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ABSTRACT

On patients with knee osteoarthritis (OA) the muscle strength, gait and 
everyday activities performance capacity decreased, though patients care 
started many years before. Patients care includes supervised physio therapy 
sessions and home exercise performing. Research goal was to assess the 
improvement in patients with knee OA motor performance with home 
exercise program (HEP) 8-weeks before total knee arthroplasty (TKA). 
Hypothesis: 8-week HEP improve legs motor performance in patients 
with knee OA. Ten female patients with knee OA with the mean (±SE) 
age of 62.7±2.3 yrs; ten age- and gender-matched healthy controls with 
the mean (±SE) age of 62.6±1.1 yrs. Motor performance was assessed 
by isometric strength of the quadriceps femoris (QF) and hamstring 
(HM) muscles, gait, Five-Time-Sit-to-Stand (FTSTS) test and knee active 
range of motion (aROM) before and after 8-week HEP. Outcome was 
measured by Western Ontario and McMaster Universities Osteoarthritis 
Index (WOMAC). After 8-week HEP, QF and HM isometric strength, 
knee aROM during flexion and the gait stride length for the involved 
leg increased (p<0.05) compared to pre-exercising level. The WOMAC 
score increased and FTSTS test time shortened (p<0.05) after 8-week 
HEP. Difference in measured parameters between the patients involved 
leg decreased as compared to uninvolved leg and controls. Study showed 
that after 8-week HEP improved involved leg thigh’s muscle strength, 
knee aROM, and stride length. Sit to stand test performance and patient’s 
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 self-assessed condition improved. In conclusion, HEP with at least 8 
weeks should be recommended for patients with knee OA before TKA. 

INTRODUCTION

Knee osteoarthritis (OA) is a chronic health problem, affecting adults 50 
yrs of age or older [34] and leading to decreasing mobility [20], decondi-
tioning, reduced functional status and quality of life [15, 19] in patients. It 
has been found that in patients with knee OA muscle strength and  muscle 
power decreases with age. Low muscle strength and power is associated with 
patients’ poor mobility [17] and decreased knee range of motion (ROM) 
affect patients’ ambulation function [32]. According to this the gait para-
meters are affected in patients with knee OA before and after total knee 
arthroplasty (TKA) [13].

It has been advised to use muscle strengthening program [7] and in func-
tional exercises to relieve pain in patients with knee OA [22]. Edu cation, 
exercising and weight loss are effective in the long term as first-line treat-
ment [26]. Therapeutic exercises and physical activity are important for 
patients with knee OA in any stage of the disease [23]. 

The study of Hurley and Scott [14] demonstrated that the increase in 
quadriceps femoris (QF) muscle strength associated with disability reduc-
tion in patients with knee OA after 12 weeks of outpatients’ physio therapy 
sessions twice a week. The increase in QF muscle strength and motor func-
tion after 4–6-week pre-rehabilitation in patients with severe knee OA 
before TKA has been shown in several studies [17, 18, 25] where patients 
with knee OA done therapeutic exercises under physiotherapist supervision 
in the clinic. In patients with medial knee OA, the 8-week training of hip 
abductors within home exercising program improved the function of the 
knee and reduced pain [30]. On the other hand, the study of Rodgers et al. 
[24] that assessed the 6-week pre-operative physiotherapy effect, failed to 
support the routine use of pre-operative physiotherapy for patients before 
TKA. Ackerman and Bennell [1] concluded that pre-operative physiother-
apy programs are not effective in improving the outcome after TKA. Patients 
who participated in an exercise intervention program three times per week, 
for 8 weeks before TKA, had a better quality of life 3 months after TKA [4]. 

The results yielded by pre-operative rehabilitation studies are controver-
sial and the respective research has concentrated on knee ROM, QF strength 
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and leg extensors strength, and also on subjective questionnaires in patients 
with knee OA. 

To our best knowledge, no studies have been conducted on the effect 
of home exercise program in patients with knee OA 8-week before TKA. 
The purpose of this study was to measure the changes in motor function in 
patients with knee OA after 8-week home exercise program (HEP). It was 
hypothesised that after 8-week HEP in patients with knee OA motor perfor-
mance of the legs improve.

MATERIAL AND METHODS

Subjects

Ten female subjects with knee OA (HEP group) aged 59 to 74 years waiting 
for unilateral TKA in stage III–IV according to the Kellgren-Lawrence Scale 
[16] participated in this study. The subjects were recruited by orthopaedic 
surgeons in the Department of Orthopaedics and Traumatology of Tartu 
University Hospital, between February and December 2011. The mean±SE 
age of the subjects in the HEP group was 62.8±2.3 yrs, height 160.5±1.8 cm, 
body mass 82.4±4.4 kg, and BMI 31.5±1.5 kg/m2. The data of HEP group 
subjects were compared to ten healthy subjects as controls (mean±SE age 
of 62.1±1.8 yrs, height 161.0±1.8 cm, body mass 70.6±4.1 kg, and BMI 
27.2±1.5 kg/m2).

The exclusion criteria for HEP group subjects was inflammatory  arthritis, 
obesity (BMI>35 kg/m2), implanted pacemakers, progressive neurological 
disease, diabetes, head injuries, cardiac diseases NYHA III–IV,  osteo porosis, 
deep vein thrombosis, COPD, Parkinson disease. Healthy subjects  (control 
group) exclusion criteria were joint replacement of any joint of lower extre-
mities, painful joints, or any other criteria listed for the subjects in HEP group. 

The subjects were instructed and the thigh muscle strength and gait 
 testing procedures were demonstrated 24–48 hours before collecting the 
first data. This was followed by a practical session to familiarise the subjects 
with procedures. Before testing, each subject underwent a 10-min warm-up 
consisting of ride by bicycle and stretching exercises. Both legs were tested, 
the uninvolved leg was tested first. The data collection was done before and 
after 8-week HEP, whereas the control subjects evaluated once. Baseline and 
follow-up study evaluations were the following: isometric strength of the 
QF and hamstring (HM) muscles, gait assessment, FTSTS test, WOMAC 
questionnaire and knee aROM. 
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Before participation in the study, all subjects gave their written informed 
consent. The study carried the approval of the University of Tartu Ethics 
Committee. 

Home exercise program 

The pre-operative therapeutic 8-week HEP was mainly oriented to  muscle 
strengthening exercises with elastic band (Thera-Band, System of Progres-
sive Exercise, US), in addition, the subjects did stretching, balance and 
 walking exercises. At the first meeting, the physiotherapist gave a detailed 
verbal, visual and hands-on instruction on the exercise program to the HEP 
group subjects, provided them with the elastic band set, printout of the 
exercise program with pictures and explanations, and diary. The subjects 
recorded daily for how many times they did each exercise, the training time, 
perception of pain before and after HEP, time spent in outdoor walking and 
the how many stairs they had walked during the day. All exercise done with 
both legs. Pain before and after HEP was assessed using Borg Scale of pain. 

Measurement of isometric maximal voluntary contraction force 

MVC force of the QF and HM muscles was measured by hand-held 
dynamometer (Lafayette Manual Muscle Test System). During QF muscle 
MVC force testing the subject was seated on the investigation chair with 
knee and hip joints flexed to 90 deg, the subject body was fixed with a special 
belt. Hand-held dynamometer was placed proximal to the ankle on anterior 
surface of leg with special belt. During HM muscle MVC force testing, the 
subject was in the prone position on the investigation table; knee was flexed 
30 deg with special pillow. Hand-held dynamometer was placed proximal to 
the ankle on posterior surface of leg with a special belt [29]. Belt was fixated 
to standardized attachments on the investigation chair for extension and 
on the investigation table for flexion. The length of the belt allowed for an 
isometric contraction to be performed with the knee at 900 during flexion 
and 300 during extension. The positions were supervised by the investigator 
and the subjects were encouraged to act in the showed way. The subjects 
were required to exert isometric strength pushing against the dynamometer 
for approximately 3 s during each contraction, and instructed to “push as 
hard as possible”. The best results from 3 attempts were taken as MVC force, 
whereas parameters were normalized with the subject’s body mass (kg). A 
rest period of 1 min was allowed between attempts. Stark et al. [31] in sys-
tematic review found minimal differences between hand-held dynamometry 
and isokinetic testing. 
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Measurement of gait 

Gait kinematic temporal and distance characteristics were recorded using 
optic-electronic movement analysis system ELITE (BTS, Italy) with six 
infrared cameras with the sampling rate of 100 Hz, and the ground reac-
tion forces (GRF) were measured simultaneously with two Kistler platforms 
 (Kistler 9286A, Sweden). Twenty passive reflecting spherical markers with 
the diameter of 15 mm were attached to the selected anatomical points 
of body according to the Davis [9] biomechanical model. Gait kinematic 
temporal and distance characteristics data and GRF were computed by and 
ELITE Clinic software (BTS SpA, Italy). Values of temporal parameters 
[stance time (s), stride time (s)) and distance parameters (step length (m), 
velocity (m/s) and stride length (m)] were used for future analysis, whereas 
step length and velocity parameters were normalized with the subject’s leg 
length (m). The subjects were requested to walk at the comfortable velocity 
along a 5.3 m walkway. Three to five trials were recorded and the trial with 
stable walking cadence (without de- or accelerations) was taken for analysis.

Gait analysis is a reproducible and objective method of quantifying 
changes in gait before and after treatment in patients with different condi-
tions, including knee OA [33].

Measurement of sit to stand performance

Five-Time-Sit-to-Stand (FTSTS) test has been used for measuring lower 
extremity function [8], it measures the time required to rise from a chair and 
sit down for 5 repetitions. The subject was seated on an armless chair with 
knees at 900 flexion and hold arms across the chest. At the beginning and 
end of the test the subject was in the seated position. The time (measured 
with a hand-held stop watch) was recorded during which the subject trans-
ferred as quickly as possible for 5 times between the sitting and standing 
position. The subjects were instructed to stand up fully on each repetition. 
When the subject felt the pain, or did not stand fully up the test was inter-
rupted. Two trials were recorded and the fastest successful one was used for 
analysis. FTSTS test conducted same person.

Knee flexion range of motion measurement 

Knee aROM during flexion was measured in prone position with the  standard 
long arm goniometer. The axis of the goniometer was placed over lateral 
femoral epicondyle, the proximal end of the goniometer was aligned with the 
great trochanter of the femur and the distal arm was aligned with the  lateral 
malleolus. The subjects were instructed to maximally flex the knee and draw 
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the heel toward the buttocks. The maximal knee flexion was recorded from 
three trials. Goniometric knee flexion measurements are highly reliable in 
persons with knee OA [12].

Patients’ self-assessment of knee joint function

For the assessment of the subject’s condition the WOMAC was used. The 
WOMAC measures five items for pain (score range 0–20), two for stiff-
ness (score range 0–8), and 17 for functional limitation (score range 0–68). 
Higher WOMAC scores indicate worse pain, stiffness, and functional limi-
tations. The subjects completed the questionnaires independently. Studies 
showed that WOMAC score is valid instrument for assessing patients with 
knee and hip OA [2].

Statistical analysis

Data are expressed as mean and standard error (±SE). One-way analysis 
of variance (ANOVA) followed by Tukey a post hoc comparison was used 
to evaluate differences between the groups and between the involved and 
uninvolved leg in subjects with knee OA. A paired t-test was used to  evaluate 
differences between pre- and post-HEP session characteristics. A level of 
p<0.05 was selected to indicate statistical significance. 

RESULTS

Before 8-week HEP, subjects with knee OA showed a significant reduction 
(p<0.05) in the QF and HM muscle MVC force and knee aROM  during 
 flexion for the involved leg as compared with the uninvolved leg and 
 controls (Table 1). For the involved and uninvolved leg the stance and stride 
time (Table 1) were longer (p<0.05), whereas the step and stride length was 
shorter, and velocity was lower (p<0.05) as compared with controls.

After 8-week HEP, the QF muscle MVC force and knee aROM  during 
flexion increased (p<0.05) for the subjects’ involved leg, whereas the knee 
aROM remained significantly lower (p<0.05) as compared with the unin-
volved knee and controls. The HM muscle MVC force remained lower 
(p<0.05) for both legs as compared with controls, whereas the HM:QF 
 muscle strength ratio (Table 1) for the subjects’ involved and uninvolved leg 
and controls did not differ significantly as compared before 8-week HEP. 
The WOMAC score (Table 2) improved (p<0.05), and FTSTS time (Table 2) 
shortened (p<0.05) after 8-week HEP in subjects, whereas these parameters 
remained lower (p<0.05) as compared with controls. 
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Table 1. Mean (±SE) values of knee active range of motion (aROM=deg), quadriceps 
femoris (QF) and hamstring (HM) muscle isometric strength (MVC) and HM:QF  muscle 
strength ratio and gait parameters (stance time (s), stride time (s), step length (m), 
 velocity (m/s), and stride length (m)) in subjects with knee osteoarthritis (n=10) before 
and after 8-weeks home exercise program (HEP) comparing the involved leg (IN) with the 
uninvolved leg (UN) and control subjects (n=10).

Parameter
Before After

Controls
IN UN IN UN

aROM 108.3±3.4 ad 084.9±7.4 a 115.0±2.4 bcd 096.6±5.7 c 126.0±1.9

QF MVC 00.11±0.02ad 00.17±0.02 a 00.18±0.15b 00.22±0.02 b 000.3±0.03

HM MVC 00.08±0.01ad 00.12±0.01a 00.12±0.02a 00.15±0.02a 00.24±0.01

HM/QF MVC 000.9±0.15 00.75±0.07 00.74±0.1 00.70±0.008 00.83±0.0

Stance time 00.69±0.02a 00.71±0.02a 00.73±0.09bc 00.84±0.15 00.55±0.01

Stride time 01.16±0.03a 01.18±0.03a 01.23±0.14 01.28±0.16c 00.96±0.02

Step length 00.71±0.04a 00.71±0.03a 00.66±0.05bc 00.74±0.07 00.85±0.03

Velocity 01.19±0.07a 01.21±0.07a 01.20±0.15c 01.17±0.15c 01.75±0.05

Stride length 01.17±0.05a 01.21±0.04a 01.23±0.1b 01.15±0.06c 01.41±0.03

a significant difference (p<0.05) compared with the controls before 8-week HEP, 
b significant difference (p<0.05) compared with the pre-treatment level,
c significant difference (p<0.05) compared with the controls after 8-week HEP,
d significant difference (p<0.05) compared invloved leg with uninvolved leg 

Table 2. Mean (±SE) values of Five-Time-Sit-to-Stand (FTSTS) test time (s) and Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score (points) in sub-
jects with knee osteoarthritis (n=10) before and after 8-weeks home exercise program 
(HEP) comparing results before and after 8-week HEP and control subjects (n=10).

Parameters Before After Controls

FTSTS 26.3±6.8 a 16.02±2.5 bc 7.68±0.33

WOMAC 51.5±8.8 a 66.98±8.1 bc 99.3±0.54

asignificant difference (p<0.05) compared with the controls before 8-week HEP, 
bsignificant difference (p<0.05) compared with the pre-treatment level,
csignificant difference (p<0.05) compared with the controls after 8-week HEP,
dsignificant difference (p<0.05) compared involved leg with uninvolved leg. 

After 8-week HEP, the stride length for the involved leg increased (p<0.05), 
whereas the stride length for the uninvolved leg was shorter (p<0.05) as com-
pared with controls. The stance time was prolonged (p<0.05) and step length 
decreased (p<0.05) for the involved leg. The stance time, step length and 
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velocity for the involved leg differed significantly (p<0.05) as compared with 
controls. Step length and stance time for the uninvolved leg and stride time 
for the involved leg did not differ significantly as compared with controls.

DISCUSSION

The main findings after 8-week HEP as compared with the pre-HEP level: 
(1) the QF muscle MVC force was increased for the involved and uninvolved 
leg and did not differ with controls; (2) sit-to-stand performance improved 
and disease-specific limitations were decreased (WOMAC).

This study demonstrated that in patients with knee OA, the QF muscle 
MVC force increased after 8-week HEP 39% for the involved and 23% for the 
uninvolved leg, and the HM muscle MVC force 33% and 20%, respectively.

The HM:QF muscle strength ratio did not differ significantly between 
involved and uninvolved leg in subjects with knee OA and controls, whereas 
before 8-week HEP in subjects with knee OA the involved leg’s HM muscle 
MVC force was higher than QF muscle MVC strength in three subjects, and 
after 8-week HEP in one subject. The study showed that increase bilateral 
QF muscle MVC force is possible with 8-week HEP. Participants in the study 
of McKay et al. [18] exercised 3 times per week for 6 weeks under super-
vision before TKA (circuit of bilateral lower body exercises) and achieved 
clinically significant increase in QF muscle strength, walking speed and 
mental health. Chun et al. [7] concluded that muscle strengthening in a 
treatment  program is important for patients with severe knee OA. Baker et 
al. [3] found in their study that high-intensity, home-based strength training 
is effective in patients with knee pain and radiographic evidence of knee OA. 
Affected extremity strength deficit emerges by adaptive functional habits 
when knee pain and dysfunction affects subjects with knee OA for a long 
time before TKA (reduced physical activity). 

During 8 weeks, HEP group subjects had an average 58 sessions, 
30  minutes each. Subjects did HEP every day and exercised with both legs. 
They were physically active 58 minutes per day (walking, walking on stairs, 
gardening). During the first week, the subjects had problems with rise from 
chair and single leg stand. Since the third week the subjects described less 
pain in the knee joint during and after exercising; they were advised to 
increase the number of repetitions. Four weeks after starting they changed 
the easier Thera-band with a stronger one. The subjects who cancelled TKA 
(four out of 10) told that the involved leg does not disturb everyday life. 

Esser and Bailey [11] concluded that exercising can be a powerful 
medicine for patients with knee OA. Carvalho et al. [5] found that home 
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 exercising (printed manual) with monthly reassessment by physiotherapist 
allowed in patients with knee OA to achieve a significant improvement in 
pain, knee ROM during flexion, muscle strength and functional capacity. 

In our study, subjects with knee OA walked with altered gait. Difference 
between the involved leg and controls of the stride time, stance time and 
step length increased, whereas the velocity and stride length neared to the 
controls after 8-week HEP. Better indices of knee aROM during  flexion and 
QF muscle MVC force are important factors for gait improvement. Esrafilian 
et al. [10] found that in patients with knee OA the stride length was signi-
ficantly lower. Rutherford et al. [27] showed that the measured gait para-
meters worsened with disease progression. Shrader et al. [28] found that 
knee pain relief is adequate to improve gait in patients with painful medial 
compartment osteoarthritis of the knee after intra-articular injection. 

In our study, the WOMAC score in subjects with knee OA increased 
23% after 8-week HEP, whereas WOMAC score of controls stay 33% higher. 
Rooks et al. [25] did not observe changes in the WOMAC total score. In their 
study, the exercise group performed water- and land-based exercises 3 times 
weekly over a 6-week period immediately prior to surgery. Similar tendencies 
in the WOMAC total score were found by McKay et al. [18] in their 6-week 
pre-rehabilitation exercise program conducted 3 times per week. 

In our study, the FTSTS test time shortened 39% in subjects with knee 
OA after 8-week HEP, whereas controls performed this test 52% quicker 
than HEP group. The similar results were established by Sled et al. [30] in 
their study after 8-week HEP of strengthening hip abductors in patients 
with medial knee OA. The study [6] showed that the FTSTS time was signi-
ficantly longer in the end stage knee OA than in healthy controls. 

The involved knee aROM during flexion improved after 8- week HEP 
12%, whereas the uninvolved knee improvement was 6%. When com paring 
the involved and uninvolved leg with controls 8 weeks after HEP, the aROM 
difference was 23 and 9%, respectively. Osteoarthritis is associated with 
changes in synovium, menisci, ligaments and muscles, and it is not realistic 
to expect full improvement in knee aROM after 8-week HEP. The maximal 
involved knee flexion was from 95 to 1420 in the study of Mizner et al. [19] 
before knee TKA, in the study of Otsuki et al. [21] the knee ROM before 
TKA was 1170, and in healthy controls 1550. 

The present study has a limitation, the number of subjects with knee OA 
and healthy control subjects measured was small. Despite this, study indi-
cates that in subjects with knee OA, the QF muscle MVC force, WOMAC 
score and knee aROM during flexion increased for the involved leg as com-
pared to the uninvolved leg, and FTSTS test time shortened. 
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This study demonstrated that in patients with knee OA was possible 
increase with 8-week HEP thigh muscle strength, knee aROM and strides 
length during gait for the involved leg, and improves sit to stand performance 
before TKA. Also the subjective condition that assessed with WOMAC score 
improved.
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