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Abstract: Objective: The current study aimed to investigate the effects of core-stability training on gait improvement
in patients after anterior cruciate ligament (ACL) reconstruction. Methods: A total of 74 male patients with injured
anterior cruciate ligaments of the unilateral knee joint were included and randomized into group A and group B, with
37 patients in each group. Patients in group A practiced regular rehabilitation exercise following anterior cruciate
ligament reconstruction. Patients in group B received additional core-stability training. Kinematic characteristics of
unilateral knee joints in patients were determined six months later with the use of a 3D gait analyzer. Measures
included gait space parameters (cadence, stride length, and gait speed), gait time parameters (gait cycle, stance-
phase and swing-phase times on the normal side and affected side), knee range of motion, and peak reaction force
of joints. Knee joint function was evaluated with the use of Lysholm scores. Results: The two groups showed no
significant differences in age, height, body mass index, duration of disease, smoking history, drinking history, cause
of injury, and postoperative training times (all P>0.05). Compared with before treatment, cadence, stride lengths,
and gait speeds of the two groups were significantly increased (P<0.05). Stride width was significantly decreased
after treatment (P<0.05). After treatment, cadence, stride lengths, and gait speeds were higher in group B than in
group A (all P<0.05). Stride widths in group B were shorter than in group A (P<0.05). Gait cycle, along with stance-
phase and swing-phase times on the normal side and affected side, in group B were better than those in group A
(all P<0.05). From the first month to the sixth month after core-stability training, the active knee flexion angles and
passive knee flexion angles of patients in group B were higher than those in group A (all P<0.05). Peak reaction
forces of the three joints (hip, knee, and ankle) of patients in group B were higher than those in group A (all P<0.05).
Lysholm scores of group B were significantly higher than those of group A (P<0.05). Conclusion: Core-stability train-
ing enables patients undergoing anterior cruciate ligament reconstruction to have significantly better gait patterns
and higher abilities of body balance and coordination, with good clinical significance.
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Introduction contribute to the retrogression of knee joint

function, posing a direct effect on the daily life

Anterior cruciate ligaments (ACL) are important
structures in maintaining the stability of the
knee joint. They connect the femur and the tibia
to prevent the tibia from excessively shifting
forward. ACL tears or complete tears are ACL
injuries. The causes of ACL injury are diverse,
mainly including improper sports, industrial
accidents, and traffic accidents. Of these, ACL
injuries caused by sports account for 34.9%.
Industrial accidents account for 30.2%. Traffic
accidents account for 28.6% and others ac-
count for 6.3% [1]. ACL injuries may cause dys-
function of the knee joint, induce intermittent
injuries of other joint cartilages or tissues, and

and motion of patients [2]. At present, ACL inju-
ries can be cured, to some extent, with clinical
treatment. However, ACL patients are prone to
knee osteoarthritis. The nerve reflex function
cannot be effectively restored, thereby leading
to the degeneration of the knee joint and occur-
rence of osteoarthritis [3]. Studies have found
that, although ACL reconstruction partially re-
stores knee stability, maximum knee angles
and maximum knee flexion of patients do not
improve significantly [4]. Other studies have
found that patients with ACL injuries undergo-
ing normal rehabilitation training had a longer
joint-recovery time. Some patients may develop
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muscle atrophy, osteoarthritis, and other adv-
erse symptoms [5].

Core-stability training refers to training the st-
rength and balance of the core muscles of the
human body to effectively resist external loads
exerted on the body trunk, maintain the entire
spine posture, and to enhance the coordination
and stability of limb mobility [6]. Some studies
have found that core fatigue can cause the
knee joint to be at a high-tension state, result-
ing in ACL damage. Core-stability training can
improve core anti-fatigue ability, leading to bet-
ter movement of the lower limbs [7]. The cur-
rent study explored the effects of core-stability
training on gait improvement in patients under-
going ACL reconstruction, aiming to propose
new ideas for rehabilitation treatment.

Materials and methods
Patient data

This study was approved by the Ethics Com-
mittee of the First People’s Hospital of Yunnan
Province and informed consent was obtained
from all patients. A total of 74 male patients
treated in the First People’s Hospital of Yunnan
Province, from March 2017 to April 2018, were
selected. Subjects were diagnosed with ACL
injuries, according to the 2015 American Ac-
ademy of Orthopedic Surgeons Guidelines for
diagnosis and treatment of ACL injuries (all
patients underwent knee MRIs, anterior drawer
tests, axial shift tests, and Lachman tests for
positive screening). After ACL reconstruction,
patients were randomized into group A (n=37)
and group B (n=37) using the random number
table method. Group A practiced rehabilitation
exercises after regular ACL reconstruction, wh-
ile group B practiced additional core-stability
training.

Inclusion criteria: (1) All patients were males,
18-40 years of age, diagnosed with ACL injury
of the unilateral knee joint with the use of clini-
cal examination and MRI; (2) Patients experi-
enced arthroscopic diagnosis and parallel re-
construction of ipsilateral autologous hams-
tring tendon; and (3) Patients with complete
basic clinical information.

Exclusion criteria: (1) Patients with collateral
ligament injury; (2) Patients with muscle injury
in the waist, upper limbs, and back; (3) Patients
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with ACL injuries that remained for more than 3
months; and (4) Patients with serious diseases,
such as heart disease, cancer, and vital organ
failure.

Exercise after ACL reconstruction

For patients in group A, routine rehabilitation
training included muscle strength and endur-
ance training of the lower limbs and standing
balance training [3]. The second day after the
operation, the patients could walk with double
crutches. However, the affected limbs with ACL
injuries were unable to support weight. When
resting, the patients needed to use a brace to
fix the knee joint. The knee joint was fully
extended in a straight line and the patients
started straight leg raising exercises. One mo-
nth after the operation, the patients could per-
form passive extension and active flexion of the
knee joint. According to patient conditions, the
flexion angle was gradually increased to 120°,
when the patients could perform non-weight-
bearing joint flexion exercise. Patient-rehabi-
litation training must gradually increase the
intensity of muscle exercise. Patients practiced
this set of exercises 1 hour every day for 6 con-
secutive months. Patients in group B under-
went core-stability training in addition to rou-
tine training [6], including the following: (1)
Transversus abdominis and multifidus muscle
contraction exercises: Patients were in the
supine position to inhale deeply and to relax
the abdominal muscles. They exhaled slowly to
contract the abdomen as much as possible for
10 seconds, repeating 20 times; (2) Body trunk
control training: Patients in the supine position
extended the scapula while moving abdominal
muscles and bending the knee for oblique
abdominal exercises. Patients in the sitting
stance moved the body forward and backward
and to perform body flexion movement. Patients
in the standing position moved the body trunk
slantwise forward and returned to the upright
position. This was repeated 20 times. Patients
then moved the body trunk tilted back and
returned to the upright position. This was
repeated 20 times. Patients practiced this set
of exercises 1 hour every day for six consecu-
tive months.

Computer-aided 3D gait analysis system for
comparison of walking parameters

Motion Analysis 3D gait analysis (purchased
from Motion, USA) was used for testing. First,
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Table 1. Basic data

Group Group A (n=37) Group B (n=37) t/x? P
Age (year) 27.6+£2.4 26.5+3.1 1.707 0.092
Height (cm) 168.41+8.26 165.82+7.62 1.402 0.165
Body mass index (kg/m?) 24.18+2.37 24.87+2.43 1.237 0.220
Duration of disease (week) 9.24+0.41 9.12+0.36 1.338 0.185
Smoking history (n, %) 23 (62.2) 21 (56.8) 0.474 0.636
Alcohol history (n, %) 15 (40.5) 17 (45.9) 0.469 0.639
Causes of injuries (n, %) 0.230 0.632
Improper sports 24 (64.9) 22 (59.5)
Traffic accidents 13 (35.1) 15 (40.5)
Postoperative training time (d) 3.76+0.51 3.87+0.48 0.955 0.343

the sensor that collected the motion data was
respectively bound to the subject’s posterome-
dial sacrum, anteromedial femur, the flat sur-
face of the medial part of the tibia, and to the
flat surface of the foot back. Patients walked
12 m in a straight line, under undisturbed con-
ditions, to determine the kinematic characteris-
tics of the unilateral knee joint, including gait
space parameters (cadence, stride length, st-
ride width, and gait speed), gait time parame-
ters (gait cycle, stance-phase, and swing-phase
time on both the normal side and affected
side), knee range of motion, and peak reaction
force of the joint.

Cadence refers to the number of steps taken
per minute, expressed in step/min. Stride le-
ngth is the distance between the center points
of the two feet after one step, in the unit of cm.
Stride width refers to the distance between the
interior footstep line and the ipsilateral foot-
step line of the neighboring left and right feet
within a footprint cluster, in the unit of cm. Gait
speed is the average gait speed of walking,
measured in cm/s. Gait cycle is the time for the
same foot to heel off the ground and then heel
onto the ground, in the unit of seconds. Stance-
phase time on normal side is the percentage of
the normal side single-foot stance time in the
entire gait cycle, expressed as a percentage.
Swing-phase time on normal side is the per-
centage of time during which the normal side
limbs are in the swing phase in the gait cycle,
expressed as a percentage. Stance-phase time
on affected side is the percentage of the
patients single-foot stance time in the gait
cycle, expressed as a percentage. Swing-phase
time on affected side is the proportion of time
during which the patient’s body is in the swing
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phase in the gait cycle, expressed as a percent-
age, Patient knee joint function was assessed
using Lysholm scores [7]. Data acquisition was
performed using EvaRT motion image acquisi-
tion software.

Statistical analysis

SPSS 19.0 software was employed to analyze
data. Measurement data are presented as me-
an * standard deviation. Comparisons between
groups were processed using independent
sample t-tests, while comparisons before and
after treatment within groups were processed
using paired t-tests. Count data are represent-
ed by number/percentage (n/%) and were pro-
cessed using x? tests. P<0.05 indicates statisti-
cally significant differences.

Results
Basic data

Differences in age, height, body mass index,
duration of disease, smoking history, duration
of alcohol consumption, and postoperative tr-
aining times between the two groups were not
statistically significant (all P>0.05). See Table
1.

Comparison of gait space parameters

Compared with before treatment, cadence, st-
ride lengths, and gait speeds of the two groups
were significantly increased (all P<0.05), while
stride widths significantly decreased after tr-
eatment (P<0.05). After treatment, cadence,
stride lengths, and gait speeds of group A were
41.6+4.5 times/min, 56.1+4.7 cm, and 37.4+
4.3 cm/s, respectively. Cadence, stride lengths,
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Figure 1. Comparison of gait space parameters. "P<0.05, "*P<0.01, ***P<0.001, #*P<0.01, *#*P<0.001.

Table 2. Comparison of gait time parameters

Gro Group A Group B

u

P Before treatment After treatment Before treatment After treatment
Gait cycle (s) 1.56+0.21 1.49+0.17" 1.61+0.18 1.31+0.17"#*

Stance-phase time on affected side (%) 72.41+5.36 65.28+5.28™ 71.67+5.17 59.28+5.12""###
Stance-phase time on normal side (%) 78.62+5.07 73.95+5.16™ 79.42+4.52 68.34+5.51 " ###
Swing-phase time on affected side (%) 29.38+4.29 32.16+4.15" 28.27+3.76 36.09+4.52"##
Swing-phase time on normal side (%) 18.48+3.26 25.34+3.17" 19.42+3.26 31.42+3.27 " ###
Note: Compared with before treatment, “P<0.05, “*P<0.01; compared with group A, #P<0.01, *##P<0.001.

and gait speeds of group B were 52.3+4.8 ti- times, on the normal side and affected side,
mes/min, 63.4+5.7 cm, and 46.5+5.2 cm/s, than group A (all P<0.05). See Table 2.

respectively, indicating that cadence, stride
lengths, and gait speeds were higher in group B
than in group A (all P<0.05). The stride width of
group A was 14.6+1.6 cm, while that of group B
was 11.8+2.1 cm, suggesting that the stride

Comparison of knee range of motion

From the first month to the sixth month, active
knee flexion angles and passive knee flexion
angles of patients in group B were higher than

width of group B was significantly shorter than those of patients in group A (all P<0.05). See
that of group A (P<0.05). See Figure 1. Figure 2.

Comparison of gait time parameters Comparison of joint peak reaction force

After treatment, group B showed better gait To avoid interference of patient body weights
cycle, stance-phase times, and swing-phase with the peak reaction force of joints, the ratio
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Figure 2. Comparison of knee range of motion after training. "P<0.05, *"P<0.01, *"P<0.001.

Table 3. Comparison of joint peak reaction force

does not fully restore the

Group Group A

Group B

dynamic stability of the kn-

Reaction force of hip (N/kg)

49.36+6.18 53.6415.72
Reaction force of knee (N/kg) 46.51+8.26 51.43+7.94
Reaction force of ankle (N/kg) 64.37+6.27 73.42+5.29

t P
3.092 0.002 ee joint, resulting in slower
2612 0.011 recovery of exercise capac-
6.710 <0.001 ity [8, 9]. The ACL contains
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Figure 3. Comparison of Lysholm scores. Compared
with group A, ""P<0.001.

of the peak reaction force to the body weight
was adjusted. It was found that the peak reac-
tion forces of the three joints (hip, knee, and
ankle) in group B were all higher than those in
group A (all P<0.05). See Table 3.

Comparison of knee joint function

Lysholm scores in group A and group B were,
respectively, 72.65+5.16 and 83.46+7.41, su-
ggesting that group B demonstrated higher
Lysholm scores than group A (P<0.05). See
Figure 3.

Discussion

ACL injuries have an adverse effect on knee
joint function. However, ACL reconstruction
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mechanical receptors and
has a nerve reflex function.
Injuries not only damage the stability of the
knee joint but also impact nerve function. After
reconstruction, nerve reflex function is not well
restored causing the occurrence of knee joint
degeneration and osteoarthritis [10, 11]. Pa-
mukoff et al. found abnormal gait characteris-
tics in patients with ACL injuries. After ACL
reconstruction, patients treated with conven-
tional rehabilitation showed partial recovery,
but failed to return to normal levels [12]. Some
studies found that core-stability training signifi-
cantly improved the standing balance of pa-
tients with cerebrovascular disorder and hemi-
plegia, as well as improving gait characteristics
[13]. Therefore, investigating core-stability tr-
aining is significant in the improvement of gait
after ACL reconstruction.

Chun et al. believed that core stability played
an important role in regulating the movement
capacity of human limbs. By increasing the
strength of the trunk and hip joints to resist the
stress applied to the spine, core stability could
facilitate the integration and control of the forc-
es of the proximal and distal muscles, better
optimizing the body’s motor function [14]. Gait
speed is an important parameter for evaluation
of gait and can measure the walking ability of
subjects. Cadence represents the stability of
walking and stride width is an indicator that
measures the balance ability of the subjects,
since increases in stride width means weaker
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stability [15, 16]. The current study showed
that, after 6 months of core-stability training,
group B showed higher cadence, stride lengths,
and gait speeds, as well as lower stride widths,
compared to group A. Present results are in line
with existing research findings [17]. Some stud-
ies have found that the balance function and
coordination ability of the lower limbs of pa-
tients that have experienced ACL reconstruc-
tion are not effectively restored. Core-stability
training could improve gait speed, cadence,
and stride length, consistent with the present
study [18]. Results of this study suggest that
core-stability training may contribute to the sta-
bility of the body trunk and promote the coordi-
nated movement of limbs and muscles to
enhance patient gait effects.

According to this study, the proportion of st-
ance-phase times, on both the normal side and
affected side, in group B decreases the gait
cycle, while the swing-phase times on affected
side shortens but increases the proportion of
the gait cycle. Active knee flexion angles and
passive knee flexion angles of patients in group
B were higher than those of patients in group A,
suggesting that core-stability training can pro-
mote the control and contraction of the ventral
muscles of the body trunk and benefit the swing
of affected lower limbs. Peak reaction force of
the joint is an indicator assessing the strength
of a subject during exercise [19]. This study
found that the peak reaction forces of three
joints (hip, knee, and ankle) were higher in
group B than in group A, indicating that group B
patients had better joint mobility. Lysholm sc-
ores are important indicators evaluating knee
joint function. Higher scores indicate better
knee joint ability [20]. After core-stability train-
ing, group B demonstrated significantly higher
Lysholm scores than group A, suggesting that
core-stability training is beneficial in enhancing
knee joint function. Studies have shown that
core-stability training can enhance the body’s
ability to stabilize under non-equilibrium condi-
tions and reduce occurrence of sprains and
falls during exercise [21, 22]. After Saccomanno
et al. performed core-stability training in 17
patients with ACL injuries, dynamic gait indices
in patients were improved, consistent with the
current study [23].

Results of gait analysis are closely related to

the hardware performance of the device and
the exercise habits of subjects. However, the
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number of patients included in this study was
small. Thus, the factors above may have caused
a variance in results. Therefore, more cases are
necessary to obtain more accurate gait-analy-
sis data in further studies.

In conclusion, core-stability training can pro-
mote the improvement of gait characteristics
after ACL reconstruction, as well as improve
patient balance of exercise ability and coordi-
nation ability. It is, therefore, highly significant
and worthy of clinical application.
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