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Effect of hip strategy-based motion control training on
walking function restoration after ankle joint injury
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Ankle joint injury is a common sports injury,
encompassing various forms of bone fractures,
dislocations, and ligament damage; such injuries can
cause stiffness, pain, and reduced muscle strength
in the ankle joint, significantly influencing patients’
activity levels.'? If proper rehabilitation is not
applied to ankle injuries, 70% of patients may develop
ankle instability and recurrent wounds, and 20 to 40%
of acute ankle sprains develop into chronic ankle
instability. This is mainly characterized by muscle
weakness, ligament laxity, loss of control, intermittent
pain, recurrent wounds, and decreased function,
which can severely affect the patient’s physical health
and quality of life. Clinical rehabilitation focuses
mainly on the ankle joint after fractures, thereby
neglecting the essential aspect of the injury’s impact
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ABSTRACT

Objectives: The study aimed to explore the effect of hip strategy-
based motion control training on the recovery of walking function
after ankle injury and the optimization of the rehabilitation
program.

Patients and methods: In the study, 62 patients with ankle
injuries were randomly divided into the observation group
(n=30; 24 males, 6 females; mean age: 41.9+8.5 years;
range, 28 to 56 years) and the control group (n=32; 26 males,
6 females; mean age: 42.0+9.3 years; range, 27 to 55 years)
between September 2021 and September 2022. Both groups
were treated using routine rehabilitation training, including
conventional drug and rehabilitation treatment. The observation
group additionally received hip strategy-based motion control
training, which included hip muscle strength training, hip joint
stability control training, balance testing and training system
training, and three-dimensional gait analysis system training
for six weeks. All patients were evaluated before and after the
treatment using the balance function parameters (motion length
and motion ellipse area), Berg Balance Scale, the timed up-and-go
test, and three-dimensional gait analysis system (step length and
step frequency).

Results: There was no significant difference in the evaluation
indexes between the two groups before treatment (p>0.05).
After treatment, the evaluation indexes of the two groups were
significantly better than those before treatment (p<0.05), and all
the indexes in the observation group were significantly better
than those in the control group (p<0.05).

Conclusion: Hip strategy-based motion control training could
significantly improve the recovery of walking function in
patients with ankle injuries.

Keywords: Ankle injury, hip strategy-based motion control training,
rehabilitation program, walking function.

on the overall functionality of the lower limb.F!
When secondary hip dysfunction is not adequately
addressed, patients experience delayed healing times,
subpar rehabilitation results, elevated fall risks, and
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the recurrence of injuries after returning to their
regular activities. These complications not only
increase the burden of treatment for patients but also
traumatize and distress their physical and emotional
well-being ¥ The lower limb is a joint dynamic chain
where the hip, knee, and ankle joints collaborate
to maintain balance and achieve normal gait. It is
noteworthy that distal ankle joint injury can cause
proximal knee and hip joint functions to weaken, and
the reduction of proximal joint function may increase
the likelihood of distal joint damage. This means that
the weakening of proximal joint muscle strength and
the change of motion control ability can affect the
occurrence and progression of lower limb injuries
(e.g., ankle joint injury).” Furthermore, in long-term
clinical practice, it has been observed that after ankle
joint injury, patients often exhibit impaired hip joint
motion control ability and a significant decrease in
hip muscle strength.

The treatment of ankle joint injury is
primarily focused on exercise and proprioception
training of ankle joint muscles,® with few
reports on motion control training of the hip
mechanism.®! Based on training for hip muscle
strength, hip mechanism-based motion control
training primarily refers to training for hip joint
stability control, balance testing, training systems,
and three-dimensional gait analysis systems."”
This series of exercises enhances the flexibility
and stability of the lower limb joints.”! Moreover,
existing research suggests that in the development
of knee injury prevention and treatment programs,
emphasis should be placed on hip motion control
exercises rather than solely on muscle strength
training.® However, the evidence for the application
effectiveness of hip mechanism-based motion
control training remains insufficient. Hence,
this study aimed to investigate the impact of hip
mechanism-based motion control training on the
recovery of walking function after ankle joint
injury. We hypothesized that hip mechanism-based
motion control training can significantly improve
the recovery of walking function in patients with
ankle injuries by enhancing hip muscle strength, hip
joint stability, and overall lower limb functionality.

PATIENTS AND METHODS

In the study, convenience sampling was used to
select 62 patients with ankle joint injuries treated
in the rehabilitation department of the Xuzhou
Central Hospital and Xuzhou Rehabilitation
Hospital between September 2021 and September
2022. According to simple randomization, a random
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number generator was adopted to divide the patients
into two groups, with even numbers assigned
to the control group (n=32; 26 males, 6 females;
mean age: 42.0+9.3 years; range, 28 to 56 years) and
odd numbers assigned to the observation group
(n=30; 24 males, 6 females; mean age: 41.9£8.5 years;
range, 27 to 55 years). The inclusion criteria were as
follows: (i) being aged 18 to 60 years, with a disease
course of six weeks to six months; (ii) fractures or
ligament injuries that had reached clinical healing
standards, with no obvious deformities in the lower
limbs; (iii) unilateral ankle joint injury; (iv) no other
associated injuries; (v) no history of trauma to both
lower limbs. The exclusion criteria were as follows:
(i) the existence of other diseases that cause walking
difficulties; (ii) coexisting significant organ diseases
(e.g., heart, liver, lung, and kidney); (iii) severe
cognitive impairment, pathological fractures,
postoperative infection, or concomitant nerve injury;
(iv) previous standardized rehabilitation treatment
being ineffective after four weeks; (v) inability to
cooperate with the evaluation or treatment. The
elimination and dropout criteria were as follows:
patients who felt unable to complete relevant
evaluations or rehabilitation treatments during the
study or who withdrew for any reason.

Both groups of patients received a comprehensive
rehabilitation treatment using conventional methods,
and the observation group additionally received
the hip mechanism-based motion control training
program.

Conventional comprehensive rehabilitation
treatment methods

Conventional drug treatment has
anti-inflammatory and analgesic properties, reduces
soft tissue swelling, and promotes bone health.”!
Conventional comprehensive rehabilitation treatment
involved joint mobilization and joint traction
techniques, muscle strength and endurance training,
Chinese medicine fumigation, and proprioception
training.”!

In the joint mobilization technique, accurate
and effective treatment methods should be selected
according to the problems (pain or stiffness) and
the degree of joint angle. When pain and stiffness
coexist, level I and II techniques are generally
used to relieve pain first, and then level IIT and IV
techniques are used to improve joint mobility."”! In
the treatment process, it is advised to continuously
inquire about the patient’s feelings and adjust the
intensity of the technique according to feedback.
Each session lasts 20 min, twice per day.
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In the joint traction technique, the traction force
should be smooth according to the fracture and
ligament healing conditions using a sitting or prone
position so that the patient feels a certain degree of
tension or mild pain in the local muscles without
causing reflex muscle spasms. Each session lasts
10 to 20 min, once per day.

Muscle strength and endurance training included
bodyweight resistance training, isometric training,
isotonic training, and muscle endurance training
(isotonic training method, isometric training method).
According to the healing condition, joint condition,
and tolerance to pressure and exercise, appropriate
methods and intensities should be selected and
applied once per day.

Chinese medicine fumigation included atomizing
Chinese herbal medicine solutions, using Chinese
medicine ion penetration therapy of suitable
temperatures, degree of drug, and humidity for ankle
joint injury, relaxing the tendons, promoting blood
circulation, and relieving pain. Each session lasts
20 min, twice per day.

During proprioception training, the patient stands
barefoot on a balance pad, with both feet separated
at shoulder width, and the therapist ensures safety
behind the patient. With knees bent and in a half-squat
position, the patient taps the ball in all directions for
2 min. This is done once per day, six days a week.

Hip mechanism-based motion control training
program

The hip mechanism-based control training
program is visualized in Figures 1 and 2.0
Bodyweight resistance training and progressive
resistance training were utilized for hip muscle
strengthening, in which resistance is placed at the
far end of the limb, in the opposite direction of the
motion, using appropriate and gradually increasing
resistance. Once the patient cannot complete the full
range of joint activity, feels pain in the resistance
area, or experiences compensatory motions, such as
muscle tremors during exercise, the resistance area
should be changed, or the resistance strength should
be reduced (10 times per set, four to six sets per day,
six times per week).

The following training methods were used for
hip joint stability control training: single-handed
kneeling two-point support training, affected side
lying forearm support training, and prone extension
training. During single-handed kneeling two-point
support training, the patient lies in a prone position,
the left upper limb elbows are placed straight, and
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the right lower limb is supported in the hip-knee
position. When the patient’s knee is supported, the
lower-middle part of the calf should be padded
to avoid excessive ankle force. The left lower limb
is flexed at 90°% and the right upper limb is flexed
horizontally, maintained for 10 sec then restored.
Support training is alternated on both sides, and the
action is repeated 10 times as one set, with five sets
completed each time.

FIGURE 1. Visualization of the rehabilitation process.
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FIGURE 2. Walking training schematic.

During affected side lying forearm support
training, the patient lies on the floor, with the
shoulders abducted and the forearms on the ground,
and the affected side calf is supported in the middle
and lower parts with a cushion to avoid force on
the ankle and foot. The patient is instructed to use
force on the hip and waist to straighten the body, the
hip joint is kept in a neutral position, and the body
and the ground form a triangle. This is maintained
for 10 sec then restored, and the action is repeated
10 times as one set, with five sets completed each time.

During prone extension training, the patient lies
in a prone position, the gluteal muscles and back
muscles are tightened, and the chest and legs are
lifted off the ground in a “swallow style.” This is
maintained for 10 sec then restored, and the action is
repeated 10 times as one set, with five sets completed
each time, six times per week.

For the balance testing and training system
training, the balance training mode was selected,
the appropriate level was chosen, and training was
conducted with the patient in an open-eyed state. The
training was started on the flat tablet system before
gradually progressing to the soft pad and being
completed with the eyes closed. This was done once
per day for 15 min, six days per week.
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The three-dimensional gait analysis system
training was conducted using the WALKER VIEW
walking training equipment (TecnoBody, Dalmine
(BG), Italy). In this training method, the patient stands
on the training platform with the therapist standing
beside them. The starting speed is set based on the
patient’s test and training performance, and the
patient is required to walk in the correct posture. The
walking speed is adjusted promptly as the function
improves, simulating different life scenarios. This is
done once per day for 10 to 15 min, six days per week.

Evaluation methods

The same physician used the same assessment
criteria to evaluate the patients before and after six
weeks of rehabilitation treatment in a double-blind
state. This included the balance testing and training
system (motion length and motion ellipse area), the
Berg Balance Scale (BBS)!? the timed up-and-go
test (TUGT),"® and the three-dimensional gait
analysis system (step length and step frequency).
The balance function of the patients was evaluated
using the motion length and motion ellipse area
measured using the balance testing and training
system. The higher the obtained numerical value,
the worse the patient’s body stability and balance,
and the opposite indicated better balance function.
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The BBS score ranges from 0 to 56 points, with a
higher score indicating a better balance function.
A score <40 suggests a risk of falling, while a score
>40 indicates a good balance function. The TUGT
score criteria were as follows: <10 sec, freely mobile;
<20 sec, mostly independent mobility; 20-29 sec,
unstable mobility; >30 sec, mobility impairment.
A three-dimensional gait analyzer was used to
evaluate the patient’s walking ability before and
after treatment by selecting the step length (cm)
and frequency (steps/min). A larger increase in
the measurement results indicated better walking
rhythm and stability, and vice versa.l"l

Statistical analysis

Data were analyzed using IBM SPSS version
19.0 software (IBM Corp., Armonk, NY, USA).
The Shapiro-Wilk test was performed to test the
normality of the measurement data. Measurement
data obeying normal distribution were expressed
as mean + standard deviation (SD). Independent
sample t-tests were used for between-group mean
comparisons, and paired t-tests were used for
within-group mean comparisons. Measurement
data disobeying normal distribution were analyzed
using rank-sum tests, and chi-square tests were
used for categorical data comparisons. A p-value
<0.05 indicated a statistically significant difference.

RESULTS

The control group had a mean disease duration
of 3.5410.51 months, mean joint mobility of
25.5543.33°, 22 ankle fractures, and 10 ankle
ligament injuries. The observation group had a
mean disease duration of 3.50+0.56 months, mean
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joint mobility of 23.20£3.01° 20 ankle fractures, and
10 ankle ligament injuries. There was no significant
difference in the clinical data between the two
groups (p>0.05, Table I).

Evaluation of the balance testing and

training system

After treatment, the observation group’s motion
length and motion ellipse area were 196.20+68.50
(p<0.05) and 169.60+42.62 (p<0.05), respectively.
The control group’s motion length and motion
ellipse area were 271.36£78.09 and 227.36+69.33,
respectively, both of which were longer than those
of the observation group. Furthermore, the motion
length and motion ellipse area of both groups
improved after treatment (p<0.05, Table II).

Berg Balance Scale evaluation

After treatment, the BBS evaluation of the
observation group was 45.10+3.38, which was higher
than that in the control group (40.55£3.67, p<0.05). In
addition, the BBS evaluation of both groups improved
after treatment (p<0.05, Table III).

The timed up-and-go test evaluation

Following treatment, the observation group’s
TUGT evaluation considerably improved compared
to the control group (p<0.05). Additionally, both
groups’ TUGT evaluations were better after treatment
(p<0.05, Table III).

Evaluation of the three-dimensional gait analysis
system

Following treatment, the observation group’s step
length and frequency were both better than those
of the control group (p<0.05). Additionally, both

TABLE |
Baseline characteristics of participants

Observation group (n=30) Control group (n=32)

Variables n MeantSD n Mean+SD » p
Age (year) 41.9+8.5 42.0+£9.3 0.071 0.641
Sex

Male 24 26

Female 6 6
Disease duration (month) 3.50+0.56 3.54+0.51 0.034 0.824
Joint mobility (°) 23.20+3.01 25.55+3.33 1.067 0.137
Type of ankle joint injury 0.031 0.861
Ankle fracture 20 22
Ankle ligament injury 10 10
SD: Standard deviation.
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TABLE Il
Comparison of evaluation indexes of the balance system between the two groups

Observation group (n=30) Control group (n=32)

Variables Mean+SD MeanxSD t p
Motion length (mm)

Before treatment 284.90+82.18 324.55+75.93 1.15 0.27

After treatment 196.20+68.50" 271.36+78.09* 2419  <0.001
Motion elliptic area (mm?)

Before treatment 251.904£62.89 264.55+71.50 0.43 0.67

After treatment 169.60+42.62* 227.36+69.33 9.88 <0.001
SD: Standard deviation; Compared with before treatment, * p<0.05.

TABLE Il
Comparison of evaluation indexes of BBS and TUGT between the two groups

Observation group (n=30) Control group (n=32)

Variables MeantSD MeantSD t P
BBS score

Before treatment 35.00+4.52 33.91+£4.04 0.58 0.566

After treatment 45.10+£3.38* 40.55+3.67* 2.95 0.008
TUGT score

Before treatment 18.22+2.21 16.81+2.26 1.44 0.165

After treatment 10.82+1.49* 12.75+1.86* 21.09 <0.001
SD: Standard deviation; BBS: Berg Balance Scale; TUGT: Time ‘Up and Go’ Test; Compared with before treatment, * p<0.05.

TABLE IV
Comparison of evaluation indexes of step length and step frequency between the two groups
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Observation group (n=30) Control group (n=32)

Variables Mean+SD Mean+SD t p
Step length (cm)

Before treatment 24.04x2.77 23.78+2.31 0.23 0.818

After treatment 34.01£2.99* 30.75+2.24* 27.21 <0.001
Step frequency (step/min)

Before treatment 85.60+6.77 84.09+6.95 0.50 0.621

After treatment 105.20+7.96* 97.64+6.85* 57.77  <0.001
SD: Standard deviation; Compared with before treatment, * p<0.05.

groups’ step frequency increased after treatment
(p<0.05, Table IV).

Adverse reactions

All participants in the experiment had no adverse
reactions, no patients experienced falls or sports
injuries, and all completed the experiment smoothly.

DISCUSSION

The ankle joint serves as a pivot point for motion
and is a significant weight-bearing joint in the

human body. Although this joint is prone to injury,
its stability and flexibility allow the human body
to undertake a variety of motions like standing,
walking, sprinting, and jumping. A reduction in
the body’s ability to balance and coordinate itself
as well as aberrant walking function may result
from the ankle joint’s dysfunction. The ankle,
hip, and stride regulation mechanisms are the
three basic mechanisms the human body uses
to maintain balance. The body relies on the hip
regulation mechanism to maintain stability if the
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ankle regulation mechanism is unable to keep
balance. Therefore, after ankle joint injury, the
hip joint may act as a compensatory regulation
mechanism to maintain balance and allow patients
to perform various functional activities.!"”

Most rehabilitation treatments focus on local
ankle muscle strength training while neglecting the
auxiliary role of hip muscle strength improvement in
lower limb function. In fact, hip joint motion control
plays an important role in the function of the lower
limbs.!'¥ Muscles around the hip joint, also known
as the core muscles, help control body posture and
efficiently transmit muscle strength.['**! The gluteus
medius and contralateral adductor muscles form
the lateral stability system of the hip, while the
gluteus maximus and the paraspinal muscles on the
contralateral trunk form the posterior stability system
of the hip.’! Good hip joint control, particularly of
the gluteus maximus and gluteus medius, provides
important protection for the function of the knee,
ankle, and foot. It maintains stability in the sagittal
and coronal planes during daily activities, effectively
resists external interference, and prevents lower limb
injury.*? This study compared differences in the
improvement of the motion length and elliptical area
of the balance test system between the control group
and the observation group based on conventional
treatment through hip muscle strengthening training
using bodyweight and progressive resistance training
of the hip-surrounding muscles. The observation
group improved more significantly than the control
group, demonstrating how strengthening exercises
for the hip muscles can dramatically speed up the
functional recovery of patients with ankle joint
injuries. Therefore, through hip muscle strength
training, the peak torque of hip adduction and
extension muscles can be significantly increased,
which greatly improves the posture control ability
and ankle function activity of patients.”

As mentioned above, after ankle joint injury, the
hip joint may serve as a compensatory mechanism
to maintain balance and allow patients to complete
various functional activities."! Therefore, stability
control strengthening training of the hip joint can
significantly improve the balance and walking
function of ankle injury patients. This study showed
that after adopting a hip mechanism-based motion
control training program and performing hip joint
stability control strengthening training, the step
length and frequency, BBS score, and TUGT score in
the observation group improved more than that in the
control group. In addition, the hip, knee, and ankle
joints form an integral lower limb kinetic chain, and
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distal ankle joint injury may lead to proximal knee
and hip joint dysfunction. Therefore, ankle joint injury
cannot be viewed as a local injury only. Hass et al.”
stated that therapists should provide patients with an
overall or central treatment plan. Furthermore, ankle
joint injury can cause damage to proprioceptors,
leading to a decrease in balance and coordination
ability, which seriously affects walking function.!
This study emphasizes that improving the overall
lower limb kinetic chain function of the hip, knee,
and ankle joints is beneficial for the comprehensive
recovery of ankle function after injury. It can improve
patient motivation, strengthen hip muscle group
strength and control, train overall lower limb balance
function, improve ankle joint function, and enhance
lower limb stability and flexibility. It can also correct
abnormal gait, improve adaptability to different
scenarios, further improve walking function, reduce
falls, and prevent secondary injuries using a balance
testing and training system and a three-dimensional
gait analysis system.

However, this study has certain limitations.
First, the research participants were selected using
convenience sampling, which may lead to bias.
Second, the small sample size may not represent the
overall picture. Third, the severity of the research
participants’ injuries was not considered, which may
influence the results. Therefore, larger samples and
multicenter studies should be carried out to further
the research.

In conclusion, based on clinical experience
and relevant theories, the existing conventional
rehabilitation program was improved, and a hip
strategy-based motor control training program was
proposed, which significantly improved the walking
function of patients with ankle injuries. This study
suggests that the focus should not only be on the
localization of the ankle joint in rehabilitation as
patients mostly suffer from a significant decrease in
the periprosthetic muscle strength and the ability
of motor control of the hip. Ankle injuries should be
seen from a holistic point of view, and a new model
of rehabilitation should be explored from the view
of the lower limb. This will provide a more effective
and standardized rehabilitation program for patients
with ankle injuries to recover their walking function
and reduce the risk of falls and secondary injuries.
Through walking rehabilitation, the recovery period
can be shortened, the prognosis can be improved,
the incidence of falls and secondary injuries can be
reduced, the cost of treatment can be decreased, and
the quality of life can be increased. Moreover, through
the popularization of the results of this study, healthy
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people will be advised to prevent ankle injuries in
daily activities and sports, which will contribute to
the realization of the national health strategy and the
integration of medicine and sports.
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