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Abstract 

Purpose  To investigate the changes in 30° and 60° position sense in patients with anterior cruciate ligament (ACL) 
injury at different time points after injury and reconstruction.

Methods  Patients were divided into six groups according to time after ACL injury and reconstruction: group A (ACL 
injury 1.5–6 months), group B (ACL injury 6–12 months), group C (ACL injury > 12 months), group D (postoperative 
ACL reconstruction 1–6 months), group E (postoperative ACL reconstruction > 6 months), and group F consisting 
of 14 healthy adults (control group). The ability of the affected leg to reproduce the same joint position during knee 
flexion was tested using active joint position sense assays to assess proprioception in both the lower extremities 
of the patient or between groups.

Results  Proprioception decreased rapidly during the early stages of ACL injury. Significant difference in the affected 
side at 30° compared to the healthy side (Group A: 4.70 (4.78, 9.00) vs 4.15 (3.35, 6.13), P = 0.03; Group B: 2.90 (0.48, 
4.56) vs 8.30 (4.18, 10.43), P = 0.001; Group E: 6.25 (2.55, 11.60) vs 9.60 (3.90, 12.73), P = 0.009). However, no signifi-
cant differences were detected for a double lower limb contrast of 60° (Group A: 5.1 (1.00, 8.00) vs 3.00 (0.75, 3.55), 
P = 0.044). Finally, the affected side of patients in groups C, D and E had significant differences in position perception 
at 30° compared with healthy subjects (P < 0.01), and the affected side of patients in groups C and E had significant 
differences in position sense at 60° compared with healthy subjects (P < 0.01).

Conclusion  ACL injury had a greater impact on the patient’s 30° position sense, with only a small impact for 60°. 
Further, the early and middle proprioception recovery stages after ACL injury were the best before surgery. Finally, 
proprioception recovery training should be performed soon after injury.
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Introduction
The anterior cruciate ligament (ACL) plays a major role 
in maintaining knee-joint stability by contributing to 
both the functionality and mechanical congruence of 
the lateral and medial tibiofemoral joints [1]. ACL injury 
is one of the most common sports injuries [2, 3]. Cur-
rently, most researchers believe that anterior cruciate 
ligament reconstruction (ACLR) is the best treatment 
method for ACL injuries. However, a rate of second-
ary ACL injuries of up to 30% has been reported in the 
15 years after reconstruction [4]. This may be related to 
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ACL proprioception. As ACL injury damages the stability 
of the knee joint, loss of proprioceptive function affects 
the range of motion and stability of the joint, leading 
to injury of the articular cartilage, meniscus, and other 
important structures, as well as secondary traumatic 
osteoarthritis, seriously affecting the function of the knee 
joint [5].

In addition to its function as a knee stabilizer, the ACL 
also has proprioceptive functions [6, 7]. Propriocep-
tion, the sensory modality responsible for the sensation 
of joint motion and position, plays a crucial role in the 
control of arc and normal joint performance by the affer-
ent–efferent neuromuscular system [8]. Proprioceptive 
receptors in the muscles, skin, and joints convey affer-
ent sensorial information to the brain, including tension, 
force, force movement, and position [9]. The ACL is an 
important structure responsible for knee proprioception 
[10]. Papalia et  al. [11] believed that ACL injuries may 
lead to alterations in knee stability, not only due to bio-
mechanical changes caused by ligament deficiency, but 
also due to proprioceptive changes caused by the knee 
structure. As such, an intact ACL is critical for providing 
both static and dynamic stability to the knee, as well as 
proprioceptive regulation of the knee joint [12].

ACL injury leads to knee dysfunction, primar-
ily because the number of proprioceptors on the ACL 
decreases, tissue destruction around the knee joint 
causes abnormal proprioceptive afferents, and the knee 
joint cannot perceive joint location and transmit motor 
sensation signals [13]. As ligament injuries are difficult 
to heal, most patients choose ACLR after ACL injury 
to restore knee biomechanical stability [14]. However, 
patients still have deficits in proprioception and often 
experience symptoms such as knee instability, slow reac-
tion time, dynamic balance control, and decreased coor-
dination after ACL reconstruction [15]. This can lead 
to a loss of motor control acuity such that there will 
be a decline in overall stability of the knee joint, joint 
movement coordination, balance, and flexibility. It is 
widely accepted that ACL injury impairs neuromuscular 

control and proprioceptive acuity of the knee joint [16]. 
As such, proprioceptive acuity testing of the knee joints 
is common.

Hohmann et  al. [17] believed that knee flexion motor 
sensation is provided by mechanoreceptors in ligament 
around the knee joint, the ACL is considered to be the 
primary driver with knee flexion function. As such, it 
is reasonable to infer that knee flexion can examine the 
ACL proprioceptive situation. Among the proprioceptive 
senses, joint position sense (JPS) is one of the most com-
monly tested, typically involving passive or active repro-
duction of joint angles with a confounding sense of vision 
occluded [18].Thus, in the present study, we performed 
bilateral lower limb active knee 30° and 60° position 
perception testing by synchronously recording patients 
with ACL injuries [19–21]. We further analyzed the dif-
ferences in proprioception after ACL injury between the 
affected and healthy sides and clarified the characteris-
tics of the proprioceptive changes caused by ACL injury. 
The purpose of this study was to determine whether 
proprioception decreases after unilateral ACL injury by 
exploring the degree of sensory changes at the 30° and 
60° positions, to thereby provide a theoretical basis for 
treatment of ACL injuries, inadequate knee stability, and 
rehabilitation.

Methods
General information
Eighty-four adults with unilateral ACL injuries, ranging 
in age from 18 to 45 years, were recruited for the study 
between October 1, 2021, and August 1, 2022. Patients 
were divided into five groups based on the time since 
injury: group A (preoperative ACL reconstruction, injury 
1.5–6  months), group B (preoperative ACL reconstruc-
tion, injury 6–12  months), group C (preoperative ACL 
reconstruction, injury > 12  months), group D (postop-
erative ACL 1–6  months), and group E (postoperative 
ACL > 6 months). Group F consisted of 14 healthy adults 
(average age: 23  years) and was regarded as the control 
group (Table 1).

Table 1  Classification of characteristics

Classification Group A Group B Group C Group D Group E Group F

N 14 14 14 14 14 14

Gender (F/M) 5/9 9/5 10/4 11/3 10/4 6/8

Age (years) 25.25 ± 11.62 28.0 ± 2.80 32.33 ± 5.66 28.20 ± 7.25 29.35 ± 7.52 22.62 ± 1.29

Weight (kg) 63.63 ± 7.83 68.58 ± 11.87 75.25 ± 12.13 73.03 ± 11.80 78.78 ± 14.83 61.77 ± 9.11

Height (cm) 165.88 ± 9.03 172.83 ± 7.32 172.33 ± 9.10 173.07 ± 7.31 174.95 ± 9.32 168.0 ± 9.78

BMI (kg/m2) 23.12 ± 1.80 23.0 ± 2.55 25.17 ± 1.82 24.34 ± 2.81 25.65 ± 3.07 21.76 ± 2.72

Affected side (L/R) 10/4 7/7 9/5 10/4 6/8 10/4
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Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) MRI show-
ing simple ACL injury with good ligament tissue struc-
ture; (2) no meniscal injury; (3) no presence of internal 
tumors, infection, fracture; (4) no mental illness; (5) no 
unstable vital signs in major organs such as the heart, 
brain, and kidney; (6) no ACL injury secondary to 
immune and metabolic diseases; (7) no severe osteo-
porosis; (8) no venous thrombosis; (9) not pregnant or 
lactating women; (10) informed consent and voluntary 
cooperation of patients; (11) unilateral knee injury.

The exclusion criteria were as follows: (1) Limited 
joint movement prevents accurate testing; (2) patients 
unable to complete evaluation and rehabilitation train-
ing as required.

Knee joint position perception measurement
Joint angle error testing is a viable method to assess 
clinical joint proprioception [22], which can be used 
to accurately determine the position of a specific body 
part in space by measuring the degree of angular devia-
tion from the starting position [23]. Our study assessed 
the proprioceptive state using the Biodex Medical Sys-
tem 4 (Biodex Medical System, New York, NY, USA) 
with eyes closed for JPS using the Active Angle Repro-
duction (AAR) technique [24] (Fig.  1). The outcome 
variables were measured in the following four trials: (1) 
measurement of affected side 30°; (2) measurement of 
unaffected side 30°; (3) measurement of affected side 
60°; and (4) measurement of unaffected side 60°. We 
have been trained as orthopedic rehabilitation thera-
pists prior to the start of the trial, and after achieving a 
uniform standard, two senior physicians from the reha-
bilitation assessment team conducted a position per-
ception assessment.

The specific operations were as follows: The knee 
was moved from a 90° flexion starting position pas-
sively to each of the target angles of 30° and 60°. We 
have reminded patients to close their eyes before col-
lecting data. Please patient hold the leg in the 30° knee 
extension and 60° knee extension positions for 10s to 
allow the patient to memorize the position, and was 
then returned to 90° knee flexion. After a pause of 10 s, 
the patient, with the memory of the active knee flexion, 
moves the lower limb in the same way by active con-
tractions and stops when the patient perceives that the 
target angle has been reached. The mean values of the 
six trials were obtained for each patient at each angle 
and used to calculate the difference between the actual 
angle achieved and the target angle [25]. The smaller 
the difference, the better the patient’s perception of the 
position [26].

Statistical methods
The sample size was estimated using the G-power 3.1 
(Heinrich Heine University Düsseldorf, Germany) cal-
culator. Considering a 95% significance level and 80% 
power, we calculated the sample size to be 78. How-
ever, taking into account the potential dropouts of some 
patients or unavailability of data, a total of 90 samples we 
were tested and 84 samples were finally selected. Data 
were processed using SPSS 22.0. Comparisons between 
the patients’ lower limbs were performed using the 
paired t test for normally distributed quantitative vari-
ables, while the Wilcoxon signed-rank sum test was used 
for non-normally distributed quantitative variables. To 
compare the data between groups, two independent sam-
ple t tests were used for those with normal distribution 
and the Wilcoxon rank sum test was used for those with-
out normal distribution. Data plots were obtained using 
GraphPad Prism 8 software.

Results
Comparison of bilateral lower limb position perception 
in patients with ACL injury
The 30° position perception of lower limbs in patients 
with ACL injury was statistically significant (P < 0.05) 
1.5–12  months (Group A and B) after injury, as well as 
6  months (Group E) after reconstruction, Group A has 
poorer position perception on the affected side than on 

Fig. 1  Biodex medical system
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the unaffected side, while Group B and Group E have 
better position perception on the affected side than on 
the unaffected side (Table  2). However, the 60° position 
perception from the lower limbs of patients with ACL 
injury was statistically significant (P < 0.05) only between 
1.5 and 6  months (Group A) after ACL injury, and the 
affected side of group A is worse than the unaffected side 
(Table 3).

Comparison of position perception between groups 
in patients with ACL injury
Comparison of 30° affected side position perception 
between groups
The comparison between 6–12 months after ACL injury 
and > 12 months after ACL injury was statistically signifi-
cant (Group B and C) (P < 0.05), and Group B has a better 
sense of position than Group C. As was the compari-
son between the groups 6–12  months after ACL injury 
and 0–6  months after reconstruction (Group B and D), 
and Group B has a better sense of position than Group 
D (P < 0.05). Statistically significant (P < 0.05) in the ACL 
injury over 12 months group compared to healthy indi-
viduals (Group C and F), and Group C has a worse sense 
of position than Group F. Further, there was a statistically 
significant difference (P < 0.05) between the healthy group 
and the ACL reconstruction group more than 6 months 
after surgery (Group E and F), and Group E has a worse 
sense of position than Group F. A significant difference 
(P < 0.01) was also found between the healthy group and 
the ACL reconstruction group 1–6 months after surgery 

(Group D and F), and Group D has a worse sense of posi-
tion than Group F (Fig. 2a).

Comparison of 30° unaffected side position perception 
between groups
There were statistically significant differences (P < 0.01) 
between the uninjured side and the healthy person 
(Group F) in the three groups with ACL injury greater 
than 12  months (Group C), 0–6  months after ACL 
reconstruction (Group D), and ACL reconstruction 
greater than 6  months (Group E), and the propriocep-
tion of group C, D and E was worse than that of group F 
(Fig. 2b).

Comparison of 60° affected side position perception 
between groups
Only ACL injury longer than 12 months (Group C) and 
ACLR longer than 6  months (Group E) were statisti-
cally significant (P < 0.01) compared with healthy person 
(Group F), and the results showed that groups C and E 
had better proprioception than group F (Fig. 2c).

Comparison of 60° unaffected side position perception 
between groups
A significant difference (P < 0.05) was found between 
healthy and uninjured patients with ACL injury greater 
than 12 months (Group C and F), and the results showed 
that groups C had better proprioception than group F 
(Fig. 2d).

Discussion
We studied the changes in proprioception in patients at 
different times after ACL injury or ACLR. Our research 
found that in the 30° positional sense, the unaffected 
side became progressively worse over time, while posi-
tional sense on the affected side decreased between 1.5 
and 6  months of injury (group A) and improved briefly 
between 6 and 12  months (group B) with professional 
rehabilitation. However, after more than one year of 
injury (group C), the position sense decreases again. In 
terms of overall trends, both the affected and unaffected 
side position sense are in a state of decline. Even after 
ACLR there was no significant improvement, and a con-
tinuous deterioration on the unaffected side. In contrast, 
60° position sense only decreases at the beginning of the 
injury. This indicated that ACL injury has more influ-
ence on patients’ sense of position at 30°, and less influ-
ence on patients’ sense of position at 60°. Indeed, Zhang 
et  al. showed that the perception of 30° position on the 
affected side decreased in the early stage of ACL injury, 
and this phenomenon exacerbated over time [27]. This 
may be because the ACL is stressed more when flexion 
is 30° with quadriceps contractions and less flexion (e.g., 

Table 2  30° position sense test results

Statistical description: Median (interquartile difference)

*P < 0.05, significantly different, **P < 0.01, extremely significantly different

30° affected side 30° unaffected side P value

Group A 4.70 (4.78, 9.00) 4.15 (3.35, 6.13) 0.03*

Group B 2.90 (0.48, 4.56) 8.30 (4.18, 10.43) 0.001**

Group C 9.55 (2.25, 13.78) 8.95 (3.35, 16.48) 0.46

Group D 7.70 (3.85, 12.30) 7.60 (4.10, 12.10) 0.56

Group E 6.25 (2.55, 11.60) 9.60 (3.90, 12.73) 0.009**

Table 3  60° position sense test results

Statistical description: Median (interquartile difference)

*P < 0.05, significantly different

60° affected side 60° unaffected side P value

Group A 5.1 (1.00, 8.00) 3.00 (0.75, 3.55) 0.04*

Group B 4.90 (1.83, 5.90) 1.65 (1.20, 3.98) 0.05

Group C 2.10 (1.00, 4.50) 2.00 (1.38, 3.30) 0.68

Group D 3.60 (1.60, 6.15) 3.1 (1.45, 5.45) 0.30

Group E 2.55 (1.40, 4.50) 3.1 (1.23, 5.08) 0.68
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quadriceps isometric contractions, squats, active knee 
extensions). When flexion is 60°, the stress on the ACL is 
small as the hamstring muscle contracts and the flexion 
degree is large (such as the isometric contraction of the 
hamstring muscle, the 60° or 90° long contraction of the 
femoral quadriceps muscle, and the synergic contraction 
of the quadriceps muscle and the hamstring muscle).

Moreover, we found that the proprioception of the 
affected side was significantly worse than that of the 
unaffected side in the same individual in this study. This 

agrees with a study by Hu [28], which found that knee 
proprioception in the ACL injured knee was significantly 
poorer than in with contralateral unaffected knee of the 
same individual. Several meta-analyses have also con-
cluded that in the same individual, the JPS error of the 
knee on the injured ACL side is significantly larger than 
that on the unaffected side [1, 29]. Although the evi-
dence for ACL injury and JPS defects in the ACLR knee 
is inconclusive, existing studies have demonstrated that 
ACL injury can lead to decreased proprioception on the 

Fig. 2  Comparison of bilateral lower limb position perception in patients with ACL injury
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affected side. This may be because ACL injury can affect 
the balance and coordination of the patient’s movement, 
resulting in decreased motor control, knee stability, coor-
dination, balance, and flexibility, and therefore decreased 
proprioception.

Although several studies have demonstrated better 
proprioception on the healthy side than on the affected 
side after ACL injury or reconstruction, it has also been 
shown that ACL injury not only decreases propriocep-
tion on the affected side, but also affects proprioception 
on the healthy side. Li et al. similarly found that the unaf-
fected side would decline with the decrease in proprio-
ception on the affected side one year after ACL injury 
[30]. Other studies have shown that ACL injury not only 
leads to unilateral proprioception loss, but also to con-
tralateral knee joint proprioception loss [23]. Overall, the 
results of these studies are consistent with our results. 
From the overall trend of our research and the literature, 
it can be said that the position perception of the undam-
aged side decreases with the decrease of the damaged 
side, both at 30° and 60°. Most importantly, decreased 
proprioception on both sides leads to an increased risk of 
secondary injury. Therefore, rehabilitation training after 
ACL injury or reconstruction should take into account 
both sides.

We found that positional awareness improved after 
ACLR compared to preoperative, but did not fully 
recover. And in the long term, the positional sense on 
the affected side gradually improved, while the positional 
sense on the unaffected side gradually deteriorated. 
This suggests that although ACLR is one of the main 
treatments for ACL injuries, proprioception is not fully 
restored after ACLR, which is consistent with the find-
ings of several previous studies. Young et al. [31] argued 
that ACLR improved clinical motor function, but pro-
prioception did not return to normal compared with 
the state before injury. Staples et  al. [32] showed that 
although ACLR improved postural stability compared 
to preoperatively, proprioceptive deficits in the posterior 
knee of ACLR persisted for up to two years compared 
to the contralateral limb. The study of Nagelli et al. [16] 
indicated that the sensory disturbance caused by ACLR is 
unlikely to completely recover, and that joint efforts may 
be needed to compensate for the loss of ACL mechano-
receptors during rehabilitation. From the trend chart, we 
found that position perception on both the affected and 
unaffected sides deteriorated rapidly after injury, with 
no significant improvement after surgery. From a bilat-
eral comparison, one year after surgery, the affected side 
had improved position perception compared to the unaf-
fected side. This suggests that ACLR does play a role in 
improving proprioception, but does not fully restore ACL 
proprioception to its preoperative state. Proprioceptive 

training after ACLR has further been reported to help 
restore the static and dynamic stable structure of the 
knee joint [13]. Jiang et al. [33] similarly confirmed that 
proprioceptive training was beneficial to improve knee 
function and proprioception after ACLR, which suggests 
that proprioceptive training should be conducted as soon 
as possible after ACLR. Therefore, in order to improve 
the proprioception and knee stability of ACL patients, 
proprioception training should be improved in clini-
cal practice to promote the recovery of proprioception 
function.

Finally, it is worth noting that in our comparison 
between patients with ACL and healthy subjects, we 
found that patients with ACL injury had a better 60° posi-
tion perception than healthy subjects on the same side of 
the lower limb. Although previous studies have shown 
poor 30° position in patients with ACL injury, our cur-
rent data show enhanced 60° position perception. We 
believe that this may have to do with the body’s compen-
satory mechanisms. When the 30° position sensory area 
deteriorated, the 60° position sensory area was compen-
sated and enhanced. But this idea has not been proven 
yet, and further tests are needed to confirm it.

In this study, we only studied the position perception 
at 30° and 60° after ACL injury, and future studies can 
explore the position perception changes at other angles. 
Moreover, our study results show that patients’ 30° posi-
tion sense decreases significantly, while patients’ 60° 
position sense is better than healthy people, and the rea-
sons for this need to be further explored in future studies.

Study limitations
This study had several limitations which should be 
addressed. Firstly, we therefore need a large amount of 
data and long-term studies to further confirm the find-
ings of our study. Moreover, the angle we tested was 
only a reference to previous studies and did not further 
explore other angles of proprioceptive change, which will 
need to be refined in subsequent studies.

Conclusion
In conclusion, this study showed that both the proprio-
ception of the affected and control sides decreased after 
ACL injury, indicating that it is difficult to return to the 
pre-injury state even after ACLR.

Abbreviations
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ACLR	� Anterior cruciate ligament reconstruction
JPS	� Joint position sense
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