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ABSTRACT
Background: The objective of this study is to determine whether the early association of the open kinetic chain (OKC) 
and the closed kinetic chain (CKC) allows an improvement in the strength and functional qualities of the quadriceps in 
the context of soccer rehabilitation after anterior cruciate ligament reconstruction.  
Materials: A collection of prospective data on two groups of 15 subjects who all suffered an after anterior cruciate 
ligament (ACL). Each subject is assigned to a group according to the type of rehabilitation they have undergone within 
the center, with only CKC rehabilitation and mixed OKC and CKC rehabilitation. The protocols were introduced four 
weeks after ACL reconstruction. The measurements were carried out at three months on an isokinetic dynamometer to 
measure the peak torque (PT) and to be able to determine limb symmetry index (LSI) and the PT concerning the body 
weight, the relative peak torque (PT/WB).
Results: After testing the LSI and the PT/WB between the two groups, there was a significant difference (p <0.05) 
between the LSI of the two groups and a very significant difference between the PT/WB (r=0.817; p<0.001). We have 
also shown a significant positive correlation between these two parameters.
Conclusion: The study suggests an interest in the early association of OKC and CKC in correcting quadriceps strength 
deficits and improving its functional quality after ACL reconstruction.
Keywords: anterior cruciate ligament reconstruction, peak torque, open kinetic chain, early rehabilitation, limb 
symmetry index, soccer players.
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INTRODUCTION
In soccer, an anterior cruciate ligament (ACL) injury is 
one of the most common and problematic injuries, both 
amateur and professional. One of the most frequent 
options following the injury is a surgical treatment with 
ACL reconstruction, followed by rehabilitation, re-athletic 
training, and re-training to regain a level and competitive 
practice. However, the process of returning to competition 
can take a long time to hope for a return to the initial level 
of performance and presents iterative injury risks.
At a high level, such unavailability entails considerable 
costs for the clubs, whether they are sporting (impossibility 
of integrating one or more convalescent players into the 
rotation over a long period) and financial (payment of 
salary despite unavailability, the cost of the operation, 
and rehabilitation, etc.). Beyond these costs and despite 
rehabilitation, athletic training, and retraining, some 
affected athletes and whatever the level never return to 
competition or to their original sport due to an ACL 
injury. Indeed, among professionals, the rate of return to 
competition considered successful (return to the initial 
performance level) is around 85% [1], while it is only 55 
to 60% at the leisure level [2]. Moreover, beyond sporting 
and financial issues, a failure to resume sports practice has 
a pathological dimension by inducing a sedentary lifestyle 
that will promote other long-term ailments, in particular 
cardiovascular.
The sine qua non-conditions for a triumphant return 
to competition lie partly in the quality of the surgical 
procedure and the patient’s clinical management, and the 
quality of rehabilitation and re-athletic training. It is in this 
second part that we can act. Generally, the return to sport 
(RTS) is based on temporal criteria. The decision to return 
to sport is made at the end of the rehabilitation process [3]. 
It is done by obscuring many other factors, sensorimotor 
parameters, etc.) because it follows a temporal frame that 
does not allow individualizing the decision-making. One 
of the criteria, if not the criterion considered central in 
decision-making during rehabilitation, is muscle strength 
in its different modalities [4].
In rehabilitation, it is the closed kinetic chain (CKC) work 
that is the most used at a stage early. Conversely, open 
kinetic chain (OKC) work usually happened later. Few 
studies have been shown the effects of the OKC on muscle 
strength. Still, Mikkelsen et al. [5] showed that the use of 
the OKC significantly increases the strength (torque) of 
the quadriceps without inducing more significant knee 
laxity. However, this is one of the few studies examining 
the effects on muscle strength, and it is not the most recent.
Therefore, it appears essential to support, monitor, and 
above all optimize the process of returning to competition 
following such an injury to partly limit the consequences 
on future practice (return to a level performance before 
the injury) and attempt to stem or at least limit a total 
withdrawal from practice among the soccer player. He 
should more particularly feel the effects of the early 

introduction of an OKC work within the framework of 
the RTS because this method is little used at such a stage 
of rehabilitation. After reviewing the associated literature, 
the objective of this thesis will be to test the interest of 
this method at an early stage of rehabilitation on variables 
considered to be decisive in rehabilitation to optimize the 
return to competition for soccer.
MATERIALS AND METHOD
To respond to the problem, we favored research by 
collecting data. However, the method of data collection is 
prospective.
The study performed is a multicenter study. It was executed 
in a private clinic as well as in a liberal rehabilitation center 
in Domont. 
The population is presented here in a demographic table of 
the test and control groups.
The study was carried out on 30 soccer players of varying 
levels of practice, randomly assigned to two groups of 15 
depending on the nature of the protocol they followed 
(Table 1). All are monitored and evaluated by the 
structure as part of their rehabilitation following an ACL 
reconstruction.
All underwent a similar type of surgery (hamstring 
graft) following their ACL injury to be included in the 
study. All were injured while practicing their activity, 
and those whose rehabilitation follows a recurrence of an 
ACL injury are excluded. To be able to be included and 
to carry out the assessments, all had to meet the primary 
criteria conditioning the return to running (RTR), namely: 
an amplitude of movement of the injured leg equal to at 
least 95% of that of the healthy leg, a score of the Visual 
Analogue Scale less than 2 (VAS), as well as an absence of 
intra-articular effusion (6).
The study is prospective, so, once selected based on the 
inclusion criteria defined above, the athletes are divided 
into two groups according to the rehabilitation protocol 
they followed. Concretely, within the rehabilitation center, 
the modalities and protocols of rehabilitation vary from one 
practitioner to another, some systematically implementing 
mixed OKC and CKC protocols with their patients, others 
using the CKC exclusively.
The subjects are therefore assigned to two groups, a CKC 
control group (CKC exclusively) and an OKC test group 
(mixed OKC and CKC rehabilitation) according to the 
type of rehabilitation they have undergone as part of their 
training RTR.
The OKC group followed a mixed protocol with muscular 
work in OKC and CKC. For the OKC group, work in OKC 
was initiated from 4 weeks after surgery (29.7 days ± 8.4) 
[7]. In addition to the exercises mentioned above for the 
CKC group, the rehabilitation process of the second group 
included various exercises in OKC, for example, sessions 
with knee extensions against resistance on an isokinetic 
dynamometer (the protocols, number of repetitions, and 
the angular speeds applied to be progressive throughout 
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the two months, with work at an angular speed of 120 °.s-1 at 
the start and maintained over the two months by gradually 
adding series on lower angular speeds, 90 ° s-1, 60 ° .s-1 then 
30 °.s-1), leg extensions coupled with electrostimulation 
at the edge of the table, leg extensions on a quadriceps 
machine.
Rehabilitation of the two groups is standardized between 
the surgery and the end of the first month preceding the 
start of the protocol and, therefore, OKC for the test group.
The evaluation of the two groups was carried out three 
months after the operation (99.9 days ± 14.5; Table 1), the 
time being variable between each individual but without 
significant difference between the two groups, because the 
time is not an absolute decision criterion and the deadlines 
had to be individualized based on other objective variables 
[6]. Therefore, the achievement of the isokinetic assessment 
coincides with the RTR following it (based on the objective 
criteria evaluated) [6].
The assessment of all individuals was performed on the 
same EasyTech Genu Plus Concentric / Eccentric isokinetic 
dynamometer available at the clinic, and data was collected 
on the computer software interface attached to the machine
The purpose of these checkups was to measure the peak 
torque (PT, given in Newton meters, Nm) of the quadriceps 
on knee extension movements. The values   of PT were then 
related to the weight (PT/WB) of the subjects to obtain 
relative maximum torque values   for each of the subjects, 
as an indicator of the functional quality of the quadriceps, 
[8] but also related to the PT of the leg healthy to be able 
to determine the limb symmetry index (LSI) between the 
two legs [9].
Before proceeding with the isokinetic assessments, each of 
the subjects followed a standardized warm-up comprising 
10 minutes of walking.
Once the warm-up was completed, and the positioning was 
carried out on the machine, each of the subjects carried out 
a protocol of 1 series of 4 knee extensions per leg at 60 °.s-
1 [10], over an angular range of 100 ° flexion at 0 ° (full 
extension). The series was carried out first on the injured 
leg and then on the healthy leg.
The angular range was chosen, and the angular velocity 
corresponds to the standards in the literature in terms of 
isokinetic evaluation of the PT of the quadriceps in the 
context after ACL reconstruction follow-up [11]. This is 
justified by the fact that the maximum measured torque 
values   are obtained in 0 and 60 °.s-1 and an evaluation at a 
higher angular speed would, on the one hand, decrease the 
values   of the PT but would also decrease the sensitivity of a 
comparison of PT between two legs or two distinct groups, 
thus skewing decision making under RTS.
The statistical processing of the data was carried out on 
the Jamovi software (The jamovi project (2021). Jamovi 
(Version 1.6) [Computer Software]).
The objective of this statistical treatment was to identify 
or not significant differences between the LSI on the OKC 

group and the CKC group and the PT/WB (Nm.kg-1) of the 
injured leg between the two groups to be able to confirm 
or not our hypotheses suggesting the benefits of an early 
association of muscular work in OKC and CKC.
We consider here two distinct groups of people; these are 
independent variables that must be tested with a Student T 
test if the following conditions are true. We, therefore, first 
determined the normality of the data using a Shapiro-Wilk 
test. Then, the distribution being normal, we were able to 
carry out the T-test.
We also tested the epidemiological data (age, height, 
weight, postoperative delays) between the two groups to 
identify or not significant differences between them and to 
be able to identify or eliminate bias.
A Pearson correlation test was also performed between the 
groups’ symmetry index and the maximum relative torque 
to show or not a correlation between the two variables 
considered.
RESULTS

Table 1: Demographic data

Population (mean + SD)

n 30

Age (y) 26,5 ± 5 p=0,868 (NS)

Size (cm) 178,5 ± 6 p=0,901 (NS)

Weight (kg) 79,2 ± 10,1 p=0,56 (NS)

Post-operative deadline (days) 99,9 ± 14,5 p=0,271 (NS)

Testing Group (mean + SD)

n 15

Age (y) 26,3 ± 5,3 NS

Size (cm) 26,3 ± 5,3 NS

Weight (kg) 77,8 ± 10,2 NS

Post-operative deadline (days) 97,9 ± 17,5 NS

Control group (mean + SD)

n 15

Age (y) 26,7 ± 4,9 NS

Size (cm) 178,9 ± 6,3 NS

Weight (kg) 80,5 ± 10,2 NS

Post-operative deadline (days) 101,8 ± 10,9 NS

The two groups do not present a statistically significant 
difference (Table1) between them looking at the 
epidemiological data of age, height, weight, and time 
between the operation and the assessment (p> 0.05).
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Figure 2:  LSI comparison between OKC group and CKC 
group

The statistical analysis revealed a statistically significant 
difference (Figure 2) between the percentages of LSI of the 
two groups (p = 0.023).

Figure 3: PT/WB (Nm.kg-1) comparison between OKC 
group and 

The statistical analysis carried out revealed a very significant 
statistical difference (figure3) between the PT/WB values 
of the two groups (p <0.001).

Table 2: Mean value of LSI and PT / WB

Group LSI PT/BW

OKC 77,2 ± 19,3 2,16 ± 0,66

CKC 60,2 ± 19,2 1,23 ± 0,56

% Nm.kg-1

Table 2 summarizes the mean values of the symmetry 
index and the PT/WB for the two groups. The average LSI 
of the OKC group is 77.2%, and 60.2% for the CKC group. 
Thus, it can be seen that the LSI of the CKC group is 22% 
lower than that of the OKC group.
The average PT/WB of the OKC group is 2.16 Nm/kg and 
1.23 Nm/kg for the CKC group, i.e., a difference of 43% 
between the two groups.

Figure 4: Pearson’s Correlation between LSI and PT / WB 
(Nm.kg-1)

The Pearson test applied to the data of LSI and PT/WB 
show a very significant positive correlation (r = 0.817) (p 
<0.001) between the LSI and the PT/WB (figure 4)
DISCUSSION
The objective set by this study was to show the benefits 
of the early introduction of a rehabilitation protocol 
combining OKC with CKC, both on the correction of the 
quadriceps strength deficits inherent in ACL injury and on 
its functional quality. To meet this objective, two hypotheses 
were defined. First, combining OKC and CKC at an early 
stage improves LSI, and the combination of OKC and CKC 
at an early stage improves the functional qualities of the 
quadriceps. Second, to meet this objective, we identified 
two parameters to be studied, namely the LSI, an index 
of force symmetry between the leg having undergone the 
ACL injury and the surgery and the healthy leg, as well as 
the PT/WB control of the quadriceps strength, but also 
its functional quality. These two parameters were both 
obtained from the measurement of the PT on an isokinetic 
evaluation.
Regarding LSI, the results detailed in the previous section 
show a significant difference between the two groups (p = 
0.023); the group has benefited from OKC and CKC based 
rehabilitation having the highest values. In addition, the 
average of this first group is 77.2% (as a reminder, an LSI 
of 100% allows us to consider that there is no difference in 
strength between the quadriceps of the healthy and injured 
leg). In comparison, it is 60.2% for the CKC group, i.e., a 
difference of 22% between the two groups. These results 
suggest a significant benefit from the early introduction 
of a protocol including OKC exercises to correct inter-
limb strength deficits. By putting into perspective with 
other studies testing the introduction of a rehabilitation 
protocol including OKC exercises, the results obtained are 
in agreement with the study by Mikkelsen et al. in 2000 
[5], which had measured a significant difference in LSI by 
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comparing a mixed OKC and CKC protocol to a protocol 
exclusively in CKC, introduced six weeks after ACL 
reconstruction. The difference between the means of the 
two groups was 26.6% for 22% in our study; nevertheless, 
the evaluation was carried out six months after surgery 
against three months in our case, and the introduction of 
the protocols is later. As the study was conducted over a 
more extended period, they compared the LSI values   to 
the rate of RTS of their subjects, which our study did not 
allow us. Another study [12] measured a difference in LSI 
of 15% between a mixed OKC and CKC group and a CKC 
group after four months of rehabilitation. However, this 
rehabilitation did not systematically follow an ACL injury 
but various injuries and impairments involving the same 
ligament.
Conversely, our results go against those obtained by the 
study by Heijne et al. in 2007 [13], which did not find a 
significant difference in the LSI obtained after a 3-month 
post-operation assessment between their two groups. 
However, their rehabilitation protocol, which included 
OKC exercises, did not include strengthening sessions on 
an isokinetic machine or electrostimulation, but only leg 
extensions on a quadriceps machine. Therefore, the two 
protocols are not comparable, which may help justify such 
differences in LSI between the two studies. Because of the 
importance of limiting strength deficits between the two 
legs, which has been shown several times in the literature 
[14-16], it was essential to evaluate this parameter to test 
the benefits of a protocol including exercises in OKC.
Our study also considered the PT/WB values   obtained 
from the maximum torque measured during isokinetic 
balances. The difference between our two groups is very 
significant here (p <0.001), with a difference of the order of 
43% between the groups, which agrees with the symmetry 
indices obtained to suggest a benefit from the association of 
OKC and CKC exercises at an early stage of the RTS process, 
on the one hand on the correction of strength deficits but 
also the improvement of the functional quality of the 
quadriceps. Most studies with protocols approaching ours 
have considered the LSI and the PT [5,12,13,17], although 
the PT/WB is equally relevant [3,18]. As our study did not 
standardize the level of practice of the subjects and the 
preoperative strength values, a comparison based on the 
PT alone was not possible because it was carried out on a 
single assessment. We chose to use the PT/WB to attest to 
the functional quality of the subject’s quadriceps because 
although it does not allow direct measurement, it is a 
powerful predictor of the subjects’ functional recovery in 
the longer term [8]. It also seemed necessary to us to attest 
to the effects of the protocol on such an indicator because 
of the critical importance of the functional quality of the 
knee extensors in the success of the rehabilitation process 
[19]. Although the difference in PT/WB between the two 
groups matches the LSI, the difference between our two 
groups is much more than significant, and even though 
it is not the same variable, it is much higher. Beyond the 
PT differences found in the literature. For example, Kang 

et al. in 2012 [17] report a difference of 15% between the 
PT of the mixed rehabilitation group OKC and CKC and 
the CKC group, but the study does not provide any details. 
On the chronology of the rehabilitation protocol and the 
evaluation. The study by Mikkelsen et al. in 2000 [5] also 
shows a significant difference between his two groups and 
a difference of about 23% between the mean PT of the 
two groups. Therefore, such a gap between our groups 
seems to be put into perspective, and although it supports 
our hypotheses, it is necessary to consider certain limits 
that could explain it. Indeed, our study does not present 
a standardization of levels between the players, including 
having a sufficient sample induces a bias. There may be a 
prior imbalance between the two groups and, therefore, 
players with a higher relative strength preoperative and 
pre-injury. To minimize this bias, it would be ideal to have 
preoperative strength data for each of the subjects, which is 
difficult to achieve outside professional sport because this 
would imply systematic monitoring of a cohort of players 
over several years an ACL tear is not predictable. Although 
the rehabilitation protocols are similar within the groups, 
we couldn’t control the attendance of certain participants, 
and the context of early rehabilitation could lead 
practitioners to regulate the exercises proposed according 
to the participants (for example, if a subject reported pain 
on particular exercises or specific movements, etc.)
The Pearson test that we performed indicates a strong 
positive correlation between the LSI and the PT/WB (r = 
0.817). This relation met before the link between the LSI, 
a quantitative witness because it is an index of the balance 
of the force between the observed leg and the healthy leg, 
and the PT/WB, which qualitatively testifies not only to the 
relative force. The quadriceps of the injured leg but also 
its functional quality. Indeed, we know that although the 
LSI is a criterion considered in the decision making during 
the continuum of RTS, as an indication, for the quadriceps, 
the LSI must be greater than 70% at 60 °.s-1 to authorize 
the RTR [4], this decision-making is multifactorial and 
must not obscure other parameters. Here the PT/WB is 
significantly higher for the group with a mixed OKC and 
CKC rehabilitation with an average of 2.16 Nm/kg. Still, for 
a subject who presented an LSI allowing absolute terms a 
RTR, the PT/WB is also to be considered because a relative 
force that is too low despite a high LSI does not allow the 
RTR. Rehabilitation and, therefore, the choice of protocols 
must meet an objective of partly correcting imbalances 
and a functional objective, which requires a relatively 
high PT/WB. The study by Pietrosimone et al. in 2016 
[8] recommends a threshold of 3.10 Nm/kg to maximize 
the functional quality of the quadriceps and succeed in 
its rehabilitation. Such a threshold seems even higher and 
even more at an early stage of rehabilitation because it 
implies that a 70kg person develops a PT of 217Nm, which 
for a subject is achievable but more difficult to envisage for 
a sedentary population.
This underlines the importance of maximizing the balance 
of force between the two legs and the functional quality 
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of the quadriceps, which must be the objective and the 
result of the rehabilitation protocols proposed within the 
framework of the RTS.
CONCLUSION
In soccer, the success rates of RTS following an ACL 
injury are still low in an amateur context, and the length 
of rehabilitation time has an impact on both the player and 
the team. The objective of our study was to highlight the 
benefits of using OKC at an early stage of rehabilitation due 
to the proven importance of optimizing the muscle strength 
of the quadriceps and its functional quality on the success 
of the return-to-performance process. This demonstrated 
a dual benefit of the early combination of exercises in OKC 
and CKC as part of rehabilitation following an ACL tear, 
both in the correction of quadriceps strength deficits and 
improved functional quality. The results obtained show 
a better LSI and a higher PT/WB for the group that has 
followed a mixed OKC and CKC protocol than the group 
having only undergone rehabilitation in CKC. However, 
our study has limitations, and to get a better idea of   the 
results of the early combination of OKC and CKC exercises 
in the rehabilitation protocol, it would be relevant to 
conduct a study by standardizing the level of practice of 
the players included. Furthermore, to test the effects of 
protocols on the same variables and have a higher level 
of evidence. It would also be relevant to have the rates of 
return to successful sport of subjects to be able to compare 
between groups.
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