’s postoperative need for social and medical care.

Unlike previous studies, this study provided high-inten-
sity strength training combined with balance training 
to enhance the postoperative joint function of patients 
in the short term. These were aimed at KOA patients 
who had been scheduled to undergo TKA. Choosing an 
appropriate intensity and duration of training are vital 
for enhancing muscle strength [30]. In many previous 
preoperative training sessions [11, 31], patient training 
intensity was designed to be moderately fatiguing instead 
of a perception of a maximal number of repetitions (i.e. 
RM) or a percentage of a maximum load (i.e. % 1RM). 
We adopted a training protocol of patient self-perceived 
intensity in order to emphasize the difference from pre-
vious conventional strength training. The advantage of 
such strength training is that individualized strength 
training can be achieved, both for strength training pur-
poses and to reduce the risk of injury. A training intensity 
of 10RM is considered an effective means of improv-
ing muscle strength [3, 29, 32]. Patients who experience 
more pain during high-intensity training, especially 
those who avoid knee pain by significantly reducing their 
daily activities, have weaker muscle strength and need 
to be more careful and gentle in the early stage of train-
ing. Moreover, additional balance training during mus-
cle strength training can significantly promote balance 
early postoperatively, and earlier functional exercise cor-
responds to better long-term outcomes, although a dif-
ference in balance was only observed at T3. With better 
balance, early postoperative rehabilitation exercise can 
be easier, and the risk of falls due to impaired proprio-
ception can be reduced. The findings of this study dem-
onstrate the effectiveness of preoperative high-intensity 
strength training combined with balance training, which 
may encourage more patients to undergo preoperative 
training to achieve better surgical outcomes.

This study had the following limitations: (1) the dosage 
of analgesics in the two groups was not recorded, so the 
difference in the dosage may have produced deviations 
in some results. The impact of this potential bias was not 
reduced by introducing VAS scores. (2) There were only 
four time points for measurement, which was too few to 
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observe the variation in values in more detail. (3) The last 
measurement was performed at 12  months after opera-
tion, so the long-term knee function was not observed. 
Therefore, a longer follow-up period is required. (4) 
Kinesiophobia is one of the important potential factor 
affecting the results of the strength training. It needs to 
be taken into account in further studies. (5) The sample 
was too small to yield convincing conclusions, so large, 
multicentre studies are needed.

Conclusion
Preoperative high-intensity strength training combined 
with balance training can enhance the knee flexor–exten-
sor strength and the balance of patients with end-stage 
KOA in the short term, help improve the early postopera-
tive knee function, and accelerate rehabilitation.

Acknowledgements
Thanks to the Affiliated Suqian Hospital of Xuzhou Medical University for 
providing the experimental site for our research.

Author contributions
SJN and DYZ did the study and drafted the manuscript. WLX, XFH, LN and ZB 
were involved in the design, main contribution in literature search. KXR and 
ZB were involved in the study design, and made further revision in this manu‑
script. All authors read and approved the final manuscript.

Funding
The study was Supported by Suqian Sci & Tech Program in 2022(S202214) 
and Affiliated Hospital of Xuzhou Medical University Development Fund 
(XYFM202242).

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Suqian Hospital of Nan‑
jing Drum Tower Hospital Group, Registration Number 2022016. All methods 
were carried out in accordance with relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors have no conflict of interests.

Received: 1 July 2023   Accepted: 13 September 2023

References
 1. Canovas F, Dagneaux L. Quality of life after total knee arthroplasty. Orthop 

Traumatol Surg Res. 2018;104(1s):S41‑s46. https:// doi. org/ 10. 1016/j. otsr. 
2017. 04. 017.

 2. Hawker GA, Conner‑Spady BL, Bohm E, Dunbar MJ, Jones CA, Ravi B, 
Noseworthy T, Dick D, Powell J, Paul P, et al. Patients’ preoperative expec‑
tations of total knee arthroplasty and satisfaction with outcomes at one 
year: a prospective cohort study. Arth Rheumatol. 2021;73(2):223–31. 
https:// doi. org/ 10. 1002/ art. 41510.

 3. Calatayud J, Casaña J, Ezzatvar Y, Jakobsen MD, Sundstrup E, Andersen 
LL. High‑intensity preoperative training improves physical and functional 
recovery in the early post‑operative periods after total knee arthroplasty: 
a randomized controlled trial. Knee Surg Sports Traumatol Arthrosc. 
2017;25(9):2864–72. https:// doi. org/ 10. 1007/ s00167‑ 016‑ 3985‑5.

 4. Cheng YY, Liu CC, Lin SY, Lee CH, Chang ST, Wang SP. Comparison of the 
therapeutic effects between isokinetic and isotonic strength training 
in patients after total knee replacement: a prospective, randomized 
controlled trial. Orthop J Sports Med. 2022;10(6):23259671221105852. 
https:// doi. org/ 10. 1177/ 23259 67122 11058 52.

 5. Zeni JA Jr, Snyder‑Mackler L. Preoperative predictors of persistent impair‑
ments during stair ascent and descent after total knee arthroplasty. J 
Bone Jt Surg Am. 2010;92(5):1130–6. https:// doi. org/ 10. 2106/ jbjs.I. 00299.

 6. Bartels EM, Juhl CB, Christensen R, Hagen KB, Danneskiold‑Samsøe B, 
Dagfinrud H, Lund H. Aquatic exercise for the treatment of knee and hip 
osteoarthritis. Cochr Database Syst Rev. 2016;3(3):cd5005523. https:// doi. 
org/ 10. 1002/ 14651 858. CD005 523. pub3.

 7. Paravlic AH, Maffulli N, Kovač S, Pisot R. Home‑based motor imagery 
intervention improves functional performance following total knee 
arthroplasty in the short term: a randomized controlled trial. J Orthop 
Surg Res. 2020;15(1):451. https:// doi. org/ 10. 1186/ s13018‑ 020‑ 01964‑4.

 8. Morelli I, Maffulli N, Brambilla L, Agnoletto M, Peretti GM, Mangiavini L. 
Quadriceps muscle group function and after total knee arthroplasty‑
asystematic narrative update. Br Med Bull. 2021;137(1):51–69. https:// doi. 
org/ 10. 1093/ bmb/ ldaa0 41.

 9. Wang J, Severin AC, Mears SC, Stambough JB, Barnes CL, Mannen EM. 
Changes in mediolateral postural control mechanisms during gait after 
total knee arthroplasty. J Arthroplast. 2021;36(9):3326–32. https:// doi. org/ 
10. 1016/j. arth. 2021. 04. 038.

 10. Choi W. Comparison of physical function, proprioception, muscle 
strength, postural balance, and walking in older women with and with‑
out total knee arthroplasty. Medicine. 2023;102(24):e33034. https:// doi. 
org/ 10. 1097/ md. 00000 00000 033034.

 11. van Leeuwen DM, de Ruiter CJ, Nolte PA, de Haan A. Preoperative 
strength training for elderly patients awaiting total knee arthroplasty. 
Rehabil Res Pract. 2014;2014:462750. https:// doi. org/ 10. 1155/ 2014/ 
462750.

 12. Skoffer B, Maribo T, Mechlenburg I, Hansen PM, Søballe K, Dalgas U. 
Efficacy of preoperative progressive resistance training on postoperative 
outcomes in patients undergoing total knee arthroplasty. Arthritis Care 
Res. 2016;68(9):1239–51. https:// doi. org/ 10. 1002/ acr. 22825.

 13. Skoffer B, Dalgas U, Maribo T, Søballe K, Mechlenburg I. No exacerbation 
of knee joint pain and effusion following preoperative progressive resist‑
ance training in patients scheduled for total knee arthroplasty: secondary 
analyses from a randomized controlled trial. Pm r. 2018;10(7):687–92. 
https:// doi. org/ 10. 1016/j. pmrj. 2017. 11. 002.

 14. Lo CWT, Brodie MA, Tsang WWN, Yan CH, Lam PL, Chan CM, Lord SR, 
Wong AYL. Acceptability and feasibility of a community‑based strength, 
balance, and Tai Chi rehabilitation program in improving physical func‑
tion and balance of patients after total knee arthroplasty: study protocol 
for a pilot randomized controlled trial. Trials. 2021;22(1):129. https:// doi. 
org/ 10. 1186/ s13063‑ 021‑ 05055‑5.

 15. Thorsen T, Wen C, Porter J, Reinbolt JA, Weinhandl JT, Zhang S. Do inter‑
limb knee joint loading asymmetries persist throughout stance during 
uphill walking following total knee arthroplasty? Int J Environ Res Public 
Health. 2023. https:// doi. org/ 10. 3390/ ijerp h2014 6341.

 16. Ma JX, Zhang LK, Kuang MJ, Zhao J, Wang Y, Lu B, Sun L, Ma XL. The effect 
of preoperative training on functional recovery in patients undergoing 
total knee arthroplasty: a systematic review and meta‑analysis. Int J Surg. 
2018;51:205–12. https:// doi. org/ 10. 1016/j. ijsu. 2018. 01. 015.

 17. Koblbauer IF, Lambrecht Y, van der Hulst ML, Neeter C, Engelbert RH, 
Poolman RW, Scholtes VA. Reliability of maximal isometric knee strength 
testing with modified hand‑held dynamometry in patients awaiting total 
knee arthroplasty: useful in research and individual patient settings? A 
reliability study. BMC Musculoskelet Disord. 2011;12:249. https:// doi. org/ 
10. 1186/ 1471‑ 2474‑ 12‑ 249.

 18. Maricar N, Callaghan MJ, Parkes MJ, Felson DT, O’Neill TW. Interobserver 
and intraobserver reliability of clinical assessments in knee osteoarthritis. 
J Rheumatol. 2016;43(12):2171–8. https:// doi. org/ 10. 3899/ jrheum. 150835.

 19. Husted RS, Troelsen A, Thorborg K, Rathleff MS, Husted H, Bandholm T. 
Efficacy of pre‑operative quadriceps strength training on knee‑extensor 

https://doi.org/10.1016/j.otsr.2017.04.017
https://doi.org/10.1016/j.otsr.2017.04.017
https://doi.org/10.1002/art.41510
https://doi.org/10.1007/s00167-016-3985-5
https://doi.org/10.1177/23259671221105852
https://doi.org/10.2106/jbjs.I.00299
https://doi.org/10.1002/14651858.CD005523.pub3
https://doi.org/10.1002/14651858.CD005523.pub3
https://doi.org/10.1186/s13018-020-01964-4
https://doi.org/10.1093/bmb/ldaa041
https://doi.org/10.1093/bmb/ldaa041
https://doi.org/10.1016/j.arth.2021.04.038
https://doi.org/10.1016/j.arth.2021.04.038
https://doi.org/10.1097/md.0000000000033034
https://doi.org/10.1097/md.0000000000033034
https://doi.org/10.1155/2014/462750
https://doi.org/10.1155/2014/462750
https://doi.org/10.1002/acr.22825
https://doi.org/10.1016/j.pmrj.2017.11.002
https://doi.org/10.1186/s13063-021-05055-5
https://doi.org/10.1186/s13063-021-05055-5
https://doi.org/10.3390/ijerph20146341
https://doi.org/10.1016/j.ijsu.2018.01.015
https://doi.org/10.1186/1471-2474-12-249
https://doi.org/10.1186/1471-2474-12-249
https://doi.org/10.3899/jrheum.150835


Page 9 of 9Sun et al. Journal of Orthopaedic Surgery and Research          (2023) 18:692  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

strength before and shortly following total knee arthroplasty: proto‑
col for a randomized, dose‑response trial (The QUADX‑1 trial). Trials. 
2018;19(1):47. https:// doi. org/ 10. 1186/ s13063‑ 017‑ 2366‑9.

 20. Wu Z, Wang Y, Li C, Li J, Chen W, Ye Z, Zeng Z, Hong K, Zhu Y, Jiang T, et al. 
Preoperative strength training for clinical outcomes before and after total 
knee arthroplasty: a systematic review and meta‑analysis. Front Surg. 
2022;9:879593. https:// doi. org/ 10. 3389/ fsurg. 2022. 879593.

 21. Eymir M, Erduran M, Ünver B. Active heel‑slide exercise therapy facilitates 
the functional and proprioceptive enhancement following total knee 
arthroplasty compared to continuous passive motion. Knee Surg Sports 
Traumatol Arthrosc. 2021;29(10):3352–60. https:// doi. org/ 10. 1007/ 
s00167‑ 020‑ 06181‑4.

 22. Almeida GJ, Schroeder CA, Gil AB, Fitzgerald GK, Piva SR. Interrater reli‑
ability and validity of the stair ascend/descend test in subjects with total 
knee arthroplasty. Arch Phys Med Rehabil. 2010;91(6):932–8. https:// doi. 
org/ 10. 1016/j. apmr. 2010. 02. 003.

 23. Kataoka Y, Saito Y, Takeda R, Ishida T, Tadano S, Suzuki T, Nakamura K, 
Nakata A, Osuka S, Yamada S, et al. Evaluation of lower‑limb kinematics 
during timed up and go (TUG) test in subjects with locomotive syn‑
drome (LS) using wearable gait sensors (H‑Gait System). Sensors. 2023. 
https:// doi. org/ 10. 3390/ s2302 0687.

 24. Chatzaki C, Skaramagkas V, Kefalopoulou Z, Tachos N, Kostikis N, Kanellos 
F, Triantafyllou E, Chroni E, Fotiadis DI, Tsiknakis M. Can gait features help 
in differentiating parkinson’s disease medication states and severity 
levels? A machine learning approach. Sensors. 2022. https:// doi. org/ 10. 
3390/ s2224 9937.

 25. Khow YZ, Liow MHL, Goh GS, Chen JY, Lo NN, Yeo SJ. Defining the mini‑
mal clinically important difference for the knee society score following 
revision total knee arthroplasty. Knee Surg Sports Traumatol Arthrosc. 
2022;30(8):2744–52. https:// doi. org/ 10. 1007/ s00167‑ 021‑ 06628‑2.

 26. Matassi F, Duerinckx J, Vandenneucker H, Bellemans J. Range of motion 
after total knee arthroplasty: the effect of a preoperative home exercise 
program. Knee Surg Sports Traumatol Arthrosc. 2014;22(3):703–9. https:// 
doi. org/ 10. 1007/ s00167‑ 012‑ 2349‑z.

 27. Nyrop KA, Monaco J, Vohra S, Deal AM, Wood WA, Shachar SS, Dees EC, 
Kimmick GG, Speca JC, Muss HB. Body mass index and patient‑reported 
function, quality of life and treatment toxicity in women receiv‑
ing adjuvant chemotherapy for breast cancer. Support Care Cancer. 
2023;31(3):196. https:// doi. org/ 10. 1007/ s00520‑ 023‑ 07637‑2.

 28. Ackermans T, Francksen N, Lees C, Papatzika F, Arampatzis A, Baltzopoulos 
V, Lisboa P, Hollands M, O’Brien T, Maganaris C. Prediction of balance 
perturbations and falls on stairs in older people using a biomechanical 
profiling approach: a 12‑month longitudinal study. J Gerontol A Biol Sci 
Med Sci. 2021;76(4):638–46. https:// doi. org/ 10. 1093/ gerona/ glaa1 30.

 29. Casaña J, Calatayud J, Ezzatvar Y, Vinstrup J, Benítez J, Andersen LL. Pre‑
operative high‑intensity strength training improves postural control after 
TKA: randomized‑controlled trial. Knee Surg Sports Traumatol Arthrosc. 
2019;27(4):1057–66. https:// doi. org/ 10. 1007/ s00167‑ 018‑ 5246‑2.

 30. van Rossom S, Smith CR, Thelen DG, Vanwanseele B, Van Assche D, Jonk‑
ers I. Knee joint loading in healthy adults during functional exercises: 
implications for rehabilitation guidelines. J Orthop Sports Phys Ther. 
2018;48(3):162–73. https:// doi. org/ 10. 2519/ jospt. 2018. 7459.

 31. Swank AM, Kachelman JB, Bibeau W, Quesada PM, Nyland J, Malkani A, 
Topp RV. Prehabilitation before total knee arthroplasty increases strength 
and function in older adults with severe osteoarthritis. J Strength Cond 
Res. 2011;25(2):318–25. https:// doi. org/ 10. 1519/ JSC. 0b013 e3182 02e431.

 32. Fariñas J, Rial‑Vázquez J, Carballeira E, Giráldez‑García MA, Colomer‑
Poveda D, Sevilla‑Sánchez M, Márquez G, Rúa‑Alonso M, Nine I, Aracama 
A, et al. Cross education is modulated by set configuration in knee exten‑
sion exercise. J Musculoskelet Neuronal Interact. 2023;23(1):43–51.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s13063-017-2366-9
https://doi.org/10.3389/fsurg.2022.879593
https://doi.org/10.1007/s00167-020-06181-4
https://doi.org/10.1007/s00167-020-06181-4
https://doi.org/10.1016/j.apmr.2010.02.003
https://doi.org/10.1016/j.apmr.2010.02.003
https://doi.org/10.3390/s23020687
https://doi.org/10.3390/s22249937
https://doi.org/10.3390/s22249937
https://doi.org/10.1007/s00167-021-06628-2
https://doi.org/10.1007/s00167-012-2349-z
https://doi.org/10.1007/s00167-012-2349-z
https://doi.org/10.1007/s00520-023-07637-2
https://doi.org/10.1093/gerona/glaa130
https://doi.org/10.1007/s00167-018-5246-2
https://doi.org/10.2519/jospt.2018.7459
https://doi.org/10.1519/JSC.0b013e318202e431

	Preoperative high-intensity strength training combined with balance training can improve early outcomes after total knee arthroplasty
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Subjects and methods
	General data
	Methods
	Assessment methods
	Muscle strength test
	Active knee range of motion (ROM)
	Stair ascenddescend test
	Timed up and go (TUG) test
	Knee function
	Balance

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


