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Does proprioceptive training improve joint i

function and psychological readiness in patients
after anterior cruciate ligament reconstruction?
A randomized controlled trial
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Abstract

Introduction A decrease in proprioceptive sensation occurs after anterior cruciate ligament reconstruction (ACLR).
However, there is relatively little research on proprioceptive rehabilitation, compared with studies on muscle strength
and range of motion (ROM). The purpose of this study was to assess the effect of supplementing a traditional rehabili-
tation program with proprioceptive training in ACLR patients to improve knee function, psychological readiness, pain
and dynamic balance in the early postoperative period.

Methods This was a randomized, parallel-group, controlled trial in which 48 patients were enrolled in either proprio-
ceptive group (n= 24) or control group (n= 24) from the first week up to 12 th weeks of the operation. Participants

in the control group received a traditional ACLR rehabilitation program, while the proprioceptive group received
additional proprioceptive training in addition to the traditional ACLR rehabilitation program. The outcome measures
included the International Knee Documentation Committee (IKDC), the ACL Return to Sport After Injury scale (ACL-
RSI), the visual analog scale (VAS), and the Y-Balance Test before and after surgery.

Results We found that, at 12 weeks post—surgery, patients in the proprioceptive group had significantly higher IKDC
scores compared to those in the control group (74.8 £4.3 vs 71.6 £5.2, P=0.04). At the 12 th week, the ACL-RSI score
of patients in the proprioceptive group was greater than that of the control group (68.2 £9.2 vs 62.8 +8.2, P=0.04).
TheY balance comprehensive index (YBCI) in the proprioceptive group of patients was greater than that in the con-
trol group (94.5% +3.3% vs 91.5% +4.1%, P=0.01) at 12 weeks after surgery. No statistically significant differences

in the VAS score were found between the two groups.

Conclusions Proprioceptive training is superior to conventional training in terms of knee function, psychological
readiness and dynamic balance 12 weeks after ACL reconstruction surgery, but has no statistically significant effect
on pain.

Trial registration (Chinese Clinical Trial Registry (https://www.chictr.org.cn), No. ChiCTR2400087631, 7/31/2024).
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Introduction

Anterior cruciate ligament (ACL) injury is a prevalent
type of sports injury [1]. ACL reconstruction surgery is
considered the primary treatment. Sport recovery rates
after ACL reconstruction (ACLR) are low with only 31%
recovering at 1 year [2] 41% recovering after 2 years, [3]
and 63% returning to pre-injury performance levels[4].
Experienced surgeons encounter difficulties in optimis-
ing patientsreturn to sport and performance through
surgical techniques. In response to this obstacle, main-
stream rehabilitation strategies primarily emphasise early
functional and activity recovery aimed at muscle strength
[5, 6] and joint mobility [7, 8]. However, research on pro-
prioceptive rehabilitation remains limited compared to
studies focusing on muscle strength and range of motion.

Proprioception is defined as the perception of the
mechanical and spatial state of the body and its mus-
culoskeletal parts [9] and plays a crucial role in joint
stability, posture and motor control. [10] Studies have
shown that despite the restoration of anatomical struc-
ture and dynamic balance after knee surgery, patients
may have impaired proprioception around the joint.
[10-12] Proprioception controls the sense of joint posi-
tion and triggers reflexive contractions of the muscles
around the knee joint, acting as a protective or stabiliz-
ing mechanism[13, 14]. A study mentioned that proprio-
ception is related to the subjective function of the knee
and that patients with symptomatic ACL deficits seem
to have greater deficits than asymptomatic patients[15].
In addition, disturbances in knee mechanics occur both
after non-surgical treatment of the ACL and after ACL
reconstruction.

During movement, proprioception, in combination
with vision and vestibular sensation, transmits body posi-
tion and balance to the centre[15], where it is processed
and acted upon by efferent nerves to regulate muscle tone
and improve joint stability. Proprioception plays a crucial
role in the kinesthetic and static functions of the motor
system, including the perception of joint position, move-
ment, and responsiveness to reflexes and efferent activity,
which are essential components of dynamic balance[16].
With proprioceptive training, knee capsule tone and knee
muscle groups can be increased, resulting in improved
joint stability, mobility, and dynamic balance[17]. Lateral
and backward walking [18] reduces the reliance on vision
for balance and allows patients to make full use of pro-
prioception to increase perception of joint position and
motion, while reducing vestibular sensory intervention.
This allows the central system to become more sensitive
to proprioception, which in turn allows for better regu-
lation of muscle tone and improved efferent activity in
both reflex response circuits and muscle tone regulation
circuits.
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We assert that postoperative rehabilitation of pro-
prioception is equally important for restoring muscle
strength and ROM. Stable joints and improved control
considerably increase patients’confidence during reha-
bilitation. Insufficient focus on proprioception in previ-
ous rehabilitation programs, particularly its impact on
knee stability, can lead to knee dysfunction and hinder
a patient’s ability to return to sports postrehabilitation,
which is especially unacceptable for individuals with high
athletic demands.

We designed a randomised controlled trial with the
purpose of assessing the effect of supplementing a tra-
ditional rehabilitation program with proprioceptive
training in ACLR patients to improve knee function,
psychological readiness, pain and dynamic balance in
the early postoperative period. We hypothesized that
adjunctive proprioceptive training could contribute to
the improvement of knee function, psychological prepar-
edness, pain level, and dynamic balance following ACLR.

Materials and methods

Trial design

This randomized, parallel-group, controlled trial was
conducted from March to June 2024 at the Sports Medi-
cine Department, with plans to enrol 48 patients.

Participants
Inclusion criteria
1. Age: > 18 years old and <50 years old.
2. Diagnosed with ACL injury and scheduled for
reconstruction.
3. Voluntary signing of informed consent.

Exclusion criteria
1. Previous knee surgery.

2. Presence of significant comorbidities affecting limb
control, such as Parkinson’s.

3. Patients with concurrent injuries to the affected knee
(including posterior cruciate ligament, collateral liga-
ment and patellar dislocation).

4. Any deformity or lesion of the ankle, knee or hip
joint.

5. Unwillingness or inability to complete study follow-
up or incomplete follow-up information.

Intervention
The rehabilitation programs for ACLR in both groups are
shown in Table 1.

Control group

The control group received the traditional rehabili-
tation program and were instructed to complete it at
home. 0-2 weeks after surgery, patients were required
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Table 1 Rehabilitation program for ACLR in both groups
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Timing control group

proprioceptive group

0-2 weeks: + Toe-touch weight bearing with elbow crutches

- Brace 0-90 degrees

- Full extension (Avoid hyperextension for 12 weeks)
- Passive and active flexion exercises

- Ice and modalities to reduce pain and inflammation
- Circulation exercises

- Patella mobilisations

- Static quads exercises (But not beyond 0 degrees)

3-5 weeks: - Continue above

- Continue Brace 0-90 degrees (From 3 weeks can remove brace with physio

todo
active-assisted flexion to 110 degrees)

Same as control group

the addition of single-leg 4-way exercises,
walking in a straight line with eyes closed,
walking backwards with eyes open for at least
15 min/d

- Normalise Gait — wean off crutches as pain and quadriceps allow

- Scar massage to prevent adherence
« Full patella mobility

+ Hamstring management - soft tissue techniques/gentle stretching
« Commence ‘Wall push’lsometric quads and hams—in supine with legs at 90

degrees

and feet against wall (gravity eliminates ant tibial translation from quads)

6-12 weeks: - Wean out of brace

- Gradual increase intensity glut/core work (Restore control and balance)

« Active range of movement to 120 degrees

« Gentle hamstrings strengthening exercises (prone knee curls)

the addition of toe drawing in the shape
of an"8", horizontal and backward walking,
and balance board exercises for at least 15
min/d

« Continue swelling control, scar management and patella mobility

to wear braces strictly to protect the knee and actively
complete rehabilitation activities, including patella
mobilization, ankle pump training, and multidirec-
tional straight leg raising. 3-5 weeks after surgery,
patients were asked to continue brace at 0-90 degrees
and increase knee motion by sitting in knee flexion.
6—12 weeks after surgery, patients begin to try to stop
using braces and crutches and undergo gentle ham-
string strengthening exercises (prone knee curls).

Proprioceptive group

In addition to the traditional rehabilitation, patients
in the proprioceptive group also participated in pro-
prioceptive rehabilitation. 0-2 weeks after surgery: no
difference from traditional rehabilitation. 3—5 weeks
after surgery: the addition of single-leg stance for half
a minute, balance reach leg, balance reach arm exer-
cises and bilateral squats 4 times a week, with 3 sets of
15 repetitions each time, and walking backward with
one’s eyes open for at least 15 min per day were per-
formed. 6-12 weeks after surgery: Single-leg stance
and single-leg pelvic bridge on the surgical side for
more than half a minute, balance reach leg and balance
reach arm exercises, single-leg squat and slide skip, 4
times a week, 3 sets each time, 15 repetitions per set,
backward walking, and balance board exercises for at
least 15 min per day were used.

Surgical procedures

Surgery was performed by experienced orthopedic sur-
geons who specialize in arthroscopic knee surgery. All
surgeons used an arthroscopic single-bundle technique
for primary ACLR. The hamstring tendon (HT) was har-
vested with a tendon harvester through an oblique inci-
sion over the pes anserinus and folded into a 4-strand
graft via both the semitendinosus and the gracilis ten-
dons. The femoral tunnel was placed anatomically in the
center of the footprint through an anteromedial portal.
The tibial tunnel was placed anatomically between the
tibial spines at the level of the posterior border of the
anterior horn of the lateral meniscus.

Outcome measures

All measurements were performed by a trained, inde-
pendent researcher who was blinded to the group
assignment. All participants were required to keep their
grouping information confidential during follow-up.

Primary outcome measure

International knee documentation committee

To quantify knee function, participants completed a
knee IKDC (International Knee Documentation Com-
mittee) score, which is used to determine symptoms,
function, and motor activity, before and 12 weeks after
surgery. The 12-week postoperative assessment was cho-
sen as the time point for evaluation, as it allowed for early
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detection, intervention, and treatment of postoperative
complications such as joint stiffness and muscle atrophy.
Scores range from zero (low function) to 100 (high func-
tion) [19, 20]. Previous studies have indicated that the
IKDC has adequate validity and reliability for patients
with knee injuries. Moreover, IKDC scores were the most
frequently reported patient-reported outcome measures
in RCTs after ACLR [21].

Secondary outcome measures

ACL Returns to sport after injury scale

The ACL-RSI scale is used to measure psychological
readiness for return to sport (RTS) [22], and the ques-
tionnaire consists of 12 questions covering key aspects
of RTS: emotions related to return (e.g., fear and frustra-
tion), confidence in athletic performance, and assessment
of risk of serious injury.

Visual analog scale

The VAS score is widely used to evaluate the degree of
postoperative pain. Patients were asked to select their
own pain score on the horizontal axis of 0-100 mm,
with each 10 mm representing 1 point and 0 indicating
“no pain” to 10 points indicating “worst pain imagina-
ble” Resting pain was measured after bed rest for at least
30 min. Pain during activity was measured immediately
after a six-minute walk test.

Y-Balance Test

The Y-Balance Test (Y-BT) is used to assess dynamic bal-
ance in reconstructed and healthy knees. The Y-BT has
been shown to be a reliable measure with the validity of a
dynamic test for predicting the risk of lower limb injuries
and identifying dynamic balance deficits in patients with
a variety of lower limb disorders[23]. Subjects received
verbal instructions and a visual demonstration of the
Y-BT from the same physiotherapist. This test requires
the subject to push the box as far as possible in the ante-
rior, posteromedial, and posterolateral directions while
maintaining a balanced stance on one foot, as shown in
Fig. 1. The patients used Y-BT to conduct six Y-BT prac-
tice trials and three Y-BT measurement trials, and the
average of the three measurements was used for data
analysis. [24] To calculate the composite score, the sum
of the maximum reaches in each of the three directions
was divided by three times the leg length [25, 26].

Statistical analysis

Statistical analysis was conducted via IBM SPSS 27.0 soft-
ware (Chicago, USA) and the threshold of significance
wasp <0.05. The results are reported as the mean +SD
("X +S). Demographic and clinical data were compared
between the control group and proprioceptive group via
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Fig. 1 Y-Balance Test

Pearson’s chi-square test. Intergroup differences were
assessed for significance via independent t tests after
confirming that the data followed a normal distribu-
tion. A power analysis based on IKDC was performed,
and sample size calculations via G*Power 3.1 software
(Heinrich-Heine-Universitiat Diisseldorf, Disseldorf,
Germany) were performed on the basis of the results of
the pre-experiment with an effect size of 1.1. Therefore,
assuming a type 1 error of 5% and a statistical efficacy of
90%, 48 participants were required as the study popula-
tion, accounting for a 20% dropout rate.

Randomization

After the patient met the inclusion and exclusion crite-
ria of the study and agreed to participate, an independent
statistician used a computer-generated random number
sequence to randomly assign each patient to one of the
two treatment options immediately, and the treatment
options used blind codes. The statistician did not know
the patient’s identity or treatment plan throughout the
process.

Ethical considerations

This study involved human participants, and all proce-
dures performed in the study were in accordance with
the Medical Institution Administration Regulation and
conformed with the ethical standards of the National
Research Council and Helsinki Declaration. This study
was approved by the Ethics Committee of The First Affili-
ated Hospital of Fujian Medical University., registration
number MRCTA, ECFAH of FMU]| 2024 | 377. Informed
consent to participate was obtained from all of the par-
ticipants in the study.
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Results
Participant flow
From March to June 2024, a total of 48 patients were
included in this study, 24 in the control group and 24 in
the proprioceptive group. During the follow-up period, 3
participants in the control group and 4 participants in the
proprioceptive group withdrew from the trial. The final
results included a total of 41 patients.

The study flowchart is shown in Fig. 2. The demo-
graphic characteristics are shown in Table 2. The two
groups had similar in demographic characteristics.

Outcome measures

The outcomes preoperatively and postoperatively in
both groups are shown in Table 3. We found that at
week 12 after ACLR surgery, both groups of patients had
improved IKDC scores compared with the preoperative
values. Compared with the control group at 12 weeks
after surgery, the proprioceptive group had higher IKDC
scores (74.8 £4.3 vs 71.6 £5.1, p= 0.04). The difference
between the two groups was statistically significant.
Compared to preoperative, neither the proprioceptive
group nor the control group improved IKDC by more
than the MCID [27] at 3 months postoperatively, but we
found that eight subjects in the proprioceptive group
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Table 2 The demographic characteristics of the patients in both

groups
proprioceptive control group P
group(N=21) (N=20)
Age(year) 28.7 £86 292 +75 0.78
Gender(male/female) 12/9 9/ 044
BMI (kg/m?) 248 £3.7 242 +27 044
Surgical side (left/right) 14/7 11/9 0.89
time between injury 1531 1.7 +£3.7 0.8

and surgery(month)

BMI Body Mass Index

improved individual IKDC by more than the MCID at
3 months postoperatively, whereas the control group did
not.

We found that the ACL-RSI score of patients in the
proprioceptive group was greater than that of the con-
trol group at 12 weeks after surgery (68.2 +9.2 vs 62.8
+8.1, p= 0.04). Compared with the preoperative period,
subjects in the proprioceptive group showed greater
improvement in ACL-RSI than MCID [27]at 3 months
postoperatively, whereas control subjects did not. Com-
pared with the control group, the proprioceptive group

[ Enrollment ]

Assessed for eligibility (n=60)

Excluded (n=12)
_| + Other knee joint injuries (n=7)

"+ With ankle instability(n=4)
+ Declined to participate (n=1)

| Randomized (n=48)

|

L

Y Allocation ) y

Allocated to proprioceptive group (n=24)
+ Received allocated intervention (n= 24)
+ Did not receive allocated intervention (n= 0)

v Follow-Up v

Allocated to control group (n=24)
+ Received allocated intervention (n=24)
+ Did not receive allocated intervention (n=0)

Lost to follow-up (Uncontacted patients) (n=1)

Exit halfway (n=2)

Lost to follow-up (Uncontacted patients) (n=2)

Exit halfway (n=2)

Y Analysis Y

Analysed (n=21)
+ Excluded from analysis (n= 0)

Fig. 2 The study flowchart

Analysed (n=20)
+ Excluded from analysis (n=0)
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Table 3 Outcomes preoperatively and postoperatively in both groups

Preoperative Postoperative

proprioceptive group control group P proprioceptive group control group P
IKDC 689+7.2 69.8+7.3 0.64 748 £4.3 71.6+5.1 0.04*
IKDC changes 59+59 18+52 0.05*
ACL-RSI 57.1+94 56.88 £8.2 0.90 68.2+9.2 62.8£8.1 0.04*
VAS 05+09 0.6+0.7 0.71 03+06 03+05 093
YBCl on surgical leg 83.8% £4.9% 83.7% +3.0% 093 95.5% £3.5% 92.3% £3.8% 0.02*
YBCl on health leg 99.8% +3.8% 98.6% +2.4% 0.19

IKDC International Knee Documentation Committee, ACL-RSI The Anterior Cruciate Ligament-Return to Sport after Injury, VAS Visual Analogue Scale, YBCI Y-balance
composite index = (anterior + posteromedial + posterolateral reach directions)/3* limb length (anterior superior iliac spine to medial malleolus) * 100%; *:P < 0.05

performed better in the Y balance test at 12 weeks post-
surgery (95.5% +3.5% vs 92.3% +3.8%, p= 0.02).

There was no statistically significant difference in the
VAS score between the two groups.

Discussion

The most significant finding of this study is that the
postoperative knee function improvement was signifi-
cantly greater in the proprioceptive group compared
with the control group. We also found that at 12 weeks
postsurgery, the proprioceptive-based training pro-
gram was superior to the control program in improving
patients’IKDC score and psychological readiness, and
dynamic balance as measured by the Y-Balance Test.

The proprioceptive training in this study led to
improvements in knee function, including increased
dynamic balance, improved joint stability and mobility,
and reduced deficits in knee control after ACL recon-
struction. As a result, the improvement in the IKDC
score at the 12-week postoperative test was significantly
greater in the proprioceptive training group than in the
control group. In addition, patients in the proprioceptive
group subjectively reported improved knee control and
demonstrated more confidence in the rehabilitation pro-
cess than the control group. This positive cycle not only
improves knee function and psychological readiness to
return to sport, but also reduces the risk of falls during
the early postoperative period after ACLR.

A previous study [28] confirmed that proprioceptive
rehabilitation training led to improved functional perfor-
mance of the knee compared with ordinary rehabilitation
training. Similarly, our study revealed that proprioceptive
training was beneficial for knee function. However, our
study differed in the aspects that we initiated proprio-
ceptive training at an earlier stage and evaluated patients
earlier as well. This allows patients to improve their joint
function and readiness to return to sports as early as pos-
sible after surgery, potentially reducing financial stress.

In this study, we observed a significant increase in
the ACL-RSI score in the proprioceptive training group
compared to with the control group. Previous studies
have shown that athletes’psychological outlook can sig-
nificantly improve during a training program, and those
who experience improved psychological outlook dur-
ing rehabilitation may also report an increase in func-
tion [29] This finding is consistent with the results of
our study. Additional training programs can further
enhance the patient’s postural control and knee move-
ment ability, allowing for a quicker return to daily activ-
ities and sports [30]. Proper training instruction [31],
supervision, and improvements in knee function, such
as increased perception of joint position and improved
range of motion, can also help alleviate kinesiophobia.

Dynamic balance training, such as the proprioceptive
exercises used in this study, enhances neuromuscular
control, coordination, and proprioception, all of which
are critical for improving balance. These improvements
are directly reflected in Y-BT performance. Several stud-
ies have demonstrated that dynamic balance training sig-
nificantly improves Y-BT scores. For example, Benis et al.
found that a 8-week dynamic balance training program
led to significant increases in all reach directions of the
Y-BT among athletes[32]. Similarly, Wang et al. reported
that improvements in neuromuscular control and bal-
ance, achieved through targeted training, were strongly
associated with better Y-BT performance[33].

In our study, the proprioceptive training group showed
significant improvements in Y-BT scores compared to
the control group. This suggests that the proprioceptive
exercises, which included single-leg stance, balance reach
exercises, and backward walking, effectively enhanced
dynamic balance by improving joint stability and neu-
romuscular control. These findings align with previous
research and further support the use of dynamic balance
training in rehabilitation programs for ACLR patients.

At the 12-week postoperative assessment, those with
a Y-balance composite index greater than 95% (15/41)
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showed improvement compared to before surgery.
The proprioceptive training group (10/21) showed
significant improvement compared with the control
group (5/20) at 12 weeks postsurgery, possibly due to
improved posterior control and knee movement ability
from proprioceptive training.

Furthermore, it is important to consider the effects of
fatigue during rehabilitation, as patients with ACL recon-
struction typically experience a decrease of more than
half in their peak quadriceps torque force [34]. Quadri-
ceps strength is crucial for maintaining balance during
lateral and backward walking [35], as is foot-pressing on
balance boards, which were used in this experiment. Pro-
longed proprioceptive training can lead to fatigue, which
may result in decreased joint stability or even reinjury
from falling [34]. Therefore, in this study, we performed
proprioceptive training before regular training in order
to reduce the potential adverse consequences of postop-
erative rehabilitation.

This study is not without limitations which may have
influenced our findings. The main results of this study
depend on self-reported measurements. Using more
objective measurements might yield slightly different
results. In this study, the Y-BT was used as an assessment
index for dynamic balance, which may also be affected
by muscle strength and ankle ROM. We did not evalu-
ate ankle range of motion in this study and are unable
to comment on the potential influence of ankle motion
in our sample. This may cause some interference to our
results. Participants’physical activity levels were not
included as a key consideration during the study design
process. Physical activity levels may have a potential
impact on study outcomes. Since the time required for
the knee to return to sports is relatively long and the
intervention in this study lasted only three months, it can
only reflect the early stage after ACLR surgery.

Conclusions

In the early postoperative period after ACL reconstruc-
tion, the incorporation of proprioceptive training can
improve knee function, psychological readiness and
dynamic balance for patients.

Abbreviations

ACLR Anterior cruciate ligament reconstruction

IKDC International Knee Documentation Committee
ACL-RSI' ACL Return to Sport After Injury Scale

RTS Return-to-Sport

VAS Visual analog scale

YBCI Y balance comprehensive index
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