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The Effects of Closed Kinetic Chain Exercise and Open Kinetic Chain

Exercise on the Knee Position Sense in the Normal Adults

The purpose of this study is to investigate the effects of closed and
open kinetic chain exercise for increasing knee joint function on the
knee position sense in the normal adults. Thirty normal adults(male
15, female 15; mean age: 22.13±2.58 years) were participated in this
study into two groups, each with 15 people. The group I was trained
that closed kinetic chain exercise on the knee joint and the group II
was trained that open kinetic chain exercise on the knee joint.
Exercise programs performed for 4 weeks, 3 times a week were using
Shuttle 2000-1 closed kinetic chain exercise and Knee Extensor open
kinetic chain exercise(HUR, Filand). The results of this study were as
follows: 1) There were statistically significant decreasing of measuring
error degree in 0-20。were found between before and after training
in closed kinetic chain exercise(p<.05). 2) There were statistically sig-
nificant decreasing of measuring error degree in 21-40。were found
between before and after training in closed kinetic chain
exercise(p<.05). 3) There were statistically significant decreasing of
measuring error degree in 41-60。were found between before and
after training in closed kinetic chain exercise(p<.05). 4) There were
statistically significant decreasing of measuring error degree in 0-
20。were found between before and after training in open kinetic
chain exercise(p<.05). 5) There were statistically significant decreas-
ing of measuring error degree in 21-40。were found between before
and after training in open kinetic chain exercise(p<.05). 6) There were
statistically significant decreasing of measuring error degree in 41-
60。were found between before and after training in open kinetic
chain exercise(p<.05).
In conclusion, these results suggest that closed and open kinetic

chain exercise has increased in the knee joint proprioception
between before and after training. Especially, closed kinetic chain
exercise could be more useful intervention than open kinetic chain
exercise for increasing proprioceptive sense.
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Proprioceptive sense, composed of both movement
sense and position sense. Collecting sensory infor-
mation from mechanical receptors include ligaments,
muscles and joints. It also detects and balances
movements of various body parts to prevent the
body's excessive joint flexion and extension(1, 2, 3). 
As a part of the proprioceptive sense, the position

sense has the ability to determine and to remember
exactly where a particular body part is in a space,
thus to fulfill a role of stabilizing joints(4, 5, 6).
Furthermore, it tansmits that movement signals
received from a special form of mechanoreceptor
called neuroterminal of the central nervous system(7,
8). It is also responsible for consolidating movement
signals from various receptors such as muscles, tendon
and joint as well as a visual and a scalar vestibule so 
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that the body can recognize its position and control
its involuntary movement(9). 
Therefore, defective proprioceptive sense will produce

abnormal walking patterns and it will result in non-
physiological joint torque from exposed damages of
the joint to individual(10). When the untreated
injuries recurrently remained of the joint, body's
ability will be decreased in the areas of maintaining a
proper posture, keeping protected reflection and
controlling the body even though at a small change.
As a result, daily activity is going to be affected neg-
atively(3, 12). Damages of the knee joints particularly
will have a negative affect on body movement or it
will keep a body balance because they are the house
of mechanoreceptors type I, II and III that control
joint movement, speed, acceleration, direction and
position recognition(13). So, it is essential to main-
tain healthy position sense of the joints to properly
carry out daily activities and this applies to all
including the normal people as well as the elder
patients. There are two physical exercises called open
kinetic chain exercises(OKCE) and closed kinetic
chain exercises(CKCE) to strengthen knee joints.
OKCE are perform that the hand or foot is free to

move. These exercises are typically non-weight
bearing with the movement occurring at the elbow or
the knee joint. If there is any weight applied, it will
be applied to the distal portion of the limb. OKCE are
effective exercises for patients with limited range of
motion to strengthen their muscles(14, 15).
Furthermore, OKCE are additional trainings to keep
in a shape and to strengthen muscles(16). OKCE are
also used at the early stage of patients recovering
from the knee joint damages(17).
CKCE are physical exercises performing that the

hand(for arm movement) or the foot(for leg move-
ment) is fixed and cannot move. The hand/foot
remains in constant contact with the surface, usually
the ground or the base of a machine. These exercises
are typically weight bearing exercises, where an
exerciser uses their own body weight and external
weight. Good example of CKCE is squat exercise.
CKCE are known as rehabilitation exercise for
patients with anterior cruciate ligament injury.
Because of its effectiveness, CKCE's clinical applica-
tion is gaining ground more lately(18). The prece-
dented study had considered changes in propriocep-
tive sense with the application of OKCE. However, it
is regrettable that comparison of between OKCE and
CKCE was absent from the previous study.
This research will supplement the work of the

missing elements in the previous study; and it will
change in proprioceptive sense with the application

of both OKCE and CKCE. Both papers are written by
assist physiotherapists to offer proper treatments to
their patients with clear and objective information.

30 College-University students(male 15, female 15)
at the age of 20s were selected for this experiment.
All the subjects have healthy knee joint with normal
range of motion. None of them has record of trauma,
surgery or other medical problems in their knee
joint.
A preparatory experiment was carried out from

September 1 to September 7, 2009. The real experi-
ment was done from September 14 to October 9,
2009. Experimenter gave the subjects a thorough
explanation as to related and received consent before
the actual experiment took place.

Shuttle 2000-1(Shuttle System, USA) and Knee
Extensor(HUR, Finland) were used respectively for
CKCE and OKCE. E-LINK Evaluation System, V900s
was used to measure position sense of proprioceptive
sense(Fig. 1). 
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The subjects were divided into two groups; a CKCE
group and an OKCE group were to perform resist-
ance exercises assigned to them and to measure
changes as to how the exercises affected to
strengthen their position sense. An exercise to
determine for each subject, Oddvar Holten's
RM(Resistance Maximum) calculation system was
adopted.

RRMM ccaallccuullaattiioonn
1RM is the maximum resistance(or weight) that can

be overcome once by a subject during physical thera-
py sessions. This experiment used the Holten's
method that is to require subjects to repeat resist-
ance exercise with 60% of their 1RM. Holten's method
was developed based on the principles of Grimsby
where 1) objective of resistance and level must be
measurable, 2) all related muscles must be used dur-
ing the therapy, 3) the exercise must be a physiolog-
ical one(19). The table 1 shows the Holten's chart
used to determine an exercise dose calculating
resistance by Percentage of 1 RM.
The subject is provided with a 72lb weight and is

able to perform 30 repetitions. 30 repetition corre-
lates to 60% of 1 RM based on the Table 1.  

Therefore, X/60% = 72/60% X = 4320/60 = 72 

Thus, the subject's 60% of 1RM is 72lb. Once the
exercise was determined, the subjects were asked to
carry out 3 sets of lifting with the weight.
Experimenter averaged the number of repetition
during the 3 sets. To prevent muscle fatigue, 2
minute break time was given to the subjects at each
set(20).

EExxeerrcciissee pprrooggrraamm
Before engaging in the experiment, subjects did

some warm-up exercises on their back, knees, and
ankles to better adjust to the experiment. Based on
the predetermined exercise dose, subjects carried
out their assigned exercises using the selected
equipment. For proper use of Shuttle 2000-1, the
subject's tibia was kept perpendicular to the foot-
plate of the machine, his knee joint and hip joint
were kept at 90。for avoiding closed lock during
extension(Fig. 2).
For proper use of Knee Extensor, the subject set on

the machine keeping his back erected in upright
position while being supported by the machine's back
support, his tibia and thigh were kept at right angles
while in sitting position so that their knee joint was
in open position(Fig. 3). 
As the exercises done on the selected machines to

make it difficult for the subject to change the weight
freely, the experiment results used with the provided
objective equipment and quantifiable data. After the
experimental exercise was completed, subjects
wrapped up with cool down exercise. The experiment
lasted 4 weeks and 12 sessions in total(Table 2).

Procedure

FFiigg.. 11.. Test tools used in the experiment
A: Shuttle2000-1, B: Knee Extensor, 
C: Electrogoniometer

TTaabbllee 11.. Percentage of the Number Exercise

1 - 95
2 - 93
3 - 92
4 - 90
5 - 89
6 - 88
7 - 86
8 - 85
9 - 84
10 - 82
11 - 81
12 - 80
13 - 79
14 - 77
15 - 76
16 - 75
17 - 73
18 - 73
19 - 72
20 - 71

21 - 70
22 - 68
23 - 67
24 - 66
25 - 65
26 - 64
27 - 63
28 - 61
29 - 61
30 - 60
31 - 60
32 - 59
33 - 58
34 - 57
35 - 56
36 - 55
37 - 54
38 - 53
39 - 53
40 - 52

41 - 51
42 - 50
43 - 50
44 - 49
45 - 48
46 - 47
47 - 46
48 - 45
49 - 45
50 - 44
51 - 43
52 - 43
53 - 42
54 - 41
55 - 41
56 - 40
57 - 40
58 - 39
59 - 39
60 - 38

Repetition - % Repetition - % Repetition - %

C
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JJooiinntt ppoossiittiioonn sseennssee cchheecckk
This experiment measured active joint motion

repeatedly after setting passive joint position to measure
position sense. To minimize cutaneous input, the sub-
ject was asked to wear short pants with no socks on
their feet. While measuring the difference of knee joint
position repeatedly, the subject were stood with their
feet spread shoulder length and chest open. To block a
visual stimulation, the subject wore a black eye patch
and was asked to look straight.
The measurement of knee joint position repeatedly

was carried out as experimenter signaled the subject
slowly to bend their knees. Knee joint angle measure-
ments were consecutively made at 0。-20。, 21。-40。and
41。-60。. One spot within each angle range was select-
ed and set it as a target angle. Then the subject was
asked to stay at the angle position for 3 seconds so
that he could remember the position. After 10 second
break, the subject was asked to actively replay back to
the target angle. When they thought reached to it,
they were asked to report by saying 'stop'(21).
The replayed angle was measured and calculated the

difference between the target angle and replayed
angle. The difference was called error degree. 9 meas-
urements were made and 20 seconds breaks were
inserted at each measurement(Fig. 4).

FFiigg.. 22.. Closed kinetic chain exercise by Shuttle

FFiigg.. 33.. Open kinetic chain exercise by Knee extensor

FFiigg.. 44.. Manual settings-active reproduce test

Warmup

Experiment1

Experiment2

Cooldown 

Total

Stretching

Shuttle

Knee extensor

Stretching

5min

15min

15min

5min 

25min

Waist knee ankle rotation

CKCE

OKCE

Waist knee ankle rotation

Category Content Duration

* 

* 

Exercise period / Frequency / Duration:  4weeks / 3times per week /

25min per day

Experiment repetition: 3 sets (The exercise was determined by Holten's

chart)

TTaabbllee 22.. The contents of the configuration of exer-
cise program
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The analysis of this experiment was done with SPSS
12.0K windows program. To examine the effect of
both CKCE and OKCE for increase knee joint func-
tion on the knee position sense in the normal adults,
paired t-test was adopted. To examine the different
effect of each exercise, independent samples t-test
was adopted.

The characteristics of subjects were 30 adults at the
age of 22.13±2.58 with average, height of 22.13±
2.58cm 166.53±7.96 and weigh 57.83±9.80kg in
average(Table 3).

CCoommppaarriissoonn aatt 00。。--2200。。-- bbeeffoorree aanndd aafftteerr CCKKCCEE
Before the exercise of Measurement, the error

degree at 0。-20。was 4.11±1.95 and after the exercise,
significant decrease of the error degree showed 2.20
±1.73 statistically(p<.05)(Table 4)(Fig. 5).

CCoommppaarriissoonn aatt 2211。。--4400。。-- bbeeffoorree aanndd aafftteerr CCKKCCEE
Before the exercise of measurement, the error

degree at 21。-40。was 3.44±1.96 and after the exer-
cise, significant decrease of the error degree showed
1.81±0.96 significantly(p<.05)(Table 5)(Fig. 6).

CCoommppaarriissoonn aatt 4411。。--6600。。-- bbeeffoorree aanndd aafftteerr CCKKCCEE
Before the exercise of measurement the error degree

at 41。-60。was 4.17±1.94 and after the exercise sig-
nificant decrease of the error degree showed 2.22±
1.07 significantly(p<.05)(Table 6)(Fig. 7).
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Age

Height(cm)

Weight (kg)

22.27±2.63

165.53±7.30

56.67±7.89

22.00±2.62

167.53±8.70

59.00±11.58

22.13±2.58

166.53±7.96

57.83±9.80

OKCE
(n=15)

CKCE
(n=15)

Total
(n=30)

Category
Mean±SD

TTaabbllee 33.. General characteristics of subjects

TTaabbllee 44.. The summary of before and after the
measures on the knee position sense(0-20。).

RESULTS

Characteristics of Subjects

Analysis Method

Error degree
before

after

4.11±1.95

2.20±1.73
.007**

Mean±SD p

*p<.05, **p<.01, ***p<.001

TTaabbllee 55.. The summary of before and after the
measure on the knee position sense(21。-40。)

Error degree
before

after

3.44±1.96

1.81±.96
.013*

Mean±SD p

FFiigg.. 66.. The comparison of before and after on knee
position sense(21。-40。)
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FFiigg.. 55.. The comparison of before and after on knee
position sense(0。-20。)
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CCoommppaarriissoonn aatt 00。。--2200。。-- bbeeffoorree aanndd aafftteerr OOKKCCEE
Before the exercise of measurement the error degree

at 0。-20。was 3.50±1.38 and after the exercise signifi-
cant decrease of the error degree showed 2.70±1.25
significantly(p<.05)(Table 7)(Fig. 8).

CCoommppaarriissoonn aatt 2211。。--4400。。-- bbeeffoorree aanndd aafftteerr OOKKCCEE
Before the exercise of measurement the error degree

at 21。-40。was 3.25±1.56 and after the exercise sig-
nificant decrease of the error degree showed 2.13±
1.10 significantly(p<.05)(Table 8)(Fig. 9).

CCoommppaarriissoonn aatt 4411。。--6600。。-- bbeeffoorree aanndd aafftteerr OOKKCCEE
Before the exercise of measurement the error degree

at 41。-60。was 4.27±3.01 and after the exercise sig-
nificant decrease of the error degree showed 2.37±
0.95 signiticantly(p<.05)(Table 9)(Fig.10).

FFiigg.. 77.. The comparison of before and after on knee
position sense(41。-60。)

FFiigg.. 88.. The comparison of before and after on
knee position sense(0。-20。)

FFiigg.. 99.. The comparison of before and after on knee
position sense(21。-40。)

TTaabbllee 66.. The summary of before and after the
measure on knee position sense(41。-60。)

Error degree
before

after

4.17±1.94

2.22±1.07
.000***

Mean±SD p

TTaabbllee 77.. The summary of before and after the
measure on the knee position sense(0。-20。)

Error degree
before

after

3.50±1.38

2.70±1.25
.009**

Mean±SD p

TTaabbllee 88.. The summary of before and after the
measure on the knee position sense(21。-40。)

Error degree
before

after

3.25±1.56

2.13±1.10
.031*

Mean±SD p

TTaabbllee 99.. The summary of before and after the
measure on the knee position sense(41。-60。)

Error degree
before

after

4.27±3.01

2.37±0.95
.009**

Mean±SD p
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CCoommppaarriissoonnss aatt 00。。--2200。。bbeettwweeeenn CCKKCCEE aanndd OOKKCCEE
Measurement of the error degree at 0。-20。for the

closed chain exercise was 2.36±1.90 and that of
showing insignificant differences the error degree in
open chain exercise was 1.61±1.51(Table 10)(Fig.11).

CCoommppaarriissoonnss aatt 2211。。--4400。。bbeettwweeeenn CCKKCCEE aanndd OOKKCCEE 
Measurement of the error degree at 21。-40。for

the closed chain exercise was 1.80±2.05 and that
of showing insignificant differences in error
degree open chain exercise was 1.43±1.56(Table
11)(Fig. 12).

CCoommppaarriissoonnss aatt 4411。。--6600。。bbeettwweeeenn CCKKCCEE aanndd OOKKCCEE
Measurement of the error degree at 41。-60。for

the closed chain exercise was 3.73±3.20 and that
of showing insignificant differences the error
degree in open chain exercise was 2.07±2.26(Table
12)(Fig. 13).

FFiigg.. 1100.. The comparison of before and after on knee
position sense(41。-60。)

FFiigg.. 1111.. The comparisons of before and after the
measure on the knee position sense(0。-20。)
between the two groups

FFiigg.. 1122.. The comparisons of before and after the
measure on the knee position sense(21。-40。)
between the two groups

TTaabbllee 1100.. The summary of before and after the
measure on the knee position sense(0。-20。)
between the two groups

Difference
CKCE

OKCE

2.36±1.90

1.61±1.51
.240

Mean±SD p

TTaabbllee 1111.. The summary of before and after the
measure between the two groups on knee position
sense(21。-40。)

Difference
open

closed

1.80±2.05

1.43±1.56
.587

Mean±SD p

TTaabbllee 1122.. The summary of before and after the
measure between the two groups on the knee posi-
tion sense(41。-60。)

Difference
closed

open

3.73±3.20

2.07±2.26
.113

Mean±SD p
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Human postural responses involve the number of
complex mechanics. They include feedforward mech-
anism to minimize postural sway before voluntary
movement occurs and feedback mechanism actually
to manage the postural sway after receiving signals
from peripheral receptor. Feedback initiated in the
sensory system, is the first agency of attitude strat-
egy, which also determines attitude, heading and
stability. The feedback mechanism is made up of
vestibular system, visual system, and sensory
somatic nervous system. 
The vestibular system detects both acceleration and

deceleration force applied on the head. The visual
system manages body's various defence mechanisms
against surroundings. The sensory somatic nervous
system transmits signals collected data from mus-
cles, mechanoreceptor, skin and pressure sense in
central nervous system(22). Considering the contri-
bution factors of these sensory systems to the
human postural responses, it is understand that pro-
prioceptive sense plays a key role in the body pos-
tural responses visual system 22%, vestibular system
20%, proprioceptive sense 58%(4).
The ability of proprioceptive sense will deteriorate

because of damage occuring with soft tissues or
joints. They suggest that excessive work caused mal-
function or weakened sense of properioception(23).
Furthermore, reports that muscle fatigue produced
under Maximum Voluntary Contraction(MVC) states
affected by properioceptor at the highest(24). 
For the sake of safety of participated subject, this

experiment used the Holten's method to determine
correct exercise while endeavouring to attain accu-
rate test results. Bout reports that simple and repet-
itive exercises are the best in order to produce accu-
rate data for position sense observation(25). Based on
his suggestion, complex joint exercises that most
likely generates high margin of error were avoided in
this experiment to produce reliable data.
The resistance of CKCE are produced when both

distal and proximal parts are used as it involve more
than one joint. On the other hand, OKCE involves a
single joint meaning that it remains only fixed prox-
imal part during work out while distal part moves
freely. Wee observed changes in muscle activity and
muscle fatigue during a subject's push-up and bench
press exercise(26). Park observed changes in quadri-
ceps femoris muscle activity during a subject's
CKCE(eg. ball squat and step up/down)(27).
This experiment adopted a Shuttle 2000-1(Shuttle

System, USA) as CKCE equipment and knee extensor
(HUR, Finland) as an OKCE. Furthermore, Oddvar
Holten's resistance maximum calculation method was
used to increase objectivity of the experiment.
There have been numerous efforts to examine the

effect of CKCE and OKCE on patients in terms of
improving their propriceptic sense. Barrett reports
that anterior cruciate ligament injury patients saw
positive results after the physiotherapy exercises(27). 
The difference between the researcher's work and
this experiment was the time line. While the preced-
ing analysis focused on data from patients during
the long term(3 to 6 months) reconstruction pro-
gram, this experiment concentrated its efforts on
data from ordinary people with no physical injuries,
which helped observation easier than the previous
studies.
However, just as the previous research, this experi-

ment has successfully carried out in accomplishing
insignificant margin of error(p<.05) during the
process. In other words, the experiment has estab-
lished the fact that the CKCE and OKCE  have done
a positive effect on enhancing position sense of pro-
prioceptor even for ordinary people. Although a few
effort was made to observe differences of statistical
facts on position sense response before and after
work out, this experiment has produced the result
that CKCE have done a job better than OKCE based
on improving the strength of position sense and
decreasing the position sense margin of error.
Although this experiment is produced by previous

mentioned limitations, it exertive to increase objectivity
by applying same exercise during the observation
for measured various angles to avoid learning effect

FFiigg.. 1133.. The comparisons of before and after the
measure between the two groups on the knee posi-
tion sense(41。-60。)

DISCUSSION
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on the part of subjects and resting phases placed
during experiments to maintain proprioceptic sense
and to avoid muscle fatigue. A lot of  experiments
should follow observe the effect on longer period of
experiment.
This experiment concludes that CKCE have proven

to be more effective working out multiple joints in
connection with strengthening proprioceptic sense.
Therefore, both ordinary people and patients should
seriously consider the exercise to maintain their
health. The ill patients will benefit from the exercis-
es; osteoporosis, rheumatoid arthritis and muscu-
loskeletal system. Also, the exercises will prove to be
especially effective for athletes undergoing rehabili-
tation program.

The purpose of this study was to investigate the
effects of CKCE and OKCE to strengthen knee joint
function on knee position sense in normal adults. A
total of 30 normal young adults participated in this
study. The results of this study were as follows.

1. There were statistically significant decrease of
measuring error degree in all ranges of 0。-20。, 21。-
40。and 41。-60。were found between before and
after training in CKCE(p<.05).

2. There were statistically significant decrease of
measuring error degree in all ranges of 0。-20。, 21。-
40。and 41。-60。were found between before and
after training in OKCE(p<.05).

3. When compared the difference of the error degree
at the range of 0。-20。for CKCE and OKCE, it was
showed more decrease 0.75 in the CKCE. There were
not statistically significant results.

4. When compared the difference of the error degree
at the range of 21。-40。for CKCE and OKCE, it was
showed more decrease 0.37 in the CKCE. There were
not statistically significant results.

5. When compared the difference of the error degree
at the range of 41。-60。for CKCE and OKCE, it was
showed more decrease 1.66 in the CKCE. There were
not statistically significant.

In conclusion, these results suggest that closed and
open kinetic chain exercise between before and after

training have increased in knee joint proprioception.
Especially, closed kinetic chain exercise was more
useful intervention which could improve propriocep-
tion more than open kinetic chain exercise.

CONCLUSION
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