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Abstract: Objective: Spastic cerebral palsy is the most common type of cerebral palsy and is characterized by increased
skeletal muscle tone throughout the body, especially in the lower extremities. Long-term muscle spasticity and muscle strength
imbalance can cause different degrees of fixed deformities in the lower extremities of cerebral palsy patients, which can
seriously affect their walking ability and even their daily life. In this study, we will conduct hydrotherapy exercise prescription
rehabilitation training for patients with spastic cerebral palsy aged 20-40 years old and analyze the effect of hydrotherapy
exercise prescription on patients' walking ability using gait analysis system to provide a new idea of treatment for improving
walking ability of cerebral palsy patients. Methods: Thirty-two patients with spastic cerebral palsy admitted to our hospital
from January 2017 to February 2018 were selected as the experimental group, and a walking tank manufactured by HYDRO
PHYSIO, UK, was used to maintain the water temperature at 34-40°C. 32 patients were rehabilitated with hydrotherapy
exercise prescription for 8 weeks, 1 time/day, 20-30 min/time. In the experimental group, gait data were collected in Vicon 3D
gait analysis system after 8 weeks. The gait data of 32 normal subjects in the control group and the gait data of the
experimental group before and after treatment were compared and analyzed to study the effect of hydrotherapy exercise
prescription on the walking ability of patients with spastic cerebral palsy aged 20-40 years. Results: After 8 weeks of treatment,
the patients' gait data in frequency, stride length, stride speed, single support and double support were significantly improved (p
< 0.05). Conclusion Hydrotherapy exercise prescription is effective in the treatment of walking ability in patients with spastic
cerebral palsy and helps patients' lower limb balance and stability, which is worthy of application and promotion.
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1. Introduction

Cerebral palsy (CP) is a group of persistent central non-progressive brain damage in the developing fetus or
disorders of the motor and postural development and  infant [1]. The most common type of cerebral palsy is
restricted movement syndromes that result from  spastic cerebral palsy, in which increased skeletal muscle
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tone in the lower extremities is particularly evident. Due to
prolonged muscle spasticity and muscle imbalance, cerebral
palsy is complicated by varying degrees of fixed
deformities and, in severe cases, bony deformities. The
principles of treatment for spastic cerebral palsy are to
relieve muscle spasm, balance the muscle strength of the
trunk and limbs, correct the contracture of the limbs, and
reestablish the negative gravity line and biomechanical line
of the body [2].

Walking ability is a fundamental and key element in
determining the quality of daily survival of patients with
cerebral palsy, and with age, there is an increasing risk of
reduced walking function in patients with cerebral palsy,
especially in adulthood between the ages of 20 and 40, when
most patients with cerebral palsy will have significantly
reduced walking function [3], and their own limited mobility
will cause more serious consequences in their lives, as well
as bring a heavy burden to their families and society. There
are few studies on hydrotherapy rehabilitation for spastic
cerebral palsy patients in the age group of 20 to 40 years old,
and there are almost no studies on the efficacy of
hydrotherapy exercise prescription in walking ability of
spastic cerebral palsy patients. Therefore, this study uses
hydrotherapy exercise prescription combined with Vicon gait
analysis system to investigate the effect of hydrotherapy
exercise prescription on walking efficacy of patients, aiming
to reduce the social burden and promote the walking ability
of middle-aged cerebral palsy patients The aim of this study
is to reduce the social burden, improve the walking ability of
middle-aged cerebral palsy patients, and provide better
assistance to return to social life.

2. Materials and Methods
2.1. Participants

Table 1. Baseline characteristics of study subjects.

Variable EG (n=32) CG (n=32) t P
Gender (M/F) 24/8 26/6 1.44 0.16
Age 29+6.73 28+6.58 1.71 0.97

Thirty-two patients with spastic cerebral palsy aged 20-40
years which could walk independently for more than 3 m,
including 24 males and eight females, who met the diagnostic
criteria of spastic diplegia in the diagnostic and typing criteria
developed by the National Symposium on Pediatric Cerebral
Palsy from January 2017 to February 2018, were selected at
the Bay Rehabilitation Hospital in Sichuan Province [4].
Inclusion criteria: 1. spastic cerebral palsy patients aged 20-40
years that could walk independently for more than three meters;
2. no cardiopulmonary disorders, no skin breaks, no acute
inflammation and skin diseases, infectious diseases, etc.
(patients had no other diseases affecting hydrotherapy and
walking ability.); 3. no surgical treatment during the
experiment; 4. informed consent of the patients' guardians. The
experiment was divided into a control group and an
experimental group, with 32 patients in each group; the control

group was normal people with sound limbs, and the
experimental group was patients with spastic cerebral palsy.
The numbers of the two groups were the same, and there was
no significant difference in age and sex (P > 0.05).

2.2. Treatment Method

The experimental group was rehabilitated with hydrotherapy
exercise prescription using a walking tank manufactured by
HYDRO PHYSIO, UK. As a hydroelectric physiotherapy
product consists of an exercise room, control system and water
tank and pump system. During the treatment, the room
temperature was maintained at about 27°C; routine
disinfection was performed, and the water temperature was
maintained at 34-40°C (the optimum temperature for body
sensation) [5], and the circulation insulation mode was turned
on to monitor the water temperature changes in real time.
Patients were not allowed to enter the walking tank until they
had put on clean swimming trunks and necessary shoes. The
therapist closes the door after the patient enters the walking
tank and stands normally on the treadmill, starts the
hydrotherapy physical therapy system after the exercise room
is filled with water (approximately 1600 liters), manually or
programmatically selects the patient's desired water depth,
treadmill speed, and water jet resistance, and starts the
hydrotherapy exercise prescription rehabilitation training after
selecting the patient's training program.

Hydrotherapy exercise prescription design: the maximum
load measurement and the maximum speed that the patient
can walk in 6 meters before treatment, and then converted to
the speed of the treadmill for separate treatment. 1. patient
treatment time: once/day, 20 min-30min/time, for 8 weeks; 2.
patient treatment speed: preset treadmill speed: 1-2 weeks
0.2km/h, 3-4 weeks 0.3-0.4km/h, 5-6 weeks 0.5km/h, 7-8
weeks 0.6-0.8km/h. Then according to the measured intensity
corresponding to different treadmill speed; 3. patient
treatment intensity The starting posture of treatment is
normal standing force in the walking trough, and the purpose
of treatment is to improve the mobility of limb joints,
maintain muscle circumference, and prevent muscle atrophy
and joint contracture.

The walking trough is equipped with an emergency stop
button to ensure the safety of the patient's treatment,
handrails on both sides to eliminate the psychological burden,
and the buoyancy of the water to reduce the patient's gravity
and increase the number of walking repetitions. The therapist
will closely observe the patient's condition during the whole
intervention treatment. If the patient has chest tightness,
tightness of breath, dizziness and other discomfort, or
monitors systolic blood pressure <60 mmHg or >140 mmHg,
heart rate >120 beats/min, immediately terminate the
intervention treatment, move the patient out of the walking
trough, lie down to rest, do a good job of insulation measures,
and actively treat symptomatically to ensure the patient's life
safety.

The control group was the gait data collected by 32 normal
people in Vicon gait analysis system for comparative analysis.
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2.3. Efficacy Assessment Index

The Vicon 3D gait analysis system was used to guide the
patients to complete 4 round trips of about 6 meters without
aids in the collection area. The gait data were collected and
processed after the rehabilitation training of hydrotherapy
exercise prescription.

2.4. Statistical Analysis

The gait parameters used in this experiment were all
measures, and the data were expressed as mean and standard
deviation, and the data were analyzed using SPSS22.0
statistical software. A paired t-test was performed, and

P<0.05 was considered statistically different.

3. Results

After the rehabilitation training with hydrotherapy exercise
prescription, the walking parameters of the experimental
group were significantly different from those of the control
group (P < 0.01), and the gait parameters of the experimental
group before and after the treatment were significantly
improved, indicating that the rehabilitation training with
hydrotherapy exercise prescription was effective in
improving the walking efficacy of patients with spastic
cerebral palsy.

Table 2. Comparison of gait parameters between the control group and the experimental group before and after treatment.

Parameters Group Pretest Posttest t P
CG 112.394+6.12
Cadence (steps/min)
EG 80.67+13.03 88.69+19.33 -3.26 0.003
CG 1.19+0.80 = = =
Walking velocity (m/s)
EG 0.56+0.24 0.59+0.25 -2.95 0.006
CG 0.64+0.52 = = =
Step length (m)
EG 0.35+0.13 0.39+0.13 -2.94 0.006
CG 34.39+0.55 = = =
Single support (%)
EG 0.40+0.10 0.46+0.10 -8.4 P<0.001
CG 31.27+1.20 = = =
Double support (%)
EG 0.41+0.30 0.49+0.29 -7.30 P<0.001

4. Discussion

The onset of spastic cerebral palsy is dominated by
damage to cortical motor areas and vertebral bodies. Motor
commands from the brain are not well accomplished due to
hyperactive detrusor reflexes in passive joint movements,
which manifest as motor deficits and abnormal postures with
symptoms such as internal rotation, inversion, and trunk
forward flexion of the upper limbs, knee flexion and internal
rotation, and inversion, internal rotation, crossover, and
arch-back sitting of the lower limbs. The most common
negative manifestations of dysfunction in patients with
cerebral palsy are muscle weakness, loss of selective motor
control, sensory deficits and muscle strength imbalance, and
velocity-dependent increased muscle tone with hyperactive
tendon reflexes, which are characteristic [6]. The spasticity
and walking impairment of the lower extremities are even
more serious to the survival quality of patients; therefore,
reducing the walking dysfunction and improving the walking
ability of patients are issues that rehabilitation workers must
focus on. Spastic cerebral palsy has a higher chance of
acquiring walking ability compared to other types of cerebral
palsy, while the percentage of acrokinetic cerebral palsy
acquiring walking is very low, and involuntary movement
cerebral palsy can hardly acquire walking ability [7], and the
overall motor functions such as walking of hemiplegia and

diplegia are better than those of trigeminal and quadriplegia
in spastic cerebral palsy [8], therefore, the types of cerebral
palsy involved in this study are mainly spastic hemiplegia
and spastic diplegia.

Exercise prescription is a purposeful and planned
exercise method. The rehabilitation physician prescribes the
type, intensity, duration, and frequency of exercise for the
patient based on the health, physical, and cardiovascular
status of the patient based on the examination results, and
suggests precautions to be taken during exercise. For stroke
patients, therapeutic exercise prescription can improve the
excitatory or inhibitory function of the central nervous
system, improve the regulation of the brain and
neurohumoral function, and improve the function of the
nervous system on the organs and systems. The
neurological regulation of organs and systems can help
accelerate the postoperative recovery of patients. Therefore,
scientific and rational exercise using exercise prescription is
an effective treatment modality [9].

The development of rehabilitation medicine is based on the
fundamental goal of better recovery of patients' functions
[10]. Hydrotherapy is widely used to prevent and treat
diseases [11-13], and the Expert Consensus on Hydrotherapy
Rehabilitation Techniques [14], which was jointly prepared
by relevant experts, was developed with reference to the
relevant standards at home and abroad to promote the better
development of aquatic exercise therapy in stroke in China
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[15]. Hydrokinesitherapy is a common rehabilitation method
in hydrotherapy, which makes use of the physical properties
of water to relieve the patient's symptoms and to improve and
treat the disease. Hydrokinesitherapy can greatly alleviate
various symptoms or improve motor functions for patients
with neurological, muscular and skeletal injuries and burn
rehabilitation [16-19]. People use the physical properties of
water for exercise rehabilitation, which can improve muscle
strength and endurance [20-23], increase the range of motion,
restore the control of movement, balance and coordination,
strongly improve the flexibility of the body and promote the
recovery of the body injury [24-28]. In Europe, America and
Japan, aquatic therapy plays an important role in the
rehabilitation therapy system together with music therapy
and recreational therapy and traditional physical therapy,
occupational therapy, speech therapy and psychotherapy
[29-30].

This study combined hydrotherapy and exercise
prescription to develop postoperative rehabilitation training
for stroke patients, an effective combination of an exercise
program and postoperative rehabilitation, aiming to
maximize the utility of both hydrotherapy and exercise
prescription to provide directional guidance and efficacy
enhancement for accelerating postoperative rehabilitation of
patients with spastic cerebral palsy. Hydrotherapy exercise
prescription for patients with spastic cerebral palsy can
enhance the stability and coordination of the ankle, knee, and
hip joints, increase proprioceptive input, and achieve
improved balance and coordination [31-32]. Hydrotherapy
with warm water baths can accelerate patients' blood
circulation, relieve patients'’ muscle spasm, improve
pulmonary function by stimulation of the thorax, and
increase cardiac function by improving the nutritional effect
of the myocardium, allowing recovery of brain function in
patients with spastic cerebral palsy, improve the level of
motor development and spasticity in patients with spastic
central coordination disorders, prevent limb contractures and
deformations, and induce correct posture.

First of all, the physical properties of water allow the
patient to be buoyant in the water, so that the weight is
reduced and the energy consumption of some muscles of the
lower limbs is reduced, the load and the impact of the
ground on the joints are slowed down, so that the treatment
is relatively more energy-saving and relaxing. Secondly, the
water temperature (different temperatures of sequential and
alternating stimulation) also has a great impact on the
therapeutic effect of patients. Thermal stimulation affects
muscle tension and helps to relieve muscle spasm; it also
relieves the pain associated with spasticity, which decreases
as pain diminishes, and a series of neuroendocrine
responses induced by thermal stress, thermal stimulation
promotes the release of adrenocorticotropic hormone,
cortisol, prolactin and growth hormone [33]. Collagen-rich
tissues such as tendons, fascia, and joint capsule are more
extensible with increased thermal stimulation, which
improves the range of motion of joints [34]. Finally,
hydrotherapy has anti-inflammatory and neuroprotective

effects that have been demonstrated in studies of other
diseases [35].

The experimental group underwent aquatic exercise
rehabilitation in a walking tank manufactured by HYDRO
PHYSIO, UK, and the results confirmed that the patients'
walking ability improved with walking speed and lower limb
motor function. Walking speed is a basic indicator of the
level of walking function, which not only reflects walking
stability and independence [36], but is also closely related to
the kinematics and kinetics associated with walking [37].
From Table 2, it can be seen that although there is still a gap
between the gait data of patients and normal people after
treatment, the data after hydrotherapy shows that they are
closer to normal gait; the comparison of gait data of the
experimental group before and after treatment reveals that
there is a significant change in gait data of patients who have
done rehabilitation training with hydrotherapy exercise
prescription, and the difference is significant (P < 0.01)
walking ability can also be visually seen to improve,
indicating that hydrotherapy exercise prescription also This
indicates that the hydrotherapy exercise prescription also
helps the balance and coordination of the lower limbs of
patients with spastic cerebral palsy. The comfort of the
hydrotherapy exercise prescription can also reduce the pain
of spastic cerebral palsy patients, which is easily accepted by
the patients.

5. Conclusion

In conclusion, the hydrotherapy exercise prescription has
improved the gait of spastic cerebral palsy patients and is
worth promoting and applying. However, at present, there is
a lack of research on the mechanism of hydrotherapy
exercise prescription to relieve spasticity, and the clinical
evaluation of spasticity is easily influenced by subjective and
other negative aspects, and there is a lack of unified standard.
Due to the short rehabilitation time of hydrotherapy exercise
prescription and the small sample size of patients with spastic
cerebral palsy, later studies need to further increase the
sample size, increase the clinical observation time of
hydrotherapy exercise prescription, and conduct long-term
observation and deeper research on the efficacy of walking
ability in patients with spastic cerebral palsy aged 20-40
years.

Acknowledgements

This work was supported by the Sichuan Medical
Association medical research youth innovation project NO.
Q17065, the Sichuan Provincial Science and Technology
Department Project NO. 2016jy0236.

References

[1] Zhao Huiling, Li Xiaojie. Research progress in the etiology of
cerebral palsy [J]. Chinese Journal of Rehabilitation Medicine,
2018, 33 (03): 369-373.



64

(2]

[3]

[4]

(8]

(9]

[10]

[11]

[15]

[16]

Li Xiaohua et al.:

Study on the Efficacy of Hydrotherapy Exercise Prescription on Walking Ability of

Patients with Spastic Cerebral Palsy

Zheng B. B., Wang J., Xu G. H.. Advances in the application
of three-dimensional gait analysis system in the field of lower
limb orthopaedic surgery for cerebral palsy [J]. Chinese
contemporary medicine, 2019, 26 (14): 29-31.

Opheim A, Jahnsen R, Olsson E, et al. Walking function, pain,
and fatigue in adults with cerebral palsy: a 7-year fol-low- up
study [J]. Dev Med Child Neurol, 2009, 51 (5): 381-388.

Chen Xiujie, Li Shuchun. Definition, typology and diagnostic
conditions of pediatric cerebral palsy [J]. Chinese Journal of
Physical Medicine and Rehabilitation, 2007, 29 (5): 309.

Jin L, Cong F, Sifeng SH, et al. Comparison of the efficacy of
warm water bath and hot water bath on the limitation of knee
joint movement [J]. Chinese Rehabilitation Theory and
Practice, 2012, 18 (5): 461-462.

Ohata K, Tsuboyama T, Haruta T, et al. Relation
betweenmuscle thickness, spasticity, and activity limitation in
children and adolescents with cerebral palsy [J]. Dev Med
ChildNeurol, 2008, 50 (2): 152-156.

Gao Qunying, Luo Huaying, Lai Xuefeng, et al. Prediction of

walking ability in 100 cases of children with cerebral palsy [J].

China Maternal and Child Health, 2010, 25 (34): 5042-5043.

Zhu JF, Qian LF. The efficacy of exercise prescription in the
functional rehabilitation of upper limbs in stroke patients with
hemiplegia [J]. Journal of Kunming Medical College, 2011,
32 (09): 60-62+67.

Wei Zongyong, Xiao Zhanhong. Study on the feasibility and
effectiveness of physical and mental exercise prescription in
stroke rehabilitation [J]. Chinese and foreign medical research,
2019, 17 (14): 176-178.

Xu M. Y, Liang L. L., Zhang Z. X. Experience sharing of
personalized development of exercise prescription for
cardiopulmonary exercise rehabilitation in stroke patients [J].
Chinese geriatric health medicine, 2018, 16 (01): 6-7.

Shi W, Yang H, Liao YG, et al. Preliminary study of gross
motor function development in children with cerebral palsy at
different levels from 1 to 6 years old [J]. Chinese
Rehabilitation Theory and Practice, 2009, 15 (9): 815-818.

Tang Dan, ed. Practical hydrotherapy techniques [M]. Beijing:
People's Health Publishing House, 2018.16.

Bender T, Z Karagiille, GP Balint, et al. Hydrotherapy,
balneotherapy, and spa treatment in pain management [J].
Rheumatology International, 2005, 25 (3): 220-224.

Wang J, Wang JQ, Wang Yizhao, Fang J, Cong F, Xu Q, Li Y,
Chen Y, Zhang B, Jin L, Zhong HG, Cui Y, Huang Ben, Zeng
XL, Chang Y]J, Liao LIN R, Liao T, Zhai HH, Tan ZZ. Expert
consensus on hydrotherapy rehabilitation techniques [J].
Chinese Journal of Rehabilitation Medicine, 2019, 34 (07):
756760.

Cong F, Cui Y. Chinese evidence-based clinical practice
guidelines for aquatic exercise therapy in stroke (2019 edition)
[J/OL]. Chinese Rehabilitation Theory and Practice: 1-14
[2019-10-21].
http://kns.cnki.net/kcms/detail/11.3759.R.20191008.1447.002.
html.

Hou Xiaohui, Wang Shen. Handbook of aquatic exercise
therapy [M]. Beijing: Huaxia Publishing House, 2017. 2.

[17]

[18]

[19]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Carroll LM, Volpe D, Morris ME, et al. Aquatic exercise
therapy for people with parkinson disease: a randomized
con-trolled trial [J]. Arch Phys Med Rehabil, 2017, 98 (4):
631-638.

Frye SK, Ogonowska-Slodownik A, Geigle PR. Aquatic
exercise for people with spinal cord injury [J]. Arch Phys Med
Rehabil, 2017, 98 (1): 195-197.

Mattos F, Leite N, Pitta A, et al. Effects of aquatic exercise on
muscle strength and functional performance of individuals
with osteoarthritis: a systematic review [J]. RevBras Reumatol
Engl Ed, 2016, 56 (6): 530-542.

Dong R, Wu Y, Xu S, et al. Is aquatic exercise more effective
than land- based exercise for knee osteoarthritis [J]? Medicine
(Baltimore), 2018, 97 (52): e13823.

Bartels EM, Lund H, Hagen KB, et al. Aquatic exercise for the
treatment of knee and hip osteoarthritis [J]. Cochrane
Database Syst Rev, 2016, 7 (4): CD005523.

Heywood S, Mc Clelland J, Mentiplay B, et al
Effectiveness of aquatic exercise in improving lower limb
strength in musculoskeletal conditions: a systematic review
and meta- analysis [J]. Arch Phys Med Rehabil, 2017, 98
(1): 173-186.

Waller B, Ogonowska-Stodownik A, Vitor M, et al. The effect
of aquatic exercise on physical functioning in the older adult:
a systematic review with meta- analysis [J]. Age Ageing, 2016,
45 (5): 593-601.

Bartels EM, Juhl CB, Christensen R, et al. Aquatic exercise
for the treatment of knee and hip osteoarthritis [J]. Cochrane
Database Syst Rev, 2016, 3: CD005523.

Adsett JA, Mudge AM, Morris N, et al. Aquatic exercise
training and stable heart failure: A systematic review and
meta-analysis [J]. Int J Cardiol, 2015, 186: 22-28.

Pires D, Cruz EB, Caeiro C. Aquatic exercise and pain
neurophysiology education versus aquatic exercise alone for
patients with chronic low back pain: a randomized controlled
trial [J]. Clin Rehabil, 2015, 29 (6): 538-547.

Waller B, Ogonowska- Slodownik A, Vitor M, et al. Effect
of therapeutic aquatic exercise on symptoms and function
associated with lower limb osteoarthritis: systematic
review with meta-analysis [J]. Phys Ther, 2014, 94 (10):
1383-1395.

Barker AL, Talevski J, Morello RT, et al. Effectiveness of
aquatic exercise for musculoskeletal conditions: a
meta-analysis [J]. Arch Phys Med Rehabil, 2014, 95 (9):
1776-1786.

Zuo ZQ, Ye S, Liu DN. The principle of the role of
rehabilitation exercises in water and its application [J].
Liaoning Sports Science and Technology, 2008, 30 (3):
40-43.

Lu, C. Y.. Rehabilitation effects of aquatic therapy, its
mechanism of action and its progress [J]. Modem
Rehabilitation, 2001, 5 (8): 22-23.

Li C S, Cui G X, Feng J P, et al. Effect of lower limb power
bicycle exercise on walking ability of stroke patients with
hemiplegia [J]. Chinese Rehabilitation Theory and Practice,
2008, 14 (2): 121-123.



[32]

[33]

[34]

Rehabilitation Science 2021; 6(4): 60-65 65

Wan XK, Gao CH, Ye CM, et al. Effect of MOTOmed training
system on lower limb motor function in hemiplegic patients
with cerebral infarction [J]. Chinese Journal of Physical
Medicine and Rehabilitation, 2009, 31 (7): 503-504.

Kuczera M, Kokot F. [The influence of spa therapy on the
endo-crine system. II. Erythropoietin] [J]. Polskie Archiwum
Medycyny Wewngtrznej, 1996, 95 (1): 21.

Ardi¢ F, Ozgen M, Aybek H, et al. Effects of balneotherapy on
se-rum IL-1, PGE2 and LTB4 levels in fibromyalgia patients.
[J]. Rheumatology International, 2007, 27 (5): 441-446.

[35]

[36]

[37]

Jing LY, Jing LY, Liu M. Correlation between neurological
deficits and inflammatory factors in ischemic stroke [J].
Chinese Medical Science, 2013, 3 (6): 215-216.

Bruijn SM, Millard M, van Gestel L, et al. Gait stabilityin
children with cerebral palsy [J]. Res Dev Disabil, 2013, 34 (5):
1689-1699.

Fox MD, Delp SL. Contributions of muscles and
passivedynamics to swing initiation over a range of walking
speeds [J]. J Biomech, 2010, 43 (8): 1450-1455.



