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Purpose: Anterior Cruciate Ligament (ACL) injury is the most common knee ligament injury
during exercise, with a frequency of 36.9 per 100000 individuals. The characteristics of this injury
are proprioception dysfunction. The present study aimed to investigate the knee proprioception
after the reconstruction of ACL in soccer players.
Methods: The study sample of this study was 20 elite male soccer players with an ACL injury
experiencing post-reconstruction. The knee joint position sense of the study subjects was
measured by Isokinetic (Gymnex model) at 30°, 45°, and 60° between the operated and nonoperated knee. An Independent Samples t-test was used to compare the mean scores of the
measured variables at the significance level of P≤0.05.

Keywords:

Results: The obtained results suggested that the mean value of the angle reproduction test at
30° on the operated knee was significantly more than that of the non-operated knee (P=0.003).
Moreover, the mean value of a passive angle reproduction test was significantly more than that of
the active angle test in the operated knee (P=0.001). There was no significant difference between
the mean value of 45° angle repair results in the non-operated and operated knee (P=0.99). The
difference between active and passive tests in the operated knee on 45° was significant; the study
subjects demonstrated higher mean scores in the active test (P=0.02). Additionally, the half-value
in angle reproduction in 60° in the operated knee was significantly less than that of the nonoperated knee (P=0.01). Eventually, there was no significant difference between the results of
the test at this angle in the passive and active angle reproduction in the affected knee (P=0.22).
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Soccer player, Knee joint
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Conclusion: The obtained data revealed that the knee joint position sense of the operated knee
joint, compared to the non-operated knee in elite soccer players, along with the reconstruction of
the ACL, was weaker than those of the non-operated knee.
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Highlights
● Anterior Cruciate Ligament (ACL) significantly affects the knee joint proprioception.
● The characteristics of ACL injury are proprioception dysfunction.
● The knee joint position sense of the operated knee joint, compared to the nonoperated knee in elite soccer players,
along with the reconstruction of the ACL, are weaker than those of the nonoperated knee.

Plain Language Summary
ACL injury is the most common knee ligament injury during exercise and most of these injuries are of non-collision type.
ACL tear can lead to a reduction in the sensation in the knee joint and dispose the person to joint disorders.

P

1. Introduction

roprioception involves any position or
motion information transmitted by sensory receptors in the muscle, tendon,
joint, and even the skin to the central
nervous system. It is involved in muscular reflex, joint dynamic stability, and
motion planning for neuromuscular control [1]. It provides us information on the position and motion of the
knee and significantly impacts muscle control. Ruffini
nerve endings, Pacinian corpuscles, and Golgi tendon organs are mechanoreceptors identified in various intra-articular structures of the knee with free nerve endings [2,
3]. Any factor which reduces proprioception may lead to
mechanical instability and ultimately increased stress on
the joint, which could make it prone to injury. Some of
these factors include injury to ligaments, muscle imbalance, the lack of flexibility, aging, overuse injuries, pain,
diseases, and fatigue [4]. Anterior Cruciate Ligament
(ACL) significantly affects the knee joint proprioception.
However, the effect of ACL injury on knee proprioception remains unclear [5].
An ACL injury is the most prevalent knee ligament
injury associated with exercising. Its frequency is 36.9
per 100000 individuals, and most of these injuries are
of non-collision type [6]. ACL tear is the most common
cause of knee treatment in soccer players.
Park et al. explored patients with ACL tear with and
without an internal cervical tear; they concluded that the
balance of the leg with ACL ligament injury was significantly less than that of the non-injured knee [7]. Thus, the
ACL contributes to maintaining the static and dynamic
balance and stability, and the coordination of knee joints.
Patients may perform their daily living activities without
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having healthy anterior cruciate ligament. However, most
athletes decide to undergo surgery to return to the previous level and improve their physical fitness to an ideal
level [7]. The pattern for the recovery of proprioception
after reconstruction remains unclear [8]. A review article
by Dhillon et al. reported no evidence suggesting that the
reconstruction of ACL improves the function of individuals affected by this ligament injury [9].
Fremerey et al. examined the knee joint proprioception after the reconstruction and rehabilitation of ACL.
They found that the sense of joint position in the operated
knee joint was significantly higher than that of the nonoperated knee while performing the single-leg stance test
[8]. However, Ralph et al. examined the effect of conservatively treated ACL injury on knee joint position.
Knee joint position sense was measured using a seated
passive-active reproductive angle technique. The average
absolute angle of error score was determined to be 10°30° of knee flexion. This error score was derived from
the difference between the target and repositioning angle.
This study supported that a static proprioceptive deficiency exists in the knee joint following ACL injury and
rehabilitation, potentially due to a reduction in functioning mechanoreceptors in the ligament over time [10]. As
noted, studies conducted in this area have reported contradictory data. In addition, the role of ACL in the knee
joint position sense is essential; however, there is a lack
of studies in this area on elite athletes, especially soccer
players. Thus, the present study aimed to examine the
knee proprioception in the non-operated knee and operated knee after the reconstruction of anterior cruciate
ligament among elite soccer players.
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2. Materials and Methods
This research was a quasi-experimental study. The study
participants were selected using the purposive non-randomized method. The research sample included 20 elite
sorcerers in Mashhad City, Iran, with a cruciate ligament
injury, who underwent ACL reconstruction in the form of
arthroscopic with auto-graft with a patellar ligament.
The inclusion criteria included passing a minimum of 6
months and a maximum of 12 months of surgery, being
a soccer player (membership of the Premier League or
League 1 club team, performing soccer exercises for at
least 3 sessions per week before the injury), the lack of
atrophy in the lower limb muscles by the comparison of
healthy limbs and inflammation on the knee, complete
painless motion range, the lack of knee joint laxity, and
significant orthopedic and hematological and neurological injuries in other joints in both operated and healthy
limbs. All of these cases were examined by an orthopedic specialist.
To perform the test, the study participants warmed up
on a stationary bike without applying resistance (level
3, 60 rpm) for 5 minutes. Then, they performed stretching exercise of knee joint and quadriceps and hamstring
muscles [11]. The level of knee joint position sense was
measured by angle reconstruction method using an isoA

kinetic device (Gymnex; made in Florence, Italy). The
following protocol was performed for accurate measurement of the knee joint position sense.
The subject was held tightly using the seat belt inserted
on the seat of the device. The rotation axis of the lever
arm of the dynamometer was aligned with the knee rotation axis, and the lever arm cushion was placed on the
lower third of the leg after measuring the leg length of
the subjects [12]. The study subject was requested to
complete perform the knee joint extension motion (the
motion limitation of the device was set on 360°).
The complete knee extension degree was read on the
monitor screen, and the numbers 30, 45, and 60 were
deducted from the number obtained to determine the articular angle reproduction at 30°,45°, and 60° of knee
flexion. For example, if the screen of the monitor shows
a complete angle extension of the knee joint at 180°,
the angles selected for reproduction are 150°, 135°, and
120°, respectively; these are the reconstruction of the
articular angle at the considered angles. First, angles’
reproduction was performed at each angle. Then, the
study participant rested for 5 minutes to prevent fatigue.
This process was repeated 3 times for each angle, and the
mean value of them was recorded in a particular form.

B

Figure 1. A: Start position; B: End of movement
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Next, the study subject was requested to detect the
angles’ active reproduction by bringing the joint to the
target angle and returning the limb to its initial position
(angle: 30°). The patient’s limb was moved at a fixed
speed, and he was requested to announce it after the knee
was brought to the target position. Besides, the study
sample was requested to announce it to the researcher
again when he felt that the leg had reached the initial
angle. At all stages of the test (active and passive), the
patient’s eyes were closed, and the angles were reconstructed actively and passively. The reproduction of the
angles was respectively 30°, 45°, and 60° of knee flexion
to the extension (Figure 1). To passively reproduce the
angles by the subject, the speed of the isokinetic device
was set at 30°/sec [12].
Descriptive and inferential statistics were used in this
research to analyze the collected data. Shapiro-Wilk test

was used to examine the normality of data, and the Independent Samples t-test was used for between-group
comparisons. Moreover, the significance level for this
test was considered at 0.05. SPSS was used to analyze
the obtained data.

3. Results
Demographic data (age, height, weight, and sports history) of the study subjects are presented in Table 1. The present study results revealed that the mean reproduction value
of the 30° angle operated knee was significantly higher
than that of the non-operated knee (P=0.003). There was
no significant difference between the mean scores of 45°
angle reproduction in the non-operated and operated knees
(P=0.99). Additionally, the mean value of the 60° angle reproduction test in the operated knee was significantly lower than that of the non-operated knee (P=0.01) (Table 2).

Table 1. Mean and standard deviation scores of the study subjects’ demographic data
Characteristic

Age (y)

Height (m)

Weight (kg)

Body Mass Index

Sports History (y)

Mean±SD

25.7±2.71

1.82±6.16

77.30±7.78

23.15±1.6

8.25±3.25

Table 2. Independent Samples t-test data for comparing the knee joint position sense between non-operated and operated
knees in the study samples
Angel
Differences between operated & nonoperated knees

30

45

60

Group

Mean±SD

Non-operated knee

30.59±1.70

Operated knee

32.84±2.67

Non-operated

45.50±1.85

Operated

45.50±2.81

Non-operated

60.61±1.21

Operated

58.86±2.77

t

df

Sig.

-3.77

38

0.003

-0.02

38

0.99

2.58

38

0.01

Table 3. Independent Samples t-test results for comparing the knee joint position sense between active and passive angle reproduction in the operated knee of the study samples
Angel

30
Operated Knee

45

60

44

Group

Mean±SD

Active reproduction

32.84±2.67

Passive reproduction

27.81±2.65

Active reproduction

45.50±2.81

Passive reproduction

43.31±2.89

Active reproduction

58.86±2.77

Passive reproduction

60.08±3.37

t

df

Sig.

5.98

38

0.001

2.42

38

0.02

-1.24

38

0.22
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In addition, the mean value of a passive reproduction
angle test was significantly higher than that of the operated knee at a 30° angle (P=0.001). The difference
between the results of passive and active reproduction
operated knee tests were significant at a 45° angle; the
study subjects demonstrated a higher mean score in the
passive reproduction of this angle (P=0.02). There was
no significant difference between the test results at a 60°
angle in the active and passive reproduction in the operated knee (P=0.22) (Table 3).
Discussion The present research aimed to evaluate the
knee joint position sense in the non-operated and operated knees of elite soccer players after the reconstruction
of the anterior cruciate ligament. The relevant results revealed a significant difference in the sense of the joint
position of the non-operated and operated knees as well
as active and passive reproduction tests at some angles.
Some studies reported a reduction in proprioception and
instability in lower limb joints after an ACL injury. In
this regard, Zhang et al. reported that ACL injury reduced the number of proprioception receptors in monkeys, and ultimately, decreased proprioception in them
[13]. Moreover, Relph et al. reviewed the studies on reduced proprioception after an ACL injury [14].
They reported a reduction in proprioception following
ACL ligament injury. The current study results indicated
that the sense of knee joint position of the operated knee
was weaker than that of the non-operated knee in elite
soccer players after the reconstruction of the ACL. In
this regard, Muaidi et al. examined the knee joint proprioception three months after rebuilding the ACL using
a single-cut technique with auto-graft of 4-string hamstring tendon in 15 athlete soccer players and skiers with
a one-sided tear of the anterior cruciate ligament [15].
They concluded that knee joint proprioception had improved 3 months after rebuilding. Their results are inconsistent with those of the present study. A reason for such
inconsistency might be the difference in the time of measurement of knee joint proprioception after reconstruction;
the knee joint proprioception was measured three months
after the reconstruction in the mentioned study. However,
it was measured 6-12 months after the reconstruction in
this study. Another reason for this discrepancy might be
the differences in statistical samples and the different levels of activity in the subjects of these two studies [15].
Yosmaoglu et al. examined the knee joint proprioception after rebuilding ACL using a hamstring graft
in patients with a torn ligament [16]. They revealed no
significant improvement in knee joint proprioception 12

months after the reconstruction. These results are consistent with those of the current study. In contrast, a review
study by Nakamae et al. suggested no evidence on a difference between the proprioception of the injured group
and ACL tear after reconstruction and the non-injured
group [17]. Besides, Kaya et al., assessed the effect of
knee ACL reconstruction on improving the knee joint
proprioception of individuals with a torn ligament [18].
Their results provided contradictory evidence on the effect of the reconstruction of a cruciate ligament on improving knee joints. In these studies, the surgical method
was mainly hamstring tendon transplantation or patella
tendon transplantation.
Moreover, the time to examine the knee position has
been reported 3-6 months in most of these studies. Postoperative time seems to be a key factor involved in improving the sense of joint position in people with ACL
tear; the best time to increase the mechanical stability of
the ligament and to improve the knee joint position sense
has been reported to be 3-6 months [18]. ACL directs the
knee movement during non-physiological movements.
After the cruciate ligament injury, only a few receptors
remain within the articular capsule; such a reduction in
the number of receptors results in joint laxity.
After reconstructing, some of the mechanoreceptors
improved by restoring mechanical stability, resulting
in reduced joint laxity, especially in the more extensive
range of physiological movements. However, it fails to
resolve this defect completely [19]. Furthermore, according to the phenomenon of remove afferent, spinal
reflexes lead to motor nerves and muscular spindles, as
well as cortical pathways, i.e., necessary for the conscious and unconscious recognition of proprioception
and the sense of joint movement; removing afferent were
disrupted following ligament tear and the feedback and
the feedforward control was disturbed, and this defect
was not compensated even after reconstruction [20].
Muscle receptors, such as muscle spindles and Golgi
apparatus, could significantly affect the proprioception.
With ACL injury, the lack of afferent information from
ACL mechanoreceptors leads to a weaker balance [21].
In this regard, coaches are recommended to gain the
required knowledge on the importance and the role of
joint position sense, implement the knee joint position
sense exercises to improve the joint position sense, and
use follow-up exercises to maintain the effectiveness of
these exercises.
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4. Conclusion
The obtained data revealed that the knee joint position
sense of the operated knee joint, compared to the nonoperated knee in elite soccer players, along with the reconstruction of the ACL, was weaker than those of the
non-operated knee.
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