
The Effect of Open and Closed Kinetic Chain  
Exercises on Dynamic Balance Ability of Normal 
Healthy Adults

Yoo Jung Kwon, PT, MS1), Soo Jin ParK, PT, PhD1), John JefferSon, PT, PhD2),  
KYoung Kim, PT, PhD1)*

1) Department of Physical Therapy, Daegu University: 15 Naeri-ri, Jinlyang, Gyeongsan-si,  
Kyeongsangbuk-do, Republic of Korea. TEL: +82 53-850-4351, FAX: +82 53-850-4351

2) Department of Physical Therapy, University of South Alabama

Abstract. [Purpose] This study investigated the effect of open and closed kinetic chain exercise on the dynamic 
balance ability of healthy young adults. [Subjects] Thirty-three healthy adults participated in this study. [Methods] 
Subjects were randomly assigned to either an open kinetic chain exercise group (n=17) or a closed kinetic chain 
exercise group (n=16). Both the open kinetic chain and closed kinetic chain exercise groups performed 3 sets of 
exercises 3 times per week for 6 weeks. Dynamic balance was measured at the beginning and end of the 6-week 
training period, including anterior-posterior, medial-lateral, and total displacement of the center of pressure. [Re-
sults] Both exercise groups showed improvement in balance parameters but the improvement was only statistically 
significant in the closed kinetic chain group. [Conclusion] Closed kinetic chain exercise appears to be more effective 
at improving of dynamic balance ability than open kinetic chain exercise within a 6-week training period.
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INTRODUCTION

The ability to maintain balance, one of the important 
factors in performing everyday activities, is derived from 
complex interactions among the nervous system, muscula-
ture, and skeletal system1). Maintenance of balance requires 
visual, proprioceptive, and vestibular feedback in order to 
respond to the changing environment with appropriate bal-
ance strategies2). Biomechanically, balance control is the 
ability to control the center of gravity of the body in both 
static and dynamic environments. Balance control secures 
postural stability by controlling the musculoskeletal system 
against gravity both at rest and when the body center of 
gravity is being moved3). Thus, balance control is an impor-
tant component in the rehabilitation of many neuromuscular 
disorders4).

Rehabilitation of balance can target static or dynamic 
balance. Dynamic balance is the ability to maintain balance 
while the body is moving by keeping its center of gravity 
over the base of support5). When a moving body stops and 
begins to move again, maintaining this equilibrium requires 
selective contraction and relaxation of various muscles to 
control the position of the center of gravity over the moving 
base of support6).

Important parameters of balance performance include 
range of motion, muscle strength, somatosensory function, 
and the size and quality of the base of support6). Muscles 

can be strengthened through resistance training, which can 
be divided into open kinetic chain (OKC) and closed kinetic 
chain (CKC) exercises7). Open kinetic chain exercise occurs 
when the movement allows the distal part of the limb to 
move freely while the proximal part is fixed. OKC exer-
cise plays an important role in isolating individual muscle 
groups. It tends to generate more distraction and rotational 
forces and is often used with concentric muscle contrac-
tion8). Closed kinetic chain exercise is a movement wherein 
the distal part is fixed, as when the sole of the foot makes 
contact with the ground or the exercise equipment. With 
the distal part fixed, movement at any one joint in the ki-
netic chain requires motion as well at the other joints in the 
kinetic chain. Thus both proximal and distal parts receive 
resistance training at the same time. In the case of the lower 
limb, CKC exercises are more functional, as weight bearing 
is, by definition, a closed kinetic chain activity of the lower 
limb. CKC exercise has been cited as producing superior 
eccentric contraction and co-contraction of muscles, as well 
as reducing shear forces while adding compressive forces to 
the joints, thereby enhancing joint stability9). Several stud-
ies have investigated the effects of muscle strengthening us-
ing OKC and CKC exercise programs7–10), but few studies 
have examined which exercise program would be helpful 
for improving dynamic balance performance. Therefore, 
the purpose of this study was to investigate the effect of 
OKC and CKC exercises on the dynamic balance perfor-
mance of normal healthy adults.
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SUBJECTS AND METHODS

This study selected 33 college healthy students who had 
no cardiovascular, neurologic or orthopedic diseases, or 
problems with balance due to vestibular or visual impair-
ment. They were healthy functional adults who did not reg-
ularly exercise. Subjects were randomly allocated to either 
an OKC or CKC exercise group, and each group performed 
the prescribed exercises three times a week for six weeks. 
A description of the purpose and methods of the study was 
provided to all the participants, and the experiments were 
conducted after the participants had read and signed an in-
formed consent form. Subject characteristics are summa-
rized in Table 1. The independent t-test was used to com-
pare demographic variables (age, height and weight) and 
pre-balance measures of center of gravity displacement. 
There were no significant differences between demographic 
variables or pre-exercise balance abilities of the two groups.

Subjects were asked to perform repetitive exercise using 
open and closed kinetic chain exercise equipment. For OKC 
exercise, subjects sat on a knee extensor machine (HUR, 
Finland) and extended their knees starting from 90 degrees 
of knee flexion. For CKC exercise, subjects used the Shuttle 
2000-1 (Contemporary Design Company, USA), extending 
their knee by pushing on the foot stand of the device from 
90 degrees knee flexion. A resistance level of 80% of 1RM 
was used by both groups, as described by Holten11). Three 
sets of ten repetitions were performed in each exercise ses-
sion and the sessions were conducted three times a week for 
six weeks. The exercise was halted if the therapist observed 
subject fatigue, pain, or decrease in coordination ability. To 
minimize muscle fatigue, there were two-minute breaks 
between sets12). The HUR knee extensor uses pneumatic 
air resistance while the Shuttle 2000-1 uses variable elas-
tic resistance as well as body weight; thus, quantifying and 
comparing the resistance levels between of the devices was 
not feasible. By using a resistance level of 80% RM for each 
device, comparable levels of resistance could be maintained 
for both exercise groups.

This study used the Good Balance System (GBS) 
Ver.3.06 (METITUR, USA) to assess subjects’ ability to 
control dynamic balance following open or closed kinetic 
chain exercise. The GBS uses a diagonal force platform to 
convert shifts in weight to digital data to obtain a quantita-

tive assessment of maintenance of balance. The GBS mea-
sures anterior-posterior (AP), medial-lateral (ML) and total 
displacement (TD) of the center of gravity over time. Sub-
jects were asked to step forward diagonally to the right and 
back and then to step forward to the left and back to a mark-
er on the force platform and the amount of sway from the 
target was recorded. Balance was measured before and after 
the six-week exercise period. Data analysis was performed 
using SPSS 12.0 for Windows. The paired t-test was used to 
measure the change in balance within each group between 
pre-and post-training sessions, with a level of significance 
of 0.05. Estimated reliability coefficients for the GBS vari-
ables have been reported by Ceria-Ulep et al.13) as ranging 
from 0.22 to 0.73, but these measures were recorded during 
15 to 30 seconds of static balance. There are no reports of 
the reliability of the GBS for dynamic balance.

RESULTS

Table 2 shows the mean changes in anterior-posterior, 
medial-lateral and total displacement of COP of both ex-
ercise groups at pre- and post-training. All mean displace-
ment values decreased in both groups, demonstrating 
improvement in dynamic balance ability, but in the OKC 
group the change was not statistically significant for any 
measure, while in the CKC group the change in displace-
ment was statistically significant for all three measures. 
As seen in Table 2, the pre-exercise balance scores of the 
CKC group were all poorer than those of the OKE group. 
Although the mean scores were not statistically different 
at baseline, this raises that question as to whether the CKC 
group had more room for improvement, as they had some-
what poorer balance to start with. This possibility could be 
addressed with a larger sample size. However, the present 
data shows that not only was the change in balance greater 
in the CKC group, but also the final balance scores were all 
lower in the CKC group. This means that the CKC group, 
on average, started off with poorer balance than the OKC 
group, but finished with better balance than the OKC group, 
which is suggestive of a true treatment effect.

Table 1.  Baseline characteristics of subjects

Group 
Variable

OKC group 
(n=17)

CKC group 
(n=16)

Age (year) 23.1±0.7 22.0±0.6
Height (cm) 159.1±33.4 164.8±7.7
Weight (kg) 60.1±11.3 56.2±7.8
APD (mm) 688.6±146.0 748.2±188.8
MLD (mm) 578.2±165.7 635.1±196.7
TD (mm) 1005.8±220.4 1093.3±299.9

Values are expressed as mean ± SD, * p<0.05
OKC: Open kinetic chain; CKC: Closed kinetic chain; APD: 
Anterior-posterior displacement; MLD: Medial-lateral displace-
ment; TD: Total displacement

Table 2.  Mean COP displacement in the open- and closed-kinet-
ic chain exercise groups

 OKC CKC
 Before  

Training
After  

Training
Before 

Training
After  

Training
APD (mm) 
(±SD)

688.5 
(±146.0)

 646.5 
(±133.2)

748.2 
(±188.8)

 641.6* 
(±99.3)

MLD (mm) 
(±SD)

578.1 
(±165.7)

 527.1 
(±134.5)

635.1 
(±196.7)

 508.9* 
(±72.3)

TD (mm) 
(±SD)

1005.2 
(±220.4)

 943.4 
(±186.5)

1093.3 
(±299.9)

 914.9* 
(±124.1)

Values are expressed as mean ± SD, * p<0.05
OKC: Open kinetic chain; CKC: Closed kinetic chain; APD: 
Anterior-posterior displacement; MLD: Medial-lateral displace-
ment; TD: Total displacement
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DISCUSSION

Muscle strength decreases if there are lesions in the mus-
cular tissues or their nerves, lesions in the joints controlled 
by the muscles, or as a person ages. In addition, if muscle 
activity is not performed for a long time, muscle strength 
decreases through muscular atrophy. When muscle activi-
ties are consistently increased through resistance exercise, 
muscle strength gradually increases14, 15). Although the 
present study population did not have any disorders that 
would have affected muscle strength, they were not regular 
exercisers and therefore had the potential for strength gains 
within a relatively short time period.

To maintain balance of the human body, several systems 
interact with each other. To maintain the center of gravity 
over the base of support, the body combines input acquired 
through vision, somesthesia, and vestibular senses and con-
trols movement through synchronized muscle contraction 
based on that information. The body reacts to new positions 
based on changes in the base of support to maintain bal-
ance2–4). Various exercises such as aerobic exercise, open 
and closed kinetic chain exercise, and Tai Chi exercise have 
been used to improve balance16–18).

This study investigated whether open and closed kinetic 
chain exercises improve dynamic balance ability in healthy 
adults who had no exercise habit. The anterior-posterior, 
medial-lateral, and total displacements of center of pres-
sure, representive of dynamic balance ability, were signifi-
cantly reduced in the CKC group at post-test, whereas no 
significant differences were found in the OKC group. The 
OKC exercise was isolated to the knee extensors, while the 
CKC exercise involved hip, knee and ankle muscles. CKC 
exercise, by virtue of being weight bearing, also involves 
more joint compression. Thus, both the neuromuscular ac-
tivation of multiple muscle groups and the proprioceptive 
feedback from the sole of the foot and the lower extrem-
ity joints during CKC exercise is closer to that required in 
weight bearing balance.

Improvement in balance can be achieved by either 
strength gains or improved motor control (or both). Strength 
was not measured before or after training, so it is not known 
how much of the improvement in balance was derived from 
strength gains. However, the CKC exercises performed in 
this study were done while on a seated apparatus, as op-
posed to performing CKC exercises while weight bearing, 
as in squats. Therefore any motor control training that did 
occur was not the result of targeting balance mechanisms, 
as the vestibular and visual systems were not challenged 
during seated CKC training. However, the CKC training 
did involve more coordination and co-contraction of anti-
gravity muscles. Therefore the benefits of CKC exercises 
may have accrued from a combination of more muscles 
being strengthened and those muscles being trained to co-
contract together.

Because both exercise devices strengthened muscles that 
act primarily in the sagittal plane (knee and hip extensors) 
the balance parameter that would be expected to show the 
greatest improvement from strength gains is the anterior-
posterior displacement. However, medial-lateral balance 

(and total balance) measures improved even more than the 
anterior-posterior measure, suggesting a training effect that 
goes beyond simply muscle strengthening.

Only one other study has examined the effect of CKC ex-
ercises on balance. Dannelly et al.7) examined balance per-
formance in the Star Excursion Balance Test (SEBT) before 
and after performance of CKC and OKC exercises. They 
found that following 13 weeks of resistance training, both 
strength training methods resulted in a significant improve-
ment in left leg balance in the posteromedial direction and 
marginally significant improvements in right leg balance in 
the posteromedial direction; however, there were no signifi-
cant changes in balance in the anterior direction in either 
leg. The SEBT used in their study focuses on the ability to 
reach while standing on one leg, while the present study 
measured displacement of center of pressure without reach-
ing. Danelly et al.7) also used different exercise equipment 
and a different training period and examined only women. 
The difference in exercise equipment is of particular impor-
tance. The device used by Dannelly et al.7) for CKC exer-
cise was a type of sling suspension that provides resistance 
to push-ups and pull-ups while being suspended above the 
ground. This would recruit muscles in a completely differ-
ent fashion from CKC exercises that give resistance through 
the sole of the foot, which should better mimic weight bear-
ing muscle recruitment during balance.

In previous studies, lower body CKC training has been 
shown to be more effective than OKC training for improv-
ing vertical jump performance19, 20), and CKC training has 
generated muscular co-contraction, resulting in greater 
joint stability17, 21). These findings agree with the results of 
present study, because CKC exercise would develop better 
joint coupling at the hip and knee than OKC exercise focus-
ing on knee extension alone.

In conclusion, CKC exercise for 6 weeks significantly 
improved dynamic balance of healthy adults, while OKC 
exercise produced a positive, but not significant improve-
ment. Limitations of this study include a small sample size, 
and the lack of strength measurement of subjects’ ankles, 
knees, and hips. Future studies should employ larger sam-
ple sizes, and compare the effect of open and closed kinetic 
chain strengthening exercises on dynamic balance of pa-
tients with ankle instability or knee or hip osteoarthritis.

REFERENCES

1) Horak FB: Postural orientation and equilibrium: what do we need to know 
about control of balance to prevent falls? Age Ageing, 2006, 35: ii7–ii11. 
[Medline]  [CrossRef]

2) Bennell KL, Hinman RS, Metcalf BR, et al.: Relationship of knee joint 
proprioception to pain and disability in individuals with knee osteoarthri-
tis. J Orthop Res, 2003, 21: 792–797. [Medline]  [CrossRef]

3) Shummway-Cook A, Woollacott MH: Motor Control: Theory and Practice 
Application. 2nd ed. Philadelphia, LW & W, 2001, 163–191.

4) Woollacott MH, Tang PF: Balance control during walking in the older 
adult: research and its implication. Phys Ther, 1997, 77: 646–660. [Med-
line]

5) Raymakers JA, Samson MM, Verhaar HJ: The assessment of body sway 
and the choice of stability parameters. Gait Posture, 2005, 21: 48–58. 
[Medline]  [CrossRef]

6) Fransson P, Johansson R, Hafstrom A, et al.: Methods for evaluation of 
postural control adaptation. Gait Posture, 2000, 12: 14–24. [Medline]  
[CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/16926210?dopt=Abstract
http://dx.doi.org/10.1093/ageing/afl077
http://www.ncbi.nlm.nih.gov/pubmed/12919865?dopt=Abstract
http://dx.doi.org/10.1016/S0736-0266(03)00054-8
http://www.ncbi.nlm.nih.gov/pubmed/9184689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9184689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15536033?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2003.11.006
http://www.ncbi.nlm.nih.gov/pubmed/10996293?dopt=Abstract
http://dx.doi.org/10.1016/S0966-6362(00)00052-7


J. Phys. Ther. Sci. Vol. 25, No. 6, 2013674

7) Dannelly BD, Otey SC, Croy T, et al.: The effectiveness of traditional and 
sling exercise strength training in women. J Strength Cond Res, 2011, 25: 
464–471. [Medline]  [CrossRef]

8) Augustsson J, Thomeé R: Ability of closed and open kinetic chain tests 
of muscular strength to assess functional performance. Scand J Med Sci 
Sports, 2000, 10: 164–168. [Medline]  [CrossRef]

9) Balci P, Tunay VB, Baltaci G, et al.: The effects of two different closed 
kinetic chain exercises on muscle strength and proprioception in patients 
with patellofemoral pain syndrome. Acta Orthop Traumatol Turc, 2009, 
43: 419–425. [Medline]  [CrossRef]

10) Pincivero DM, Lephart SM, Karunakara RG: Relation between open and 
closed kinematic chain assessment of knee strength and functional perfor-
mance. Clin J Sport Med, 1997, 7: 11–16. [Medline]  [CrossRef]

11) Oostdam N, van Poppel MN, Eekhoff EM, et al.: Design of FitFor2 study: 
the effects of an exercise program on insulin sensitivity and plasma glu-
cose levels in pregnant women at high risk for gestational diabetes. BMC 
Pregnancy Childbirth, 2009, 9: 1–9. [Medline]  [CrossRef]

12) Kuruganti U, Parker P, Richards J, et al.: Strength and muscle coactivation 
in older adults after lower limb strength training. Int J Ind Ergon, 2006, 36: 
761–766.  [CrossRef]

13) Ceria-Ulep CD, Grove J, Chen R, et al.: Physical Aspects of Healthy Ag-
ing: Assessments of Three Measures of Balance for Studies in Middle-
Aged and Older Adults. Curr Gerontol Geriatr Res. 2010, 2010: 1–8.

14) Prince WE: Rehabilitation technique in sports medicine. 3rd ed. USA: 
McGraw-Hill, 1999, pp170–187.

15) Iwasaki T, Shiba N, Matsuse H, et al.: Improvement in knee extension 
strength through training by means of combined electrical stimulation 
and voluntary muscle contraction. Tohoku J Exp Med, 2006, 209: 33–40. 
[Medline]  [CrossRef]

16) Sauvage LR Jr, Myklebust BM, Crow-Pan J, et al.: A clinical trial of 
strengthening and aerobic exercise to improve gait and balance in elderly 
male nursing home residents. Am J Phys Med Rehabil, 1992, 71: 333–342. 
[Medline]  [CrossRef]

17) Heller BM, Pincivero DM: The effects of ACL injury on lower extremity 
activation during closed kinetic chain exercise. J Sports Med Phys Fitness, 
2003, 43: 180–188. [Medline]

18) Lin MR, Hwang HF, Wang YW, et al.: Community-based tai chi and its 
effect on injurious falls, balance, gait, and fear of falling in older people. 
Phys Ther, 2006, 86: 1189–1201. [Medline]  [CrossRef]

19) Blackburn JR, Morrissey MC: The relationship between open and closed 
kinetic chain strength of the lower limb and jumping performance. J Or-
thop Sports Phys Ther, 1998, 27: 430–435. [Medline]

20) Augustsson J, Esko A, Thomee R, et al.: Weight training of the thigh mus-
cles using closed vs. open kinetic chain exercises: a comparison of perfor-
mance enhancement. J Orthop Sports Phys Ther, 1998, 27: 3–8. [Medline]

21) Wilk KE, Escamilla RF, Fleisig GS, et al.: A comparison of tibiofemoral 
joint forces and electromyographic activity during open and closed kinetic 
chain exercises. Am J Sports Med, 1996, 24: 518–527. [Medline]  [Cross-
Ref]

http://www.ncbi.nlm.nih.gov/pubmed/21217529?dopt=Abstract
http://dx.doi.org/10.1519/JSC.0b013e318202e473
http://www.ncbi.nlm.nih.gov/pubmed/10843510?dopt=Abstract
http://dx.doi.org/10.1034/j.1600-0838.2000.010003164.x
http://www.ncbi.nlm.nih.gov/pubmed/19881323?dopt=Abstract
http://dx.doi.org/10.3944/AOTT.2009.419
http://www.ncbi.nlm.nih.gov/pubmed/9117519?dopt=Abstract
http://dx.doi.org/10.1097/00042752-199701000-00003
http://www.ncbi.nlm.nih.gov/pubmed/19123930?dopt=Abstract
http://dx.doi.org/10.1186/1471-2393-9-1
http://dx.doi.org/10.1016/j.ergon.2006.05.006
http://www.ncbi.nlm.nih.gov/pubmed/16636520?dopt=Abstract
http://dx.doi.org/10.1620/tjem.209.33
http://www.ncbi.nlm.nih.gov/pubmed/1466871?dopt=Abstract
http://dx.doi.org/10.1097/00002060-199212000-00005
http://www.ncbi.nlm.nih.gov/pubmed/12853899?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16959668?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20040408
http://www.ncbi.nlm.nih.gov/pubmed/9617729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9440034?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8827313?dopt=Abstract
http://dx.doi.org/10.1177/036354659602400418
http://dx.doi.org/10.1177/036354659602400418

