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Abstract. Background: There are differing views on the impact of performing
Open Kinetic Chain (OKC) and Closed Kinetic Chain (CKC) on Anterior Cru-
ciate Ligament Reconstruction (ACLR). Purpose: This research aims to compare
the effects of OKC and CKC exercises on knee function following ACLR. Method:
Systematic searches were performed in four databases (PubMed, ScienceDirect,
ProQuest, and PEDro). Systematic review and meta-analysis used Randomized
Controlled Trials (RCT) by comparing OKC exercise with CKC to ACLR, indi-
viduals with ACLR, and complete articles in English. Then, study quality was
evaluated using the PEDro scale. For the interpretation data, if the p-value < 0.05,
it is significant; otherwise, if the p-value > 0.05, it is not significant. Results: The
review comprised seven studies. Meta-analysis was performed on knee function
using the Lysholm knee score and Hughston Clinic Questionnaire and showed
weak evidence that OKC exercise was superior to CKC exercise: MD: —4.55%
(—8.47, —0.62); p-value = 0.02. Conclusion: OKC and CKC exercises are ben-
eficial interventions for individuals with ACLR. Compared to the CKC exercise,
the administration of the OKC exercise did not demonstrate compelling evidence
in people with ACLR.

Keywords: Open Kinetic Chain Exercise - Closed Kinetic Chain Exercise -
Anterior Cruciate Ligament Reconstruction

1 Introduction

Injury is defined as tissue damage caused by an external force acting on the body [1].
With 60% of injuries to the knee and ankle joints, sports have one of the highest injury
rates [2]. Specifically, the Anterior Cruciate Ligament (ACL) is the most frequent injury
in sports. Severe knee injuries called ACLs typically happen once the knee is bent
when landing and twisting [3, 4]. Further, most ACL injuries are caused by non-contact
accidents, accounting for 37.5%—-85% of all ACL injuries. Changes in movement patterns
are connected to the non-contact mechanism [5].
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Annually, more than 120,000 cases of ACL injuries happen in the United States [6].
Meanwhile, the incidence rate of ACL rupture in athletes varies from 0.03% to 1.62%
[7]. Approximately 100,000 ACLRs (Anterior Cruciate Ligament Reconstructions) are
also conducted annually in the United States. In extensive population studies, the preva-
lence of ACLR increased sharply from 7.5% in 1980 to 48.5% in 2015 [8]. The main
objective of ACL reconstruction is to restore the ACL’s dimensions. The options for
ACL graft encompass employing the patella tendon, quadriceps tendon, and hamstring
tendon autograft [9]. In addition, ACLR’s purpose is to reestablish knee function, bol-
ster knee stability, and safeguard the meniscus and articular cartilage from more severe
injury [10].

However, factors present during surgery or post-operative therapy may contribute to
the failure of ACLR. After ACLR, rehabilitating patients is, therefore, a serious chal-
lenge. For post-ACLR care, a systematic, gradual recovery is advised [11]. Hence, post-
ACLR rehabilitation needs to be considered. Gradual, structured, progressive rehabilita-
tion is also recommended for post-ACLR management [12]. In particular, Open Kinetic
Chain (OKC) exercise or Closed Kinetic Chain (CKC) exercise can safely rehabilitate
ACLR. Giving CKC exercise has traditionally been preferred over OKC. Numerous
physiotherapists also believe that exercise with OKC causes more strain on the ACL.
In addition, there is another opinion that exercise with OKC can cause pain and knee
laxity that may occur compared to CKC [13, 14]. Nevertheless, in vivo, clinical tri-
als have shown that OKC exercises produce a similar level of anterior ACL bundle. In
other words, OKC can reduce knee laxity by activating co-contraction in the hamstring
[15]. Therefore, this systematic review and meta-analysis article aims to determine the
difference in the impact of OKC and CKC exercises on knee function ability after ACLR.

2 Method

This work employed Preferred Reporting Items of Systematic Reviews and Meta-
Analysis (PRISMA).

2.1 Search Strategy

This study was conducted systematically in four databases: PubMed, ScienceDirect,
ProQuest, and the Physiotherapy Evidence Database (PEDro). The database search was
organized with a publication time ranging from 1992 to 2022. The search strategy was
carried out with the keywords “open kinetic chain,” “closed kinetic chain,” and “anterior
cruciate ligament reconstruction.”

2.2 Eligibility Criteria

The following inclusion standards were applied in the study: (1) Randomized Controlled
Trial (RCT); (2) individuals with ACLR; (3) intervention comparison between open
kinetic chain and closed kinetic chain; (4) complete articles in English. On the other
hand, other lower extremity injuries and unavailable items were disqualified as criteria
for exclusion.



382 J. F. Putri et al.

Records identified through
database searching
{n=819)

Identification

Records after duplicates removed
{(n=701)

Records excduded with title
Records screened and abstract
{n=701) {n = 666)

Screening

Full-text articles excluded, with reasons
Full-text articles assessed {n=28)
for digibility Not English language (n =1)
{(n=35) Not OKC versus CKC (n =20)
Notan RCT{n=7)

Eligibility

Studies incudedin
qualitative synthesis

n=7)

Studies includedin
quantitative synthesis
{meta-analysis)
(n=4)

Included

Fig. 1. Flow of studies through the review with PRISMA

Moreover, knee function became the primary outcome measure using the Lysholm
knee score (score 0-100) and the Hughston Clinic Questionnaire (percentage). On
both outcome measures, a more excellent score or percentage exhibited improved knee
function.

2.3 Study Selection

The search findings were entered into the Mendeley software. The viability of the inves-
tigation was next checked after duplicates, titles, abstracts, and extraneous publications
were removed. Articles with the remaining full text were then selected using the inclu-
sion criteria. Afterward, the researchers and two reviewers (SSP and ANA) conducted
the screening process (see Fig. 1).

2.4 Data Extraction

Data were taken from each article, including the author, year, population, study design,
intervention, sample size, comparison, outcome measure, and results (see Table 1).
Review Manager software version 5.4 was utilized to extract the mean, standard devia-
tion, and total sample, which were then examined by two reviewers (SSP and ANA) to
determine how much influence was achieved (SSP and ANA).
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2.5 Assessment of Quality Study

Each study’s bias potential was evaluated using the PEDro scale. Study quality on the
PEDro scale relates to specific eligibility requirements, participant selection, hidden
allocation, baseline likeness of prognostic indicators, blinding or ignorance of partici-
pants or subjects, therapists, and raters. If the outcome measure obtained was more than
85% of the participants or subjects, the participants or subjects received the treatment as
allocated, and the results were statistical comparisons. The bias potential was carried out
to assess the used study’s quality (see Table 2). For the interpretation, the total 10-point
PEDro scale score (items 2 through 11) was used; 0-3 “poor,” 4-5 “fair,” 6-8 “good,”
9-10 “excellent” [16].

2.6 Data Synthesis

Meta-analysis was carried out using continuous data, i.e., mean, standard deviation,
and total. The data needed were (1) 95% confidence interval data changes to pre and
post-intervention in each group to determine effect size. (2) The statistical heterogeneity
was assessed using the 12 statistic, and the interpretation indicated 25% (low), 50%
(moderate), and 75% (high) heterogeneity levels. (3) Risk of bias (PEDro scale) was
employed to grade how strong the evidence was for all meta-analyses. (4) If the p-value
< 0.05, it is significant; conversely, if p > 0.05, it is not significant [17].

3 Results

The initial search identified 819 articles. Following removing duplicates and filtering
titles and abstracts, 51 articles were left. The remaining full-text papers were then eval-
uated against the inclusion criteria. As a result, 28 were excluded, with one full-text
paper not in English, 20 articles did not compare OKC and CKC, and seven studies
were not randomized. In the final outcome, seven articles remained, with three articles
as a systematic review and four used in the meta-analysis. The PRISMA flowchart is
revealed in Fig. 1.

3.1 Study Characteristics

A total of 356 participants were involved in the research. The mean age was between 26
and 33 years, and most participants were male (see Table 1).

OKC: open kinetic chain; CKC: closed kinetic chain; RCT: randomized controlled
trials; M: male; F: female.

3.2 Risk of Bias

The bias risk assessment used a PEDro scale ranging from 2 to 11 and was reviewed by
two reviewers (SSP and ANA). Differences of opinion were resolved through discussion.
The mean score was 6.1 (see Table 2). The most prevalent shortcomings included the
therapist’s lack of blinding or ignorance in all investigations, the subjects’ and raters’
lack of blinding or ignorance (five studies), and the lack of an analysis of “participants
or subjects getting treatment as allocated (intention to treat)” (six studies).
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Table 1. Characteristics of Included Studies

No | Author Study | Sample | Population | Intervention Comparison | Outcome Result
Design

1 Bynum RCT N:97 Mean age: | OKC (leg raise, CKC (seated | Laxity: Laxity:
etal. 265y isotonic leg press, KT-1000 OKC (3.3 mm)
(1995) OKC:n= | quadriceps) stationary arthrometer CKC (1.1 mm)

47 (45 M) bike, knee Function: Function:
CKC:n= bend, Lysholm score | OKC (86);
50 (43 M) running) CKC (88)

2 | Hooper RCT N: 37 Mean age: | OKC (hip & knee | CKC (leg Function: Function:
etal. Not extension) press) Hughston OKC (61% +
(2001) reported Duration: four Clinic 15%); CKC

OKC:n= | weeks Questionnaire | (61% + 14%)
19 (16 M) (three times per

CKC:n= | week)

18 (13 M)

3 Kang RCT N: 36 Mean age: | OKC (straight leg | CKC (squat, | Strength: Strength:
etal. 29y raise, leg leg press, isokinetic OKC (69.5 +
(2012) OKC:n= | extension) lunge) quadriceps: the | 25.7); CKC

18 (12M) | Duration: knee joint (55.6 £21.4)
CKC:n= | 12 weeks moved from 0°
18 (12 M) (three times per to 90° at a

week) speed of 60°/s

4 | Morrissey | RCT N: 36 Mean age: | OKC (hip & knee | CKC (leg Laxity: Knee | Laxity:
etal. 30y extension) press) Signature OKC
(2000) (29 M; 7 F) | Duration: four System (10.25 mm);

OKC:n= | weeks arthrometer, CKC

18 (17M) | (3 times per with the knee | (9.98 mm)
CKC:n= | week) in 25° of

18 (12 F) flexion

5 Morrissey | RCT N:43 Mean age: | OKC (hip & knee | CKC (leg Laxity: PROM:
etal. 29y extension) press) ligament OKC (047 £
(2002) (34 M; 9 F) | Duration: four arthrometer 0.19); CKC

OKC:n= | weeks PROM: (0.50 £ 0.22)
22 (19 M) | (three times per goniometer Function:
CKC:n= | week) Function: Question 1:
21 (15M) Hughston OKC (2.9 +
Clinic 3.0)
Questionnaire | CKC (4.0 +
(1,2,25) 3.9)
Pain: VAS Question 2:
OKC (2.7 +
2.3)
CKC (4.0 +
3.1)
Question 25:
OKC (2.9 +
3.1); CKC (3.4
+3.0)

(continued)
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Table 1. (continued)

No | Author Study | Sample | Population | Intervention Comparison | Outcome Result
Design
6 | Perry RCT N: 49 Mean age: | OKC (hip & knee | CKC (leg Laxity: knee Laxity:
etal. 33y extension) press) signature OKC (10 £2)
(2005) B7M; 12 Duration: six system CKC (10 £ 3)
F) weeks arthrometer Function:
OKC:n= | (three times per with knee OKC (29 £ 13)
24 (17M) | week) Flexi 25° CKC (32 £ 13)
CKC:n= Function:
25 (20 M) Hughston
Clinic
Questionnaire,
single leg hop
for distance,
triple

crossover hop
test

7 | Ugaretal. | RCT N: 58 Mean age: | OKC (isotonic CKC Pain: VAS Pain:
(2014) 278y quadriceps, (squatting ROM Flexi OKC (272 £
47M; 11 isometric lunges, wall | knee: 9.9); CKC
F) quadriceps, knee | sit, standing | Universal (22.1 £ 10.5)
OKC:n= | flexion-extension, | weight shift, | Goniometer Knee Flexion:
28 (23 M) | flexor-extensor one-legged Thigh OKC (1285 +
CKC:n= | bench, stretching) | quad dips, circumference: | 18.1); CKC
30 (24 M) lateral tape measure (135.1 £ 16.1)
step-ups) Function: Thigh
Lysholm score | circumference:
OKC (1.6 +
1.4)
CKC (1.3 +
1.5)
Function:
OKC (84.3 +
9.1); CKC
(94.1 £8.5)

3.3 Meta-analysis
3.3.1 Lysholm Knee Score

Data from two investigations were used to calculate the Lysholm knee score. The find-
ings showed that exercise patients from OKC and CKC differed significantly from one
another: MD: —6.30% (—12.12, —0.47); p-value = 0.03 (Chi2 = 1.22,df = 1, and
p-value = 0.27; 2= 18%); (see Fig. 2).

3.3.2 Hughston Clinic Questionnaire

Hughston Clinic Questionnaire data were presented in two investigations. The results
revealed no critical distinction in patients with OKC exercise compared to patients with
CKC exercise: MD: 1.35% (—7.23, 4.54); p-value = 0.65 (Chi* = 0.03, df = 1, and
p-value = 0.87; I? = 0%); (see Fig. 2).
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Table 2. Risk of Bias with PEDro Scale

Author Item*
1 2 |3 |4 |5 |6 |7 |8 9 |10 |11 | Total**

Bynum et al. (1995) Y |Y |Y |]Y [N [N |]Y Y I[N Y N |6
Morrissey etal. (20000 |Y |Y [N |Y [N N |Y |Y N |Y |Y |6
Hooper et al. (2001) Y |Y 'Y |Y [N N N Y [N |Y |Y |6
Morrissey etal. (2002) |Y |Y |Y |Y |Y N [N [N [N |Y |Y |6
Perry et al. (2005) Y |Y N Y |Y I[N |Y |Y Y |Y |Y 8
Kang et al. (2012) Y |[Y IN]Y |Y [N |N N N |Y |Y |5
Ucar et al. (2014) Y Y |Y |Y [N IN N |Y [N |Y |Y |6

Y: yes; N: no

*1. Eligibility criteria; 2. Random allocation; 3. Concealed allocation; 4. Baseline comparability;
5. Blinding subject; 6. Blinding therapist; 7. Blinding assessors; 8. Outcome data obtained more
than 85%; 9. Intention to treat; 10. Comparisons group result; 11. Point measures

**Total 10-point PEDro scale score (items 2 through 11); 0-3 “poor,” 4-5 “fair,” 6-8 “good,” 9-10
“excellent.”
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Fig. 2. Forest Plot: Lysholm Score and Hughston Clinic Questionnaire Score

3.4 Systematic Review

3.4.1 Strength and Endurance Knee Extensor

Research conducted by Kang et al. (2012) asserted a sizable disparity between before
and after therapy with (p < 0.05) in endurance, isokinetic strength, and squat strength.
Compared to CKC exercise, OKC exercise exhibited higher differences in isokinetic
strength and extensor muscle endurance [18].
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3.4.2 Kbnee Laxity

Studies carried out by Bynum et al. (1995), Morrissey et al. (2000), Perry et al. (2005),
and Morrissey et al. (2002) explained that there was no discernable variation with either
OKC or CKC exercises on anterior tibia laxity using an arthrometer [19-22].

3.4.3 Knee Pain

Research by Morrissey et al. (2002) explained that the discomfort during the OKC and
CKC exercise was the same (p = 0.67), while Ucar et al. (2014) said that pain decreased
more in the group given CKC compared to OKC [22, 23].

4 Discussion

Systematic review and meta-analysis uncovered that after ACLR, both statistical and
descriptive analyses stated that OKC and CKC exercises were beneficial interventions
for individuals with ACLR. In this study, the prime focus was to ascertain whether
exercising with OKC produced a more significant increase in function than exercising
with CKC. Data from four studies that had been collected were then included in the meta-
analysis, finding that there was a more significant change in OKC exercise compared to
CKC exercise in knee function.

Following ACLR, performing OKC and CKC exercises is crucial to prevent muscle
atrophy, maintain knee flexibility, and enhance knee proprioception [23]. Most rehabil-
itation work done in the initial stages of ACLR is CKC. OKC exercises, on the other
hand, are typically performed later [24]. According to Mikkelsen et al. (2000), OKC can
dramatically boost quadriceps muscular strength while preventing knee laxity. Although
itis not a recent study [25], it is advised to utilize combined workouts of OKC and CKC
with caution and under management to prevent undue pressure on the ACL graft. Similar
to the research of Bynum et al. (1995), OKC exercises need to be monitored to limit so
that there is not much stress on the ACL graft [19].

It contrasts with the research conducted by Fukuda et al. (2013), investigating Early
OKC (EOKC) and Late OKC (LOKC) exercises reviewed at 12 weeks, 19 weeks,
25 weeks, and 17 months. Their results demonstrated a statistical increase in Lysholm at
19, 25, and 17 months. Besides, the EOKC and LOKC groups achieved similar findings
for discomfort and function, while the LOKC group exposed quicker quadriceps strength
recovery. However, this distinction lacked clinical significance [26]. Since there was no
negative impact from therapy administered right after ACLR, it is expected that the
patient may feel comfortable to begin weight bearing right after the surgery by flexing
the knee from 0° to 90° and doing CKC exercises [27]. Nonetheless, different results
were obtained in the research of Kang et al. (2012) by finding a type of exercise more
effective than only emphasizing structural strength safety. After the experiment was con-
ducted, it was proven that the strength and endurance of knee extensors were improved
with OKC exercise [18].

Moreover, the vastus medialis, which has more activity than the vastus lateralis,
can be stimulated by CKC exercises. Compared to OKC exercise, this advantageous
effect is higher. It is also known that OKC exercise is not easy in individuals with
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patellofemoral joint pain because it produces cruciate ligament hypertonicity. Mean-
while, exercises with CKC combine contractions in the quadriceps and hamstring, such
that the patellofemoral joint’s increased pressure is reduced, and the joint’s stability
is increased. This study’s findings align with earlier studies showing that both CKC
and OKC exercises for the quadriceps significantly impact pain relief and improve joint
performance. However, individuals that received CKC exercise, as opposed to OKC exer-
cise, had substantial advantages [23-25, 28-31]. Another study by Nadeem et al. (2022)
disclosed that CKC exercise was more effective in increasing strength and reducing pain
than OKC exercise. Thus, three weeks after the treatment, engaging in quadriceps and
hamstring strengthening exercises is safe. However, more research is required [27].

In the study of Cho et al. (2013), the use of CKC gave significant results on knee joint
function and proprioception after six weeks; it also effectively minimized the occurrence
of stress on the ligament. As a result, CKC is strongly advised as the first exercise step
after ACLR [32]. In addition, OKC or CKC exercises given had the same effects on pain
and knee joint function. However, the use of OKC exercises that provide greater advan-
tages following ACLR has not been demonstrated, according to the currently accessible
studies. Thus, administering CKC exercises is still arecommendation until there is strong
evidence showing that OKC is more effective on knee joint function in ACLR [19]. It
is supported by the research of Perry et al. (2005) that giving OKC and CKC exercises
did not have different effects on knee laxity or knee joint function, assuming that higher
intensity did not have different results. Although using weights to exercise OKC seems
safe, this study advises exercising CKC following ACLR. Further research is then needed
to compare the impact of OKC or CKC exercise after ACLR [21].

The limitation of this research is that the number of studies obtained was still lim-
ited, so the provision of OKC or CKC exercises was still assessed subjectively. Given
that males made up nearly all the research participants, it negatively correlated with
females’ increased risk of ACL damage. To achieve the best results, it is also necessary
to reevaluate the type of graft, dose, and intensity of exercise.

5 Conclusion

Based on the results of studies observed and carried out, the meta-analysis highlighted
weak evidence that OKC exercise is superior to CKC exercise. In addition, given the
limited literature and research comparing the two interventions, it is difficult to say that
OKC is more effective after ACLR. In this case, the authors still recommend giving CKC
exercise as an early stage after ACLR until there is substantial proof that OKC is more
effective than CKC exercise. Moreover, future studies are expected to provide more vital
evidence by considering more aspects of research and collaborating with other health
professionals related to managing ACL injuries so that the results obtained are more
maximal and objective.

This study further implies that there is limited current literature comparing OKC and
CKGC; it should be noted that most studies only involved four weeks of intervention. It
makes the results obtained less than optimal. Therefore, in anticipation of giving OKC
interventions to the ACLR, it is necessary to pay attention to the degree of the knee
movement so as not to re-injure.
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