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Introduction
The great increase in the elderly population worldwide is the most 

important change in the field of public health in the 21st century. It has 
being estimated that the number of people over the age of 65 years will 
be doubled in the first two decades in the 21st century [1]. Consequently, 
osteoarthritis (OA) and other diseases that are associated with old age 
will become much more important both medically and economically, 
posing great demand on the health facilities and caregiver’s resources.

Osteoarthritis is the most commonly encountered disease of the 
musculoskeletal system [2]. Symptoms and disability in individuals 
with osteoarthritis increase in prevalence with increasing age [3] and 
they use health-care services at a higher rate than individuals with 
other chronic diseases [4]. The number of people with OA disability 
is expected to double by the year 2020 [5], thereby increasing its 
already significant economic burden. The physical disability arising 
from knee OA prevents the performance of daily life activities and 
negatively affects the life quality [2]. Several factors play roles in the 
occurrence of physical disability in osteoarthritis patient. These include 
pain, restriction in joint range of movement, muscle weakness, and 
coordination impairment [6].

The coexistence of knee OA and weakness of the quadriceps muscle 
groups are well known [7]. Muscle strength measurements are important 
in the follow-up of outcome of the treatment and the quality of life in 
individuals with OA [8]. The effect of OA on proprioception has also 
been established. Decreased proprioception results in predisposition 
to development of osteoarthritis due to abnormal position of the joint 
and contributes to functional insufficiency by affecting functional 
parameters such as decreased walking speed, shortened step and 
decreased total walking time [9]. However, there is still a big cloud on 
how to improve proprioception in these individual.

There is significant loss of proprioception and kinesthesia 
sensation in individuals with osteoarthritis of the knee joint [2,8]. 
Impaired proprioception adds to functional insufficiency by generating 

impairment in walking rhythm, shortening step distance, and a 
decrease in walking speed and total walking time [6]. Therefore, efforts 
have been directed towards increasing proprioception in individuals 
with knee osteoarthritis but the best method of achieving this is still 
elusive. Therefore this study investigated the comparative effects of 
close-chain exercises (combined kinaesthesia and balance training) and 
open-chain exercises (muscle strengthening) on knee proprioception 
and thigh muscle strength in individuals with osteoarthritis of the knee.

Methods
Prior to the commencement of the study, ethical approval was 

obtained from a Research and Ethical Committee. All study participants 
were informed about the procedure of the study and written informed 
consent was obtained from each patient. The exercise training was 
carried out in the physiotherapy out-patient department of two tertiary 
health institutions in Nigeria. Patients who met the inclusion criteria 
were randomized into two groups (close-chain and open-chain exercises 
groups) using the one-to-one randomization method by allocating one 
patient to the study group and the other patient to the control group 
one by one according to their order in the hospital register. The Western 
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
and the Medical Outcomes Study Short Form Health Survey (SF-36) 
were used in the assessment of the patients before and after 8 weeks 
of exercise programme. Isokinetic muscle strength of the quadriceps 
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and hamstring muscles, 10 meter walking time, 10 stairs climbing time, 
and the sensation of proprioception in the knee were measured on each 
participant. Proprioception measured was assessed using reproductive 
test measurements. The subject’s ability to reproduce the active and 
passive knee angles was evaluated at different angles. This procedure 
was repeated three times at one-day intervals and the averages for every 
angle were obtained. Care was taken to carry out the testing in a quiet 
environment in eyes-closed position. The subjects were tested in supine 
position on a plinth that positioned the subject in different angle of 
knee flexion. The subjects were asked to reproduce knee flexion from a 
predetermined angle of passive knee flexion. Using a table tensiometer, 
the peak torque value of the quadriceps and hamstring muscles group 
were measured at different angles of the knee joint. Peak torque/body 
weight (N-m/kg) ratio was used for evaluations. The tensiometer was 
tied to the legs, at the ankle joint, the subjects were asked to pull the 
device to a 10 maximum pull.

The close-chain group participated in kinaesthesia and balance 
exercises while the open-chain group received only strengthening 
exercises. Prior to the exercises, patients in both groups were informed 
about knee osteoarthritis and protective recommendations for the knee. 
The exercises were performed twice a week at duration of thirty minutes 
at an interval of one day under the researcher’s supervision. Isometric 
and isotonic strengthening exercises were applied to quadriceps and 
hamstring muscles. Isometric exercises were applied with six seconds 
contractions with eight repetitions and a rest period of two seconds. 
Isotonic exercises were started from the third week and the maximum 
weight that can be lifted 10 times (10 repetition maximum [10 RM]) 
was determined. The exercises were applied as 10 repetitions with half 
of this weight, 10 repetitions with three fourths of this weight, and 10 
repetitions with the whole 10 RM. 10 RM was determined every week. 

The following kinaesthesia and balance exercises were carried out 
by the participants in the close-chain exercise group: 

At week one

1. Standing with feet together in eyes-closed and training balance 
time without sway.

a. On hard ground

b. On soft ground (on a mat)

2. Retro walking (25 m)

3. Walking on heels (25 m)

4. Walking on toes (25 m)

5. Walking with eyes closed (25 m)

6. Standing on one extremity for 30 second (repeated in both 
extremities), leaning forward, backward, and to the sides on 
one extremity (eyes open), leaning forward, backward, and to 
the sides on one extremity (eyes closed), and sitting down and 
standing up from a high chair slowly

7. Stair-up and -down a regular 3 steps staircase (17 cm high and 
23 cm wide)

8. Standing with feet approximately shoulder width apart and 
extend arms out slightly forward and lower than the shoulder. 
Lift both heels off the floor and try to hold the position for 
10 seconds. This was followed by climbing a regular 3 steps 
staircase (17 cm high and 23 cm wide), up and down

9. Standing with feet side by side, hold arms in the same position 
as described in the previous exercise. Place one foot on the 
inside of the opposing ankle and try to hold the position for 10 
seconds, followed by climbing a regular three steps staircase (17 
cm high and 23 cm wide), up and down

At week two (in addition to exercises during week one) 

1. Exercise with wobble board

2. Sitting down and standing up from a low chair slowly

3. Plyometric exercise (crossing a height of 15cm by jumping)

4 (a) Walking slowly in a wide circle of 10 meter radius

(b) Walking quickly in a wide circle of 10 meter radius

(c) Walking slowly in a narrow circle of 5 meter radius

(d) Walking quickly in a narrow circle of 5 meter radius

At week three (in addition to exercises during week two)

1. Walk heel-to-toe along a 3m line marked on a medium-density 
polyfoam mat

2. With the knee straight but not hyperextended, execute single 
(relatively small) leg raises to the front, then back.        This was 
continued alternating front to back

3. Plyometric exercise (crossing a height of 15 cm by jumping)

The exercises performed on the third day were repeated all through 
rest of the weeks

The lower extremity isometric and isotonic strengthening 
programmes were carried out as follows:

At week one: 

1. 5-min fixed bike exercise without resistance

2. Range-of-motion and active stretching exercises applied to 
hamstring and quadriceps muscles

3. Quadriceps isometric strengthening exercise

4. Hamstring muscles isometric exercise

At week two: (in addition to exercises during week one)

1. Short-arc terminal extension exercise for the knee joint

2. Isometric exercise for the abductor and adductor muscles of the 
hip joint

At week three: (in addition to exercises in week two) 

1. Short-arc terminal extension exercise with resistance for the 
knee joint

2. Isometric strengthening exercise with resistance for the 
hamstring muscles

The exercises performed on the third day was repeated all through 
rest of the weeks

Data was summarized using descriptive statistics and standard 
deviation, frequency and percentiles. Independent t-test was used to 
compare the proprioception and functional performance in the two 
groups. Pearson’s correlation coefficient was used to find the relationship 
between proprioception and functional performance.

http://dx.doi.org/10.4172/2329-6879.1000104


Citation: Gbiri CA, Okafor UAC, Alade MT (2013) Comparative Efficacy of Open-chain and Close-chain Kinematics on Proprioception, Muscles’ 
Strength and Functional Performances in Individual with Knee Osteoarthritis. Occup Med Health Aff 1: 104. doi:10.4172/2329-6879.1000104

Page 3 of 5

Volume 1 • Issue 1 • 1000104
Occup Med Health Aff
ISSN:2329-6879 OMHA, an open access journal

Results
Twenty-five out of the 30 participants completed this study giving 

16.67% attrition rate. Their age ranged between 47 and 74 years with a 
mean of 62.7 ± 8.5 years, (Table 1). Their mean height, weight and BMI 

were 71.8 ± 16.4 kg, 1.55 ± 0.1 meters, 30.8 ± 10.0 kg/m2 respectively 
(Table 1). Ten (40%) were married while 15 (60%) were widows (Table 
1). There were significant improvement in the pre-exercise and post-
exercise training values of 4-stair climbing and physical function in 
both groups (Table 2). The close-chain group’s scored significantly lower 
than those in open-chain group in 4-stair climbing at post-exercise 
training period (Table 2). The close-chain group showed significantly 
better improvement than the open-chain in physical function, energy, 
role limitation, pain and severity of osteoarthritis at post-exercise 
stage. The post-exercise value of the close-chain group was lower and 
but closer to the predetermined angle than those of the strengthening 
group. There was significant improvement between the pre-exercise and 
post-exercise periods in the two groups (Table 2). The mean values of 
the quadriceps and hamstrings muscles were significantly higher in the 
open-chain group than the close-chain group at post-exercise training 
period (Table 2). There was significant inverse relationship between 
each of walking-time and stair-climbing and ability to perform the 
activity of daily living and the health-related quality of life. There was 
no significant difference in the pre-exercise and post-exercise measures 
of proprioception at 400 and 800 of knee flexion in the open-chain 
group (Table 2). The close-chain group performed significantly better 
in all performances except in quadriceps muscle strength, symptoms of 
osteoarthritis, knee stiffness and pain severity (Table 3). There was no 
significant difference in performances in the proprioception in the two 
groups except in the 400 proprioception where the close-chain group 
performed significantly better (Table 3). 

Discussion
The study investigated the comparative effects of combined 

kinaesthesia and balance training, and muscle strengthening on 
knee proprioception and thigh muscle strength in individuals with 
osteoarthritis of the knee. The mean age of the participants for this study 
shows that knee osteoarthritis is more common at elderly age. The fact 
that more than four-fifth (84) of the participants were female shows the 
higher prevalence of osteoarthritis of the knee among women than men 
at older age. This may be attributed to the hormonal changes that occur 
in post-menopausal women. Women have been shown to demonstrate 
increase in body adiposity and body weight after menopause. Increase 

Variables
Kinaesthesia group Strengthening group

 Mean SD Mean SD 
Age (years) 60.2 8.3 65.9 8.1
 Height (cm) 1.53 0.1 1.57 0.1
 Weight (kg) 70 12.8 74.2 20.6

Body Mass Index (kg/m2) 30 5.1 31.8 14.3

Table 1: Physical characteristics of the participants.

Parameter        Experimental 
Group

      Control 
Group       

Mean SD    Mean SD p-Value
10 m walk-time Pre-exercise       13.3 2.3 11.9 3.8 0.20  

(Seconds)    
Post- exercise     19.2 3.4 21.1 4.2 0.23
p-Value 0.00 0.00

4-stair climbing Pre-exercise       12.5 2.1 14.3 5.9 0.01
Post- exercise     17.5 5.7 19.9 7.6 0.35
p-Value 0.00 0.00

Physical function Pre-exercise       18.2 14.1 16.3 9.3 0.3
Post- exercise     39.3 9.5 35.1 8.3 0.79
p-Value 0.00 0.00

Pain Pre-exercise       21.3 5 18.2 4.5 0.73
Post- exercise     10 7.9 8.5 4.3 0.09
p-Value 0.00 0.00

Osteoarthritis 
severity

Pre-exercise       75.4 17.9 67.4 16.2 0.82

Post- exercise     35.6 26.1 33 15.3 0.23
p-Value 0.00 0.00

Role limitation Pre-exercise       59.2 19.3 65.9 20.1 0.84
Post- exercise     37.9 12.8 35.5 15.7 0.95
p-Value 0.00 0.00

Energy Pre-exercise       58.2 14.4 55.4 18.6 0.45
Post- exercise     70.6 12.9 74.1 9.4 0.59
p-Value

40° Knee flexion Pre-exercise       40.2 7.2 44.3 4.6 0.04
(N-m/ kg) Post- exercise     40.1 1.3 40.9 1.7 0.1

p-Value 0.05 0.03
60° Knee flexion Pre-exercise       64.6 5.7 64.5 6.5 0.8

(N-m/ kg) Post- exercise     61.2 1.3 60.5 2 0.21
p-Value 0.03 0.03

80° Knee flexion Pre-exercise       84.1 5.6 82.9 6.5 0.61
s Post- exercise     82.1 1.4 80.9 1.1 0.26

p-Value 0.04 0.04
Hamstring 

muscle strength
Pre-exercise       5.9 2.1 4.9 2 0.33

Post- exercise     8.6 1.3 9.1 2.3 0.02
p-Value 0.00 0.00

Quadriceps 
muscle strength

Pre-exercise       12 4 10.3 3.7 0.73

Post- exercise     16.8 2.8 16.8 4.4 0.88
p-Value 0.00 0.00

p<0.00

Table 2: Pre and post-intervention comparison of the performances of the two 
groups of the participants.

Parameter
Close-chain Open-chain

p-ValueMean 
Difference SE Mean 

Difference SE

Hamstring strength 4.181 0.084 3.500 0.054 0.002
Quadriceps strength 4.367 0.063 5.208 0.07 0.031
40° angle of proprioception 3.431 0.860 2.114 0.923 0.012
60° angle of proprioception 4.001 1.431 4.000 0.843 0.512
80° angle of proprioception 2.000 1.826 1.909 0.980 0.807
10 meter walk 9.157 0.143 7.645 0.125 0.002
4-stair climbing 5.670 0.496 5.532 0.466 0.034
Osteoarthritis symptom 4.273 0.452 5.279 0.196 0.047
Knee stiffness 1.182 0.189 2.250 0.003 0.045
Pain 9.745 0.075 10.596 0.306 0.022
ADL 18.746 0.298 20.021 0.590 0.008
Severity 34.409 0.282 37.467 0.837 0.005
General Health 12.341 0.137 11.542 0.087 0.007
Physical Health 47.728 5.135 39.583 4.522 0.002
Emotional Health 54.555 0.477 47.225 1.083 0.007
Energy 18.727 2.758 15.875 0.988 0.012

Table 3:  Comparison of the effect of close-chain and open-chain kinematics of the 
symptoms and severity of osteo-arthritis in the participants.
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proprioception is association with knee osteoarthritis. This finding 
corroborates findings of previous studies that osteoarthritis impairs 
proprioception [17-19]. This impaired proprioception has been said to 
be a general problem and not a local phenomenon in knee OA patients 
[19-21]. This functional status and motor control improvement might 
have been due to improvement in dynamic stabilization, synergistic and 
synchronous working of the muscle groups resulting from repetitive 
movements that that characterize activities of daily living [2,22,23]. 

Conclusion
This study showed that proprioceptive perception is impaired in 

individuals with knee osteoarthritis and that this impairment is large 
enough as it affects their functional performance. Both open-chain 
and close-chain kinematics improve functional performance and 
reduce symptoms and severity in individuals with knee osteoarthritis. 
Close-chain kinematics is more effective in improving proprioception 
functional performances in individuals with knee osteoarthritis.
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in weight has also been shown to significantly predispose an individual 
to early and severe knee osteoarthritis. The significant increase in 10 
m walk-time between the pre-exercise and post-exercise stages in 
both groups shows that combined kinaesthesia and balance training 
is as effective as strengthening exercise in improving functional 
performance in terms of walking speed in individuals with knee 
osteoarthritis. So also, the fact that none of the groups demonstrated 
better significant improvement in the walking time shows that both 
techniques are effective in improving functionality in individuals who is 
undergoing rehabilitation from knee osteoarthritis. This finding agrees 
with those of Skinner et al. [10] and Sharma et al. [11] who concluded 
that combined kinaesthesia and balance training had no superior 
advantage over strengthening in improving walking-time in people 
with knee osteoarthritis. However, it disagrees with that of Diracoglu 
et al. [2] who despite record of effectiveness of strengthening concluded 
that combined kinaesthesia and balance training programmes had 
superiors advantage in improving walking time in individuals with 
knee osteoarthritis. 

The finding that both combined kinaesthesia and balance training, 
and strengthening exercise improved stair-climbing in individuals with 
knee osteoarthritis also shows the effectiveness of these programmes in 
the rehabilitation of individuals with knee osteoarthritis. The fact that 
there was no significant difference in the post-rehabilitation outcome in 
terms of stair-climbing shows that clinicians have the choice of choosing 
either of these programmes to improve stair-climbing function in 
individuals with osteoarthritis of the knee. This result disagrees that of 
Diracoglu et al. [2] that there was better improvement in the 4-stair-
climbing at post-exercise in people who have undergone combined 
kinaesthesia and balance than those who underwent strengthening.

This result of this study showed significant improvement in physical 
function, energy, role limitation, pain and severity of osteoarthritis 
at the post-rehabilitation period. This shows that both combined 
kinaesthesia and balance training, and strengthening rehabilitation 
programmes are effective in improving participation and functionality 
as well as severity of symptoms in individuals with knee osteoarthritis. 
This result agrees with that of Van der Esch et al. [12] who stated 
that the interaction between muscle strength and proprioception 
contributed significantly to the variance in functional ability and an 
increase of muscle strength would result in a bigger improvement in 
functional ability. The outcome of this study also revealed that patient 
with poor proprioception and weak muscle strength can benefit from 
the exercise performed in form of either combined kinaesthesia with 
balance training or muscle strengthening programmes. It also shows 
that combined proprioception and balance training will significantly 
improve muscle strength in individuals with knee osteoarthritis. 
This shows that muscle performance can be effectively improved in 
patients with muscle weakness if kinaesthesia and balance training 
programme is utilized. This will reduce the cumbersomeness that 
characterized the use of weight in strengthening of weak muscles. 
Therefore, Physiotherapists will have alternative source of muscle 
strengthening programme rather than over-reliance on weight for 
strengthening programme. This improvement may have been due to 
the inter-relationship between improved proprioception and increase 
muscle strength [12,13]. The remarkable improvement in the level of 
proprioception in the two groups showed that a good kinaesthesia and 
balance training coupled with strength training as well as a standard 
strength training programme is effective in improving proprioception in 
individuals with knee osteoarthritis. This finding corroborates previous 
studies who opined that poor proprioception can be compensated 
by adequate muscle strength [2,13-16]. This study showed that poor 
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