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ORIGINAL ARTICLE

Effects of closed and open kinetic chain exercises on pain, muscle
strength, function, and quality of life in patients with knee osteoarthritis
Anil Oziidogru™* ®, Nihal Gelecek?

SUMMARY

OBJECTIVE: Therapeutic exercises are well documented for the treatment of osteoarthritis; there is less evidence on what the effect of closed kinetic
chain exercises is for knee osteoarthritis. The aim of this study was to investigate the effects of open kinetic chain exercises and closed kinetic chain
exercises on pain, muscle strength, functional status, and quality of life in patients with knee osteoarthritis.

METHODS: The study included a total of 60 patients with primary unilateral knee osteoarthritis grade | and Il. The patients were categorized into
three groups as open kinetic chain exercises (n=20), closed kinetic chain exercises (n=20), and control group (n=20). The outcome measures, including
pain, isokinetic muscle strength, functional status, and quality of life, were collected at baseline and at the end of 6 and 12 weeks.

RESULTS: Closed kinetic chain exercises and open kinetic chain exercises had significant improvement in pain, muscle strength, WOMAC, and SF-36
scores after the treatment and at their 6th and 12th week follow-ups compared to their baseline values and compared to the control group (p<0.05).
CONCLUSION: The changes in all outcome measures were similar between closed kinetic chain exercises and open kinetic chain exercises (p>0.05).
Closed kinetic chain exercises and open kinetic chain exercises were similar for knee osteoarthritis grade | and Il. Closed kinetic chain exercises could

be safely added to the exercise programs of patients with low-grade knee osteoarthritis.
KEYWORDS: Knee osteoarthritis. Weight bearing exercise program. Joint pain. Muscle strength. Functional status.

INTRODUCTION

Knee osteoarthritis (OA) is an important and painful health
problem as it leads to functional disability and reduced quality
of life (QoL)'. Furthermore, knee OA is a significant cause of
disability and accounts for 3% of all disability causes®. As OA
leads to disability and consequent labor and economic loss?, its
treatment is of great importance. Studies have shown that knee
OA is characterized by inadequacy and pain associated with
decreased quadriceps muscle strength. Strengthening training
and has been shown to have positive effects on OA®. OA treat-
ment is classified under three headings as follows: pharmaco-
logical methods, non-pharmacological methods, and surgical
methods®. There are several studies showing the effectiveness
of exercise training as a non-pharmacological method’ as it is
an easy and low-cost method that can be done for a long time.
Exercise training is more effective than other treatment meth-
ods in terms of increasing the physical activity level of patients
and enhancing physiological improvements such as increased
muscle strength, flexibility of soft tissues, and ROM®.

In spite of numerous studies reporting the importance of
different types of exercise in the treatment of knee OA, the

literature on exercise programs with optimal gains for knee OA
has not yet been established”. The focus of knee and hip rehabil-
itation exercises for degenerative diseases has gradually shifted
from open kinetic chain exercises (OKCE) to closed kinetic
chain exercises (CKCE), which are more functional and could
be applied safely and effectively. In addition to increasing mus-
cle strength, CKCE could also facilitate joint position sense®.
Nevertheless, it seems that researchers frequently prefer OKCE
to decrease symptoms of hip or knee OA instead of CKCE’.
It is well known that CKCE increase muscle strength and
improve proprioceptive function by activating more muscle
spindle and joint proprioceptors, consequently preparing the
patient for daily living activities as they simulate some activ-
ities such as walking, climbing stairs, or standing up from a
chair'. In addition, CKCE allow early weight bearing and
mobilization and are usually performed after anterior or pos-
terior cruciate ligament injuries or reconstruction surgeries''.
Some researchers emphasize that CKCE cause axial loading and
consequently increase compressive and destructive stress on
the joint structures particularly on cartilage tissue. Therefore,
the results of studies about the effects of CKCE on OA are
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Kinetic chain exercises in knee osteoarthritis

controversial because some predict that CKCE cannot be eas-
ily tolerated or may increase symptoms in patients with hip or
knee OA. The aim of this study was to investigate the effects
of CKCE on the severity of knee pain and stiffness, isokinetic
muscle strength, WOMAC functional scores, and SF-36 QoL
scores in patients with knee osteoarthritis and compare them

with the effects of OKCE.

METHODS

Participants

This study was carried out with a total of 60 patients with knee
OA grade I and IT according to the Kellgren-Lawrence classifi-
cation. The participants, diagnosed with knee OA according to
the radiographic assessment of their tibiofemoral joints by the
same orthopedist, were randomly assigned to one of the three
groups using an online random allocation software program.

The inclusion criteria were as follows: age between 45
and 75 years, diagnosed with unilateral knee OA grade I or
11, and ongoing pain for at least 3 months. Patients with active
synovitis, those who had participated in physiotherapy, conser-
vative therapy, or regular exercise programs in the last 6 months,
those who had undergone orthopedic surgeries in their knees,
and those who were under medication (pain killers or NSAIDs)
during the study were excluded from the study. Exclusion due
to health problems at 6 and 12 weeks reveals other systemic
health problems not related to exercise.

This study was approved by the Institutional Ethics
Committee for Non-Invasive Human Research (ethical pro-
tocol number 05/2017), and in accordance with the policies
and procedures of the Declaration of Helsinki, each partici-
pant provided verbal and written informed consent after being
informed about the study.

Interventions

The participants were randomly categorized into three groups:
CKCE group (n=20), OKCE group (n=20), and control group
(CG) (n=20). Patients in the CKCE and OKCE groups did
exercises three times per week for a total of 12 weeks (the first 6
weeks under supervision and the second 6 weeks as progressive
home exercise program). During the last 6 weeks, the patients
in the CKCE and OKCE groups visited the physiotherapy
department every 2 weeks for their exercise control and pro-
gression. Patients in the control group were asked to apply the
home program three times per week for 12 weeks. Prepared
by researchers, this program included standard OA exercises
and was handed to the CG patients as printed brochures. As a
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home program, both the OKCE and CKCE groups were used
together with the control group; ankle dorsiflexion/plantar
flexion, active knee extension, hip adduction, heel slide, pel-
vic elevation, and hip adduction. Participants in the control
group were checked for their participation in the exercise pro-
gram via telephone.

CKCE: The patients in this group performed progressive
“sit to stand, mini squat, anterior lunge and three-side step-up”
exercises in a closed-chain position.

OKCE: The patients in this group performed “terminal knee
extension, concentric quadriceps, and four-way straight leg rise”
exercises as hip flexion, extension, abduction, and adduction.
The exercise session lasted an average of 45 min including the

warming and cooling phases.

Outcome measures
Pain severity: Affected knee pain at rest was measured using
visual analog scale (VAS)'~

Isokinetic muscle strength: Although the isokinetic test is
an open kinetic chain measurement, it is the gold standard in
measuring muscle strength in patients with knee osteoarthri-
tis’3. For quadriceps and hamstring muscles, five repeated isoki-
netic muscle strength tests were performed at angular velocities
0f 90°/s, 120°/s, and 180°/s using an isokinetic testing device
(Cybex System 4 Pro).

Functional level: As a valid and commonly used evaluation
index in OA, the WOMAC index was used to evaluate the
functional level of the patients'.

Joint stiffness: The WOMAC index was used to evaluate the
stiffness of the joints.

Quality of life: The Turkish version of the SF-36 was used
to assess the QoL of the patients. This form includes 36 items

and provides 8 dimensional measurements'.

Statistical analyses
Two-way ANOVA (mixed-model, 3 (time)x3 (group), repeated
measures) was used to determine changes in dependent vari-

ables from baseline to posttreatment measurements.

RESULTS

The study was completed with 60 patients. All groups had sim-
ilar demographic and anthropometric characteristics (p>0.05)
and baseline outcome measurements (p>0.05) (Table 1).

Pain severity
For pain intensity, there was a significant effect of time observed
in all groups according to statistical analysis (p<0.05). Post hoc
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analyses revealed a significant difference in change for pain at
rest between baseline values and after 6th and 12th week val-
ues for both intervention groups (p<0.05). But there was no
significant difference between the OKCE and CKCE groups
at 6 and 12 weeks (p>0.05) (Table 2).

Isokinetic knee extension and flexion

muscle strength

Knee extension and flexion muscle strength increased at the 6th
and 12th week evaluations in both kinetic-chain groups. Yet,
there was no change in the control group (p>0.05). For knee
flexion and extension muscles isokinetic strength, there was a
significant effect of time, with all groups showing an increase.
There was also a significant time-group interaction. There was
a significant difference between groups when groups were com-
pared across various time points (p<0.05) (Table 3).

Functional level

For WOMAC scores (pain, stiffness, and physical function),
there was a significant effect of time, with all groups showing a
decrease (lower values indicate improvement). There was also a
significant time-group interaction. There was a significant dif-
ference between groups when the groups were compared across
various time points (p<0.05) (Table 3).

Quality of life

Post-intervention at the 6th and 12th week evaluations, no
difference was found between OKCE and CKCE for pain
severity, muscle strength, WOMAC scores, and SF-36 score

(p>0.05). But there were significant differences between the
control group and intervention groups after the 6th and 12th

week values (p<0.05) (Tables 2 and 3).

DISCUSSION

To conduct this study, 12-week-long CKCE and OKCE protocols
were prepared for the patients with knee osteoarthritis. These two
exercise protocols were investigated in terms of their effects on
pain, isokinetic muscle strength, WOMAC functional scale, and
QoL. The results of this study demonstrated that both protocols
reduced pain and joint stiffness and improved isokinetic knee
muscle strength as well as WOMAC and SF-36 scores after 6
and 12 weeks. In addition, these two types of kinetic-chain exer-
cises were found to have similar effects on all outcome measures.

Pain

Patients in the CKCE and OKCE groups, but not those in the
control group, had a significant decrease in their knee pain by
the end of the 6 and 12 weeks. In this study, the exercises in the
closed kinetic chain position, which were performed with body
weight from the first day, were carried out under a certain plan
for 12 weeks and performed under supervision. Pain intensity in
our patients in the CKCE group decreased in the third month
at a similar rate to the OKCE group patients. The fact that
the results of the CKCE program and the OKCE group were
close suggested that the exercises given were aimed at the lower
extremity, especially the muscles around the knee, and that the

improvements in muscle strength and joint stability were similar.

Table 1. Comparison of groups’ descriptive and demographic characteristics.

Control
(n=20)
X£SD
Age (years) 53.05+£10.88 54.40+7.92 56.10+£12.73 0.667**
Height (cm) 163.00£9.85 162.55+7.04 160.25+12.03 0.641**
Body weight (kg) 79.40+13.35 75.85+13.49 76.40+12.98 0.410**
BMI (kg/m?) 30.054+5.55 28.93+6.27 29.45+6.28 0.854**
n (%) n (%) n (%) p-value
Female 11(55) 10(50) 9(45)
Gender 0.819*
Male 9 (45) 10(50) 11(55)
Left 10 (50) 10 (50) 9(45)
Affected leg 0.935*
Right 10(50) 10(50) 11(55)
Grade | 3(15) 10(50) 8(40)
Radiological assessment 0.057*
Grade Il 17 (85) 10(50) 12 (60)

OKCE: open kinetic chain exercise group; CKCE: closed kinetic chain exercise group; BMI: body mass index; *Chi-square test; **Kruskal-Wallis test; X: mean;

SD: standard deviation.
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Table 2. Two-way mixed model ANOVA post hoc multiple comparison of participants’ pain and muscle strength.

Variable Time frame (n=20)
Baseline 5.31+£0.86 4.87+1.24 5.26+1.13
Pain (VAS) 0-10 6th week 2.07+1.22 2.55+1.61 5.10+1.75 81.075 <0.001* 18.248 <0.001**
12th week 201+1.14 1.76x£1.07 5.08+1.37
Baseline 62.02+14.31 57.59+14.83 63.46+10.94
IS . 6th week 76.57+15.59 69.67+16.56 64.06+11.03 189.817 <0.001* 597.661 <0.001*
Extension (Nm)
12th week 76.79+15.24 70.17+16.39 64.48+11.72
Baseline 51.1948.31 54.65+10.13 51.52+7.95
120 /S. 6th week 59.08+£9.99 61.14+11.19 51.214£8.25 70.693 <0.001* 21.546 <0.001*
Extension (Nm)
12th week 58.34+10.76 60.72+11.75 50.98+8.56
Baseline 36.08+16.02 37.08+13.04 36.83+12.02
180 /S. 6th week 48.24+16.42 46.73+13.95 36.90£11.75 120.811 <0.001* 28.964 <0.001*
Extension (Nm)
12th week 48.47+17.12 47.23+13.86 37.32+12.64
Baseline 46.47+10.60 43.35+12.13 43.64+£11.21
2075 thweek | 5278+1154 | 47.87+1240 | 4249+1137 | 28105 | <0001* | 13522 | <0001
Flexion (Nm)
12th week 51.98411.40 47.79+12.64 42.58+11.52
Baseline 56.67+11.40 53.50£9.39 53.86+8.89
1205 sthweek | 646141290 | 57.83+1006 | 53264916 | 33361 | <0001* | 17.209 | <0.001*
Flexion (Nm)
12th week 63.92+11.54 56.72+10.58 57.62+11.44
Baseline 61.44+13.68 58.82+15.26 57.57+12.66
180./5 6th week 64.24+17.16 60.59+16.86 56.184+13.05 2.080 N.S. 5416 <0.001*
Flexion (Nm)
12th week 64.74+18.00 59.89+17.24 55.21+14.63

*Significant difference; CG: control group; N.S.: not significant; “significant difference with the control group; *Significant difference between OKCE and CKCE.

Muscle strength

There are several studies in the literature about progressive resis-
tive exercises and muscle strength in knee OA, due to the fact
that knee extensor and flexor muscle weakness increases the risk
of knee osteoarthritis'®. Although it is well known that CKCE
and OKCE are both effective in improving quadriceps muscle
strength in knee OA, there is no consensus regarding the com-
parative effectiveness of these two types of kinetic-chain exer-
cises'. The effects on muscle strength can differ among studies
depending on the duration, intensity, or number of sets of the
exercises. In some studies, it has been shown that both types of
exercises have similar efficacy; the others, however, report that
CKCE has superior effects on muscle strength as it improves
electromyographic activities on muscle fibers, particularly type
IIB, and it also has large neural adaptive responses'®". In con-
trast, there are a small number of studies about CKCE and knee
or hip OA and research focusing on the effectiveness of CKCE in
ligamentous injuries of the knee, particularly in young patients
with ACL injuries or after reconstruction and patellofemoral

4

pain syndromes®**. Additionally, unlike CKCE, OKCE and
combined exercises (OKCE and CKCE) have been well docu-
mented to improve quadriceps muscle strength in knee OAY.
Similar to the results of our study, Olagbegi et al. reported that
OKCE, CKCE, and combined exercises are similarly effective
in improving quadriceps muscle strength in grade IT knee OA.

In this study, 12-week-long OKCE and CKCE progres-
sive exercise programs were planned for each patient with OA.
Particular attention was paid to activate same muscle groups
to keep the two exercise programs homogenous. As a result
of the study, in the OKCE and CKCE groups, significant
increases in muscle strength were observed in both knee flex-
ors (hamstring muscles) and knee extensors (quadriceps mus-
cles) compared to the control group. However, comparing the
effects of OKCE and CKCE showed that the increase in mus-
cle strength was similar at all angular velocities. Our patients
with knee OA grade I and II could benefit from participation
in exercise programs because their pain severity was moderate
and not too high. These 12-week-long regular and supervised
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Table 3. Two-way mixed model ANOVA post hoc multiple comparison of participants’ physical function and quality of life scores.

Control
Variable Time frame (n=20)
MeantSD
Baseline 9.70+4.15 8.90+4.27 10.15+3.66
WOMAC Pain 6th week 6.65+3.66 5.8045.27 10.80+4.26 27.984 | <0001* | 10519 | <0.001*
12th week 6.65+4.35 6.0045.43 10.30+4.49
Baseline 3.95+1.35 4154108 3.90+1.11
WOMAC . .
it 6th week 2304108 250+1.31 3.85+1.42 51510 | <0001 12275 | <0.001*
12th week 2354138 2554127 3.90+1.88
Baseline 33204932 | 335541031 | 32.90+8.76
WONLNG 6th week 23.65+9.61 24.05+9.94 32604842 | 115030 | <0001* | 24471 | <0001*
Physical function
12th week 230049.59 | 24.15+10.58 | 32.65+8.59
Baseline 44.00+4.75 44.30+4.56 45.25+5.25
SF-36 Physical N o
o 6th week 527541141 | 548041257 | 44.50+9.58 13639 | <0001 5377 | <0001
Functioning
12thweek | 520041481 | 550541571 | 4325+11.72
i + + +
oF 36 Role Baseline 115041136 | 160041142 | 13.0049.23
Limitations 6th week 2600£9.94 | 225041118 | 14.00+10.46 56.00 <0001* | 11400 | <0.033*
pmysie) 12thweek | 280041005 | 240041273 | 135041225
Baseline 30.75+16.74 | 30251376 | 31.12417.61
SF-36 Pain 6th week 495042575 | 4900£19.62 | 300542004 | 14057 | <0.001* 4313 | <0003*
12thweek | 482542384 | 49.62427.91 | 29.25+21.38
i + + +
SF 36 Conorl Baseline 535042248 | 51.75422.95 | 51.75+19.68
Health 6th week 712542025 | 692542123 | 510042065 | 54891 | <0001* | 14932 | <0001*
FemEplie 12thweek | 707542014 | 6875+22.64 | 51.00£22.10
Baseline 564041335 | 5880+1311 | 59.00+15.94
SHFe'jthe”ta' 6th week 73.2049.97 69.40+9.20 59.20+6.43 10211 | <0001* 3310 | <0.001*
12thweek | 688041150 | 622041476 | 58.80+7.00

*Significant difference; CG: control group; *significant difference with the control group.

exercise programs led to favorable physiological responses?*¢

and created positive changes on both neural, cellular, and hor-

monal elements, causing a similar increase in muscle strength.

Functional level

Studies investigating the effects of OKCE and CKCE programs
on functional levels, evaluated using the WOMAC index, have
reported inconsistent results; while the effects of these two
exercise types tend to be similar in some studies, others report
benefits in favor of either of the programs.

Several studies in the literature report that exercise programs
increase functional level in patients with knee OA”?. According
to the results of some studies, CKCE might be slightly more
effective than the other therapeutic exercises and practices, since
the CKCE exercises include weight transfer and are similar to

functional daily activities such as sitting and stair climbing®**%.

5

In this study, OKCE and CKCE had similar effects on the
patients’ functional levels. This may be because one of these pro-
grams was composed of resistive exercises, which—if performed
regularly—can lead to improvements in neuromuscular system
and proprioceptive structures by stimulating mechanorecep-
tors. The other reason can be the fact that OKCE and CKCE
programs can reduce knee extensor limitation and increase
quadriceps muscle strength, which decrease joint stiffness, knee
flexion contracture, or imbalance of the knee muscle strength.

Quality of life

OA plays a dramatic role in decreasing the quality of the patients’
lives as it causes physical, psychological, and social impair-
ments associated with inactivity and pain. Although exercise
programs for knee OA have been reported to improve QoL by
improving variables such as pain, stiffness, joint stability, or

Rev Assoc Med Bras. 2023;69(7):e20230164



Kinetic chain exercises in knee osteoarthritis

the functional status of patients, many studies have not evalu-
ated QoL. The other power of this study was that we did assess
QoL using SF-36 scale, and we wanted to determine whether
CKCE or OKCE could change physical, mental, and social
health parameters or not.

There is no consensus regarding the exercise type that could
improve all parameters of QoL in patients with knee OA.

Each subparameter of the SF-36 questionnaire was assessed
separately within and between groups. Regular and supervised
OKCE and CKCE programs increased the QoL in patients with
knee OA. Both exercise groups improved in the subparameters of

» «

“physical function,” “pain,” “general health perception,” and “mental
health,” but not in the subparameter of “role limitations.” Changes
in the musculoskeletal and neuromuscular system and a decrease
in pain intensity increased the physical capabilities of the patient,

and this may have been reflected in some subparameters of QoL.

Clinical implication of this study

The results of the present study indicated that, similar to OKCE
or combined exercise programs, progressive resistive CKCE
can be safely applied in patients with grade I and II knee OA.
This study also suggests that, similar to OKCE programs, CKCE
programs can also be easily tolerated by the patients. Both types
of kinetic-chain exercise regimes decrease knee pain and stiffness
and improve muscle strength, functional status, and QoL of the
patients. A key strength of the current study was including a
control group that was also evaluated at baseline, 6th week, and
12th week. It helped to clearly demonstrate the pure effects of the
CKCE and OKCE programs by eliminating control group effects.

Limitations and strengths of the study
Patients with knee OA tend to discontinue their exercise pro-

grams particularly when their pain decreases or their daily
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