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Abstract.	 [Purpose] To compare outcomes of anterior cruciate ligament (ACL) reconstruction after open kinetic 
chain (OKC) exercises and closed kinetic chain (CKC) exercises. [Subjects and Methods] The subjects comprised 
11 female and 47 male patients who are randomly divided into two groups: which performed a CKC exercise pro-
gram Group I and Group II which performed an OKC exercise program. Pain intensity was evaluated using visual 
analogue scale (VAS). Knee flexion was evaluated using a universal goniometer, and thigh circumference measure-
ments were taken with a tape measure at baseline and at 3 months and 6 months after the treatment. Lysholm scores 
were used to assess knee function. [Results] There were no significant differences between the two groups at base-
line. Within each group, VAS values and knee flexion were improved after the surgery. These improvements were 
significantly higher in the CKC group than in the OKC group. There were increases in thigh circumference differ-
ence at the 3 and 6 month assessments post-surgery. A greater improvement in the Lysholm score was observed in 
the CKC group at 6 months. [Conclusion] The CKC exercise program was more effective than OKC in improving 
the knee functions of patients with ACL reconstruction.
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INTRODUCTION

Anterior cruciate ligament (ACL) tears are prevalent 
musculoskeletal injuries among physically active individ-
uals and are most frequently seen in the population aged 
15–25 years1, 2). ACL reconstruction is the standard op-
erative method used to prevent the progress of unwanted 
musculoskeletal complications. There are many graft op-
tions, fixation techniques, and postoperative rehabilitation 
programs for the treatment of ACL tears. Arthroscopically 
assisted ACL reconstruction with the use of autograft or al-
lograft tissue is generally preferred in surgery3). Rehabilita-
tion methods constitute an important part of the treatment 
aiming to reduce pain and joint effusion, improve the range 
of motion (ROM) of the knee, and increase quadriceps 

strength following ACL reconstruction4). However, there is 
no consensus on the ideal timeframe and the type of exer-
cises that should be prescribed5).

Data in the literature suggests both open and closed ki-
netic chain (CKC) exercise treatment after ACL reconstruc-
tive surgery. Closed kinetic chain exercises have gained 
popularity over open kinetic chain (OKC) exercises be-
cause many clinicians believe that CKC exercises are more 
reliable and functional6). Supporters of CKC exercise also 
note that it is more effective than OKC exercise at restor-
ing quadriceps femoris muscle strength after ACL recon-
struction surgery. CKC exercises have also been reported 
to exert more strain on the reconstructed ACL and are less 
harmful to the patellofemoral joint7).

The aim of this study was to evaluate OKC and CKC 
exercises, and to report the early and mid-term results of 
patients performing CKC and OKC exercise programs after 
ACL reconstructive.

SUBJECTS AND METHODS

The subjects were 58 patients with unilateral ACL tears 
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who underwent arthroscopically assisted ACL reconstruc-
tion with an autograft of hamstring tendons.

Approval for the study was granted by the Local Ethics 
Committee of Bozok universty and informed consent was 
received from all the study participants. From the initial 
66 consecutive patients admitted to the outpatient clinic, 
58 were randomly allocated into 2 groups by the sealed 
envelope method. Following a detailed physical examina-
tion, a standard evaluation form was completed for each pa-
tient. Demographic information including sex, age, weight, 
height, body mass index, occupation, education level, pain 
intensity and affected side were recorded. Preoperative and 
post-treatment tests were applied for 4 variables of pain in-
tensity, thigh circumference difference, knee flexion, and 
Lysholm score. The presence of ACL tear was confirmed by 
physical examination and magnetic resonance imaging at 
the initial visit. All subjects were required to be older than 
17 years of age and underwent arthroscopically assisted 
ACL reconstruction surgery.

Subjects with a history of other lower extremity pathol-
ogy and trauma, previous surgery of the lower extremity, 
and inflammatory disorders or other rheumatic diseases, 
neurological or psychiatric disorders, other problems re-
lated to either knee, or with a history of drug therapy other 
than analgesics or physiotherapy treatment within the last 3 
months were excluded. Patients were randomly allocated to 
Group I (CKC) or Group II (OKC).

Arthroscopically assisted ACL reconstruction was per-
formed with a double bundle autologous hamstring graft 
using the rigidfix system (The DePuy Mitek RIGIDFIX® 
Cross Pin System) for all the patients with ACL tear by the 
same surgeons (ME, HOA). In Group I, 19 patients had 
also meniscus degeneration − tear (16 medial, 3 lateral). In 
Group II, 17 patients also had meniscus degeneration − tear 
(15 medial and 2 lateral). All meniscial lesions were par-
tially removed.

A Jones bandage, elevation and cold pack were applied 
immediately after the operation. The following rehabilita-
tion programme was followed by both groups. The patients 
were encouraged to stand and bear weight using crutches 24 
hours postoperatively. The knee was fully extended by over 
press. Between Days 3–7, ankle pump exercises were con-
ducted (4 sets of 20 repetitions), knee isometric quadriceps 
flexion exercises (3 sets of 50 repetitions) and straight leg 
elevation of 0–50° (3 sets of 20 repetitions). Passive knee 
flexion-extension between 0–90° with a continuous pas-
sive movement device and walking with crutches with full 
weight-bearing on the operated side was started between 
days 7–15. The CKC and OKC exercises shown in Table 1 
were performed (3 sets of 20 repetitions). When knee flex-
ion reached 110° at 15–30 days, the patients were allowed 
to walk quickly, run on a smooth surface and ascend and 
descend stairs.

Outcome measurements were taken preoperatively, then 
at 3 months and 6 months after surgery in both groups. Sub-
jectively perceived pain intensity was assessed using visual 
analog scale (VAS) (0–100 mm), active knee flexion was 
evaluated with a universal goniometer, and thigh circumfer-
ence difference was calculated from measurements made 

with a tape measure. The thigh circumference difference 
was measured 15 cm above the upper rim of the patella8) 
and represents the circumference measurement difference 
between the operated and normal thighs. Lysholm scores 
were used to assess the knee function, as this is an accepted 
scale of patient functionality demonstrating patient satis-
faction in daily activities of mobility such as walking, as-
cending and descending stairs and squatting9)

.
Non-nominal baseline and outcome data were tested for 

the normal distribution using the Kolmogorov-Smirnov test. 
Results were expressed as frequencies or mean ± SD. The 
baseline differences between the groups were then analyzed 
using Student’s t-test and one-way ANOVA with a post-hoc 
test (Dunnets test) for repeated measures analysis of vari-
ance. The differences of categorical variables between the 
groups were tested by χ2 analysis.

RESULTS

Initially 74 consecutive patients, aged 17–39 years, who 
were admitted to the Physical Medicine and Rehabilitation 
outpatient clinic following ACL reconstruction were en-
rolled in the study. Sixty-six patients who met the eligibility 
criteria of the study were randomly allocated two groups 
according to the sequence of allocation (Fig. 1).

The CKC group comprised 30 patients and the OKC 

Table 1.  Exercises protocols of both groups

Group I (CKC) 
N=30

Group II (OKC) 
n=28

Squatting lunges exercise Isometric quadriceps exercise
Standing weight shift exercise Flexor-extensor bench
Wall sits exercise Isotonic quadriceps exercise
One-legged quad dips exercise Long leg press on-off exercise
Lateral step-ups exercise Knee flexion-extension  

stretching exercise
CKC: closed kinetic chain; OKC: open kinetic chain

Fig. 1.	 Flow diagram of the study process, indicating patient 
selection 
CKC: closed kinetic chain; OKC: open kinetic chain
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group comprised 28 patients. Baseline characteristics of the 
patients are given in Table 2. There were no significant dif-
ferences between the two groups regarding baseline charac-
teristics (all p values > 0.05).

The baseline values of VAS, thigh circumference differ-
ence, Lysholm score and knee flexion were similar between 
the two groups (Table 3). However, significant decreases in 
VAS scores at 3 and 6 months post-surgery were found in 
both groups and the VAS score decreased more in the CKC 
group than in the OKC group. Knee flexion showed signifi-
cant increases at 3 and 6 months in both groups, and the val-
ues were greater in the CKC group than in the OKC group. 
Significant improvements in the Lysholm score were found 
at 6 months post-surgery in both groups (both p>0.05), and 
the improvement was greater in the CKC group than in 
the OKC group. There were increases in thigh circumfer-
ence difference at the 3 and 6 month assessments and the 
increases were significant in both groups at 3 months post-
surgery (Table 3).

DISCUSSION

The results of this study show that the VAS pain scores 
of in both groups decreased after treatment and the de-
crease in these scores was much greater in the CKC group 
than in the OKC group. There were increases in thigh cir-
cumference differences at 3 and 6 months post-surgery, and 
the increases were significant in both groups at 3 months 
post-surgery. The knee flexion values and Lysholm scores 
of both groups increased after surgery and the increases in 
the knee flexion and Lysholm scores were larger in the CKC 
group than in the OKC group.

For successful ACL reconstruction, a special rehabilita-
tion programme is essential for decrease of pain and inflam-
mation, for regaining functional range of motion for under-
taking daily living and sporting activities, and for regaining 
previous quality of life. However, there is no consensus on 
the post-surgery rehabilitation regimen In rehabilitation 
following ACL reconstruction, it has been proposed that 
the graft and knee should be protected via longer immobi-
lization, and that weight-bearing should be avoided to pre-
vent instability10). However, Shelbourne et al., reported that 
weight-bearing and accelerated rehabilitation programmes 
including full extension of the knee on the first day had fa-

vorable effects on knee stability11).
In the present study, full extension and weight-bearing 

were achieved on the first postoperative day. In the early 
postoperative assessments at both 3 and 6 months, no insta-
bilities were seen. We consider this is one of the positive ef-
fects of early rehabilitation and is consistent with the results 
of some previous studies12, 13)

Yack et al. compared OKC and CKC exercises in ACL 
rehabilitation and reported that there was more laxity in the 
OKC group14). However, Perry et al. found no knee laxity 
differences between OKC and CKC groups15). In the present 
study, no laxity was determined in either group.

Postoperative knee edema and swelling develop imme-
diately, and in the following days, muscle weakness and at-
rophy begin in the quadriceps muscle, indicating the need 
for exercise therapy to maintain the muscle mass. The most 
significant thigh circumference difference was seen at 3 
months in the present study. This difference was lower in 
the CKC group, which can be considered to be the result 
of OKC exercises increasing the hamstring and quadriceps 
muscle forces simultaneously and earlier than CKC exer-
cises. The thigh circumference differences were equal in 
the OKC and CKC groups at the end of the 6th month.

The essential reasons for performing OKC and CKC ex-
ercises are to avoid loss of muscle strength, preserve knee 
ROM, and to maintain knee functionality and propriocep-
tion. In the present study, although both CKC and OKC had 
positive effects on knee flexion, the CKC exercises were 
more effective at inhibiting muscle atrophy of the knee flex-
ors and extensors at 3 and 6 months.

These results are similar to those of Barrett16) and show 

Table 2.  Baseline characteristics of the patients

Group I 
(CKC) 
n=30

Group II 
(OKC) 
n=28

Age (years) 27.4 ± 10.5 28.1 ± 11.9
Sex (male/female) 24/6 23/5
BMI (kg/m2) 26.9 ± 1.8 25.6 ± 1.9
Duration of diagnosis (months) 3.9 ± 1.4 4.1 ± 1.6
Affected side (right/left) 14/16 10/18
Education (years) 9.6 ± 4.2 8.5 ± 3.2
CKC: closed kinetic chain; OKC: open kinetic chain; BMI: body 
mass index
Values are presented as mean ± SD

Table 3.  The comparison of the groups’ clinical findings

Group I 
(CKC) 
n =30

Group II 
(OKC) 
n= 28

VAS 100 (mm)
Baseline 72.3 ± 11.4 65.6 ± 12.6
3 months 41.4 ± 12.9 * 48.6 ± 11.4 *
6 months 22.1 ± 10.5 * 27.2 ± 9.9 *

Thigh circumference difference (cm)
Baseline 1.1 ± 0.8 1.2 ± 0.9
3 months 3.2 ± 1.8 * 4.1 ± 2.1 *
6 months 1.3 ± 1.5 1.6 ± 1.4

Knee flexion (°)
Baseline 40.8 ± 17.6 45.4 ±16.7
3 months 125.6 ± 27.1 * 110.9 ± 24.1 *
6 months 135.1 ± 16.1 * 128.5 ± 18.1 *

Lysholm scores
Baseline 66.3 ± 12.4 64.2 ±10.1
3 months 80.8 ± 19.1 78.5 ±14.5
6 months 94.1 ± 8.5 * 84.3 ± 9.1 *

CKC: closed kinetic chain; OKC: open kinetic chain; VAS: Vi-
sual Analog Scale
* The intragroup analysis revealed significant improvements af-
ter treatment when compared with baseline (p<0.05)
Values are presented as mean ± SD
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that CKC exercises performed while weight-bearing are 
more effective at muscle strengthening and increasing joint 
range of motion. CKC exercises are considered to be better 
for restoring normal knee function and weight-bearing17).

Bynum et al. compared ROM and Lysholm scores be-
tween an OKC group and a CKC group and found signifi-
cantly higher values in the CKC group6). In the present 
study, there were statistically significant differences be-
tween the groups in the Lysholm and ROM scores of the 
patients, and the values of the CKC group were higher at 
the end of the 6th month. This was contrary to the findings 
of a study by Hooper et al., who reported that there were 
no differences between OKC and CKC groups at the 4th 
week18). As the postoperative measurements were taken at 
later times in the present study, it is possible that perform-
ing the exercises for longer periods may have a more posi-
tive effect on the results.

In a study by Morrissey et al., VAS pain scores of OKC 
and CKC groups were compared and no differences were 
found between the groups13). That finding was in contrast 
to the results of the present study, which show VAS scores 
were lower in the CKC group at both 3 and 6 months post-
surgery. This can be explained by CKC exercises being 
conducted with weight-bearing, which improves the early 
mobilization and functionality of the patients. In addition, 
Hooper et al., reported 4-week values, a shorter observation 
period than that of the present study; thus, CKC exercises 
performed regularly for a longer period affects the results18).

In conclusion, the results of this study demonstrate that 
in the rehabilitation of ACL reconstruction, CKC exercises 
are more effective than OKC exercises, at providing mobi-
lization and enabling a quicker return to daily and sporting 
activities.
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