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Abstract

Objective To investigate the application effects of Pro-kin balance system com-
bined with isokinetic closed-chain training on functional recovery and knee joint
biomechanics in male basketball athletes after anterior cruciate ligament (ACL)
reconstruction. Methods A total of 588 male basketball athletes who under-
went ACL reconstruction were divided into Pro-kin group (196 cases, receiv-
ing Pro-kin balance system training), closed-chain group (196 cases, receiving
isokinetic closed-chain training), and combined group (196 cases, receiving Pro-
kin balance system combined with isokinetic closed-chain training) using the
random number table method. Gait spatiotemporal parameters, lower limb
muscle strength [extensor peak torque (Text) and flexor peak torque (Tflex),
hamstrings-toquadriceps peak torque ratio (RH/Q)], standing balance stability
[bilateral multiaxis average trajectory error difference (ATED)], range of motion,
and knee function [International Knee Documentation Committee (IKDC) score,
Hospital for Special Surgery (HSS) knee score] were compared among the three
groups before intervention and after 12 weeks of intervention. Results After 12
weeks of intervention, stride length, stride speed, and step length were signif-
icantly greater in the combined group than in the Pro-kin group, which were
significantly greater than in the closed-chain group (P<0.05); Text, Tflex, and
RH/Q were significantly greater in the combined group than in the closed-chain
group, which were significantly greater than in the Pro-kin group (P<0.05);
ATED was significantly lower in the combined group than in the Prokin group,
which was significantly lower than in the closed-chain group (P<0.05); range of
motion was significantly greater in the combined group than in the closed-chain
group and Pro-kin group (P<0.05); HSS and IKDC scores were significantly
higher in the combined group than in the closed-chain group and Pro-kin group
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(P<0.05). Conclusion Compared with single Pro-kin balance system training or
isokinetic closed-chain training, the combined training mode can significantly
improve knee function and range of motion, improve knee joint biomechanics,
and correct abnormal gait and balance stability performance in basketball ath-
letes after ACL reconstruction.

Full Text
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Abstract: Objective To investigate the application effects of Pro-kin balance
system combined with isokinetic closed-chain training on functional recovery
and knee biomechanics in male basketball players following anterior cruciate
ligament (ACL) reconstruction surgery. Methods A total of 588 male basket-
ball athletes who underwent ACL reconstruction were randomly divided into
three groups using a random number table method: the Pro-kin group (196
cases, receiving Pro-kin balance system training), the closed-chain group (196
cases, receiving isokinetic closed-chain training), and the combined group (196
cases, receiving both interventions). Comparisons were made among the three
groups before intervention and after 12 weeks of intervention regarding gait
spatiotemporal parameters, lower limb muscle strength [extensor peak torque
(Text) and flexor peak torque (Tflex), hamstrings-to-quadriceps peak torque ra-
tio (RH/Q)], standing balance stability [bilateral multi-axis average trajectory
error difference (ATED)], joint range of motion, and knee function [Interna-
tional Knee Documentation Committee (IKDC) score and Hospital for Special
Surgery (HSS) score]. Results After 12 weeks of intervention, the combined
group showed significantly greater stride length, walking speed, and step length
compared to the Pro-kin group, which in turn outperformed the closed-chain
group (P < 0.05). The combined group also demonstrated superior Text, Tflex,
and RH/Q values compared to the closed-chain group, which exceeded those
of the Pro-kin group (P < 0.05). ATED values were lowest in the combined
group, followed by the Pro-kin group, with the closed-chain group showing the
highest values (P < 0.05). Joint range of motion was greater in the combined
group than in both the closed-chain and Pro-kin groups (P < 0.05). Similarly,
HSS and IKDC scores were highest in the combined group, followed by the
closed-chain group, then the Pro-kin group (P < 0.05). Conclusion Compared
with single-modality training using either the Pro-kin balance system or isoki-
netic closed-chain training alone, the combined training protocol significantly
improves knee function and joint mobility, enhances knee biomechanics, and
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corrects abnormal gait and balance stability performance in basketball athletes
following ACL reconstruction.

Keywords: isokinetic closed-chain training; Pro-kin balance system; basketball
players; anterior cruciate ligament; anterior cruciate ligament reconstruction

1. Introduction

The anterior cruciate ligament (ACL) is one of the most commonly injured
structures in sports, and basketball—characterized by high-speed movements
and intense physical contact—carries a particularly high risk of ACL injury
[1]. Currently, anterior cruciate ligament reconstruction (ACLR) represents
the primary treatment for ACL injuries. However, postoperative complications
including decreased dynamic knee stability, quadriceps atrophy, proprioceptive
deficits, and altered movement patterns affect 30-40% of athletes upon return
to sport, leading to reduced performance and increased risk of secondary injury.
Research indicates that post-ACLR biomechanical abnormalities primarily man-
ifest as increased coronal plane valgus loading, insufficient sagittal plane flexion
moments, and disrupted hamstring-quadriceps co-contraction patterns during
the gait cycle. These alterations not only impair high-intensity movements such
as cutting, jumping, and sudden stops but may also accelerate articular cartilage
degeneration and increase osteoarthritis risk [2]. While traditional rehabilitation
protocols emphasize muscle strength recovery, they often lack targeted interven-
tions for dynamic stability and neuromuscular control, preventing some athletes
from returning to pre-injury competitive levels.

In recent years, rehabilitation techniques based on neuromuscular control the-
ory have gained increasing attention. The Pro-kin balance system employs dy-
namic unstable surface training to precisely quantify postural control output and
proprioceptive input, facilitating central nervous system readaptation for knee
stability [3-4]. Isokinetic closed-chain training, meanwhile, utilizes multi-joint
coordinated movement patterns that simulate basketball-specific biomechanical
characteristics, enabling coordinated activation of eccentric-concentric muscle
contractions under isokinetic resistance to improve energy transfer efficiency
and lower extremity alignment [5]. However, few studies have examined the
combined effects of Pro-kin balance system and isokinetic closed-chain training
on post-ACLR functional recovery, and most clinical research on postoperative
rehabilitation has focused on non-athletic populations, with relatively limited
investigation of sport-specific protocols for basketball players.

Theoretically, combining these two approaches could overcome the limitations
of single-intervention protocols: the Pro-kin system targets neuromuscular con-
trol deficits through real-time biofeedback to enhance joint position sense, while
closed-chain training progressively remodels tendon-muscle stiffness through in-
cremental loading. Together, they may repair the damaged knee functional
chain from a multi-dimensional “muscle-nerve-bone” perspective. Furthermore,
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basketball players require substantially greater multi-directional dynamic sta-
bility than the general population. Traditional open-chain training lacks inte-
gration of functional movements and fails to meet these athletes’ specific needs.
The combination of closed-chain isokinetic training and balance training could
optimize ground reaction force distribution and knee valgus moment patterns
during jump-landing tasks. Therefore, this study is the first to apply combined
Pro-kin balance system and isokinetic closed-chain training to post-ACLR re-
habilitation in male basketball players, using synchronized isokinetic muscle
strength and three-dimensional motion capture analysis to quantify the inter-
active effects of these two interventions on knee joint kinetics, kinematics, and
muscle activation patterns. Unlike previous studies focusing on single train-
ing modalities, this composite protocol may provide a theoretical foundation
for establishing biomechanical criteria for competitive athletes’ return to sport,
thereby contributing to the development of basketball in China.

1.1 Participants

We selected 588 male basketball athletes who underwent ACL reconstruction
between January 2023 and June 2024. Inclusion criteria: (1) male basket-
ball players; (2) MRI-confirmed ACL injury with one-month postoperative sta-
tus following ACLR; (3) voluntary participation with signed informed consent.
Exclusion criteria: (1) other soft tissue or bone-joint injuries in the lower
extremities; (2) venous thrombosis; (3) posterior cruciate ligament injury; (4)
meniscal injury; (5) secondary ACL injury; (6) severe postoperative infection;
(7) severe cardiopulmonary disease; (8) failure to complete the rehabilitation
training program as scheduled.

All participants were fully informed of potential injury risks during the study
and provided signed informed consent. This study was approved by the Ethics
Committee (Approval No.: HNSD-2025BS-0109). Comparison of baseline char-
acteristics among the three groups showed no statistically significant differences
(P > 0.05), as presented in .

All participants underwent conventional training: (1) ankle pump exercises in
supine position (30 dorsiflexion-plantarflexion cycles per hour) to promote cir-
culation; (2) quadriceps isometric contractions alternating with ankle pumps
(3-second contraction, 3-second relaxation) to maintain muscle fiber strength;
(3) straight leg raises to prevent vastus medialis atrophy; and (4) air cycling
exercises once knee flexion-extension became comfortable. Additional rehabili-
tation protocols were implemented as follows:

1) Pro-kin group: Received Pro-kin balance system training (Balance model,
Tecnobody) [Figure 1: see original paper]. Training progressed from static to
dynamic balance and from hands-supported to hands-behind-back positions to
gradually increase difficulty. The protocol included: (a) static setting: limit
stability test module controlling the center-of-gravity marker on screen for 4
consecutive sets; (b) dynamic training 1: dynamic balance test module with
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screen divided into 4 quadrants, controlling the center-of-gravity marker to re-
main in each quadrant for 30 seconds; (¢) dynamic training 2: dynamic balance
game module controlling character balance in the game. Training frequency:
once daily, 3 times per week for 12 weeks.

2) Closed-chain group: Received isokinetic closed-chain training [Figure 2:
see original paper]| using the BIODEX isokinetic system (USA). Participants
were seated with the affected foot fixed to the pedal, performing isokinetic
flexion-extension exercises from an extended position. Initial testing at 60°/s
was followed by eccentric training torque settings based on results. Training
consisted of: 10 repetitions at 60°/s, 15 repetitions at 120°/s, and 20 repetitions
at 180°/s as one set, with 2 sets performed per session and 3-minute intervals
between sets. Frequency: 3 times per week for 12 weeks.

3) Combined group: Received both Pro-kin balance system and isokinetic
closed-chain training using the same methods and frequencies as the other
groups, with a 30-minute interval between the two training modalities, 3 times
per week for 12 weeks.

1.3 Outcome Measures

ACL injury can cause decreased knee stability and limited joint function, signif-
icantly affecting gait, range of motion, muscle strength, and standing balance
stability. Therefore, this study assessed the following parameters before and
after intervention:

1) Gait spatiotemporal parameters: The P-WALK pressure platform sys-
tem was used to collect stride length, walking speed, and step length during
walking.

2) Isokinetic muscle strength: The HUMAC2009NORM isokinetic dy-
namometer (USA) measured flexor peak torque (Tflex), extensor peak torque
(Text), and hamstrings-to-quadriceps peak torque ratio (RH/Q).

3) Standing balance stability: The PK254 balance test system (Tecnobody,
Canada) assessed bilateral multi-axis average trajectory error (ATE) in standing
position with the healthy limb on the test plate and the affected limb outside,
then calculated the bilateral difference (ATED). Lower ATED values indicate
higher symmetry of dynamic balance between limbs.

4) Joint range of motion: A goniometer measured maximum knee internal ro-
tation, external rotation, and flexion-extension angles, with three measurements
averaged.

5) Knee function: The Hospital for Special Surgery (HSS) score [6] and Inter-
national Knee Documentation Committee (IKDC) score [7] were used. The HSS
score assesses pain (30 points), functional activity (22 points), range of motion
(18 points), quadriceps strength (10 points), flexion deformity (10 points), and
joint stability (10 points), with total scores ranging from 0-100 (higher scores
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indicating better function). The IKDC score comprises 8 ligament examination
items and 10 knee assessment items, also ranging from 0-100.

1.4 Statistical Analysis

SPSS 26.0 was used for data analysis. Count data were expressed as n (%) and
analyzed using 2 tests. Measurement data were expressed as mean + standard
deviation (X + s). One-way ANOVA was used for multi-group comparisons,
with LSD-t tests for pairwise comparisons. P < 0.05 was considered statistically
significant.

2. Results

2.1 Comparison of Gait Spatiotemporal Parameters Among Three
Groups All three groups showed improved gait spatiotemporal parameters
after 12 weeks of intervention. The combined group demonstrated significantly
greater stride length, walking speed, and step length compared to the Pro-kin
group, which in turn outperformed the closed-chain group (P < 0.05), as shown
in .

2.2 Comparison of Lower Limb Muscle Strength Among Three
Groups Lower limb muscle strength increased in all groups after 12 weeks.
The combined group showed significantly higher Text, Tflex, and RH/Q values
compared to the closed-chain group, which exceeded those of the Pro-kin group
(P < 0.05), as presented in .

2.3 Comparison of Standing Balance Stability Among Three Groups
Before intervention, ATED values were (5.62 + 0.82) for the Pro-kin group,
(5.54 + 0.75) for the closed-chain group, and (5.63 4+ 0.83) for the combined
group, with no significant differences (P > 0.05). After 12 weeks, ATED values
decreased to (3.26 + 0.53), (4.13 4 0.48), and (2.32 + 0.41) respectively, with
the combined group showing the lowest values, followed by the Pro-kin group,
then the closed-chain group (P < 0.05).

2.4 Comparison of Joint Range of Motion Among Three Groups All
groups showed increased joint range of motion after 12 weeks. The combined
group demonstrated significantly greater range of motion compared to both the
closed-chain and Pro-kin groups (P < 0.05), while no significant difference was
observed between the latter two groups (P > 0.05), as shown in .

2.5 Comparison of Knee Function Scores Among Three Groups HSS
and IKDC scores increased in all groups after 12 weeks. The combined group
achieved significantly higher scores than both the closed-chain and Pro-kin
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groups (P < 0.05), while no significant difference was found between the closed-
chain and Pro-kin groups (P > 0.05), as presented in .

3. Analysis and Discussion

Currently, post-ACLR rehabilitation in Chinese orthopedics primarily consists
of conventional exercises including straight leg raises, ankle pumps, lateral leg
raises, and static squats. Given the numerous postoperative complications and
functional deficits, as well as basketball players’ urgent need to return to com-
petition, conventional rehabilitation protocols outlined in orthopedic guidelines
no longer meet athletes’ rehabilitation requirements [8]. Therefore, scientifi-
cally designed training programs tailored to the specific postoperative stage are
undoubtedly valuable for athletes’ functional recovery.

The Pro-kin balance training system is a rehabilitation platform for balance
assessment and training that provides comprehensive balance training through
visual feedback. Zhao et al. [9-10] found that visual feedback balance training
improved gait and balance in Parkinson’ s disease and stroke patients. Other
researchers have applied it to post-ACLR patients and observed significant im-
provements in knee function [11]. Isokinetic closed-chain training is a recently
emerging specific exercise method that combines closed-chain characteristics
with constant velocity or resistance, enabling muscle strength training at vari-
ous speeds [12-13]. In recent years, both Pro-kin balance training and isokinetic
closed-chain training have been widely applied after ACL reconstruction, achiev-
ing significant effects in promoting knee function and motor recovery. However,
whether their combination produces synergistic benefits remains unknown.

Moreover, Pro-kin balance training primarily focuses on comprehensive balance
training, while isokinetic closed-chain training emphasizes improving joint sta-
bility, neuromuscular coordination, and muscle strength. This study is the first
to combine these two modalities for post-ACLR rehabilitation in basketball
players to leverage their synergistic effects. The results showed that the com-
bined group achieved superior gait spatiotemporal parameters compared to the
Pro-kin group, which in turn outperformed the closed-chain group (P < 0.05),
demonstrating that the combination of Pro-kin balance system and isokinetic
closed-chain training produces synergistic effects that further improve postoper-
ative gait abnormalities in basketball players.

This improvement can be attributed to several mechanisms. Isokinetic closed-
chain training transforms conventional rotational movements into linear mo-
tions, providing functional knee training while protecting the joint and avoiding
increased shear forces. This effectively stimulates joint proprioceptors to restore
their function. The multi-joint coordinated movement pattern simulates func-
tional basketball movements, promoting balanced force transmission in both
coronal and sagittal planes. Additionally, it enhances hamstring-quadriceps co-
contraction, reducing anterior tibial shear force and ACL re-injury risk, thereby
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improving mechanical symmetry during swing and stance phases [14-15]. The
Pro-kin balance system improves hip-knee-ankle linkage stability during single-
leg stance, reduces mediolateral center of pressure (COP) excursion during gait
cycles, enhances proprioceptive input, decreases knee reaction time, and im-
proves neuromuscular control efficiency during gait initiation [16]. Compared
to single-modality training, the combined approach achieves synergistic adjust-
ments through dynamic balance reconstruction, mechanical chain optimization,
and spatiotemporal parameter modulation, effectively restoring postoperative
gait biomechanics.

The ACL is a crucial ligament connecting the tibia and femur, essential for
normal walking. Although ACLR restores ligament structure and stability, ad-
ditional rehabilitation is required for normal balance stability [17-18]. Stud-
ies show that balance stability is closely related to periarticular muscles and
limb control ability [19]. Therefore, after surgical restoration of ligament struc-
ture and function, this study implemented targeted rehabilitation training. On
one hand, the Pro-kin system monitors COP displacement in real-time, and
combined with multi-joint coordinated movements in closed-chain training, en-
hances lower extremity muscle compensation for COP shifts, reducing postural
sway and improving stability [20-21]. On the other hand, isokinetic closed-
chain training strengthens isometric contraction capacity of hamstrings and
quadriceps, increasing Text and RH/Q to optimize periarticular muscle bal-
ance and reduce anterior tibial translation risk. The multi-joint linkage pattern
in closed-chain training also improves force transmission efficiency during knee
flexion-extension, reducing local stress concentration [22]. Combined with dy-
namic balance stimulation from the Pro-kin system, proprioceptive feedback is
further enhanced, promoting adaptive regulation of ligaments and joint capsules
to abnormal loads and improving stability limit parameters. Our results show-
ing lower ATED values in the combined group confirm that this combination
effectively improves balance stability.

ACL injury reduces muscle activity, causing atrophy—particularly in hamstrings
and quadriceps—which decreases joint stability and increases re-injury risk [23-
24]. TIsokinetic closed-chain training is an effective method for assessing and
training muscle power, endurance, and strength through constant-velocity move-
ments. Shao et al. [25] demonstrated that compared to isokinetic open-chain
exercise, isokinetic closed-chain training more effectively restored balance func-
tion and enhanced lower limb strength in stroke patients with motor disorders.
Our study further revealed that isokinetic closed-chain training significantly im-
proved lower limb strength compared to Pro-kin balance training alone. This oc-
curs because constant-velocity movements under varying loads provide greater
muscle stimulation, promoting strength gains. Repeated contractions at the
same velocity provide adequate stimulation to both slow-twitch and fast-twitch
fibers, enhancing muscle endurance. When combined with the Pro-kin balance
system, patients can apply PNF rhythmic stabilization techniques on the vi-
bration platform, increasing sensory input and activating lower extremity and
core muscle isometric contractions, thereby further strengthening muscles. This
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demonstrates the synergistic effect of combined training on muscle strength im-
provement. Additionally, after 12 weeks of intervention, the combined group
showed superior joint range of motion and HSS/IKDC scores compared to both
other groups (P < 0.05), indicating that the combination of Pro-kin balance sys-
tem and isokinetic closed-chain training offers outstanding benefits for restoring
knee function and mobility in basketball players after ACLR.

4. Conclusion

Compared with single-modality training using either the Pro-kin balance system
or isokinetic closed-chain training alone, the combined training protocol signifi-
cantly improves knee function and joint mobility, enhances knee biomechanics,
and corrects abnormal gait and balance stability performance in basketball ath-
letes after ACL reconstruction, warranting clinical promotion. This study has
limitations, including the lack of long-term follow-up; the sustained effects of
this protocol in long-term rehabilitation require further investigation to contin-
uously refine the approach.
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