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Abstract. Aquatic exercise is an active exercise that make full use of the physical and 

hydrodynamic characteristics of water in a water environment to achieve a similar strength 

increase effect as land training, while avoiding the aggravation of joint stress and muscle 

microdamage caused by repetitive training. It has been widely studied in the field of sports 

rehabilitation and public fitness, while its form is basically presented in the form of aerobic 

exercise or interval training, the aquatic resistance exercises are often ignored by people. Due to 

the influence of the physical characteristics of water, the main form of muscle contraction of 

athletes performing resistance training in water is similar to isokinetic contraction, and the force 

used by practitioners is proportional to the resistance of water, which increases the centrifugal 

load of muscles and greatly reduces the risk of sports injury. In addition to the athletes, aquatic 

resistance exercises also have certain benefits for other clinical diseases. In this paper, the 

application of this training in swimming performance, rheumatoid arthritis, postmenopausal 

osteoporosis and knee osteoarthritis was reviewed in order to improve the clinical understanding 

and promote its rational application. 
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1.  Introduction 

Resistance exercise refers to the body in the process of muscle movement to overcome resistance to 

achieve muscle growth and strength increase, which is considered to be a potential treatment method to 

improve muscle mass, especially type 2 fiber, and also a major way of strength training, it has been 

widely used in rehabilitation and sports medicine, the effect and safety is good. At the same time, as a 

part of comprehensive physical exercise, it can also play a role in preventing and treating chronic 

diseases to a certain extent. The formulation and use of correct and reasonable prescription involves 

different exercise effects, and it is necessary for professional sports people and the general public to 

arrange exercise and exercise reasonably and scientifically. Aquatic resistance exercise is one of them, 

the principle is mainly to combine the buoyancy of water with the anatomical characteristics of people, 

the use of physical methods and human joint movement of different types of training, for balance 

disorders, weight reduction and other land may not offer or difficult to complete the action provides 

feasibility. Meanwhile, compared with running, strength training or resistance training and other land 

training methods, it is also friendly to the bearing capacity of the joints, and the impact force is relatively 
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small, possibly because of the buoyancy of the water. For some elderly people, or disabled people, it is 

relatively safer [1,2].  

At present, there are relatively few research on the application of resistance training in water. This 

paper will focus on the application status of aquatic resistance exercise in different diseases, in order to 

provide some theoretical basis for clinic. 

2.  The effect on swimmer 

In order to perform well in the competition, swimmers need to have strong athletic ability and muscle 

strength. Muscle strength plays a vital role in improving swimming performance, especially the 

propulsion force generated by the resistance of the upper body in the water, and the impact on swimming 

speed cannot be ignored. Resistance training in water is a special quality training for athletes without 

destroying their water sense and technique, which aims to develop the athlete's strength and power 

endurance through added resistance, thereby improving the swimmer's performance. This special 

training way may increase the centrifugal load capacity of the muscles, the body to get this routine 

training cannot achieve the load action stimulus, after a period of time to adapt, and then stimulate, and 

then gradually adapt, repeated stimulation to adapt, and finally will be converted into improved ability 

and performance. 

A number of studies have confirmed the positive effect on swimming performance, the standard 

deviation shows that the effect is different. In studies comparing the resistance suit and the resistance 

parachute, it was found that the improvement in the 50m, 100m and 200m freestyle tests was 3.2%, 

5.1% and 7.5%, respectively, and the standard deviation was 0.32, 0.49 and 0.89, respectively. The 

research on resistance band training shows the same results, both were able to increase athletic 

performance (0.9% to 2.0%) [3]. 

However, this does not mean that swimmers do not need other forms of exercise, land training is also 

a key part, and the order of training before and after the two may have different effects. Some scholars 

have proposed that competitive athletes may benefit more from using both training sequences in one 

training cycle, land-water and water-land [4]. 

3.  The effect on RA 

Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by progressive joint 

destruction resulting in loss of function. The onset age is 40-60 years old; patients often present with 

symptoms such as morning stiffness, swelling, pain, and dysfunction of the joints. At present, the 

progress of clinical treatment of this disease is slow, and the degree of pain still affects the prognosis of 

patients. In addition to the application of anti-rheumatic drugs, non-steroidal anti-inflammatory drugs, 

biological agents, etc., functional exercise may also achieve satisfactory clinical effects, such as 

promoting the body metabolism, enhancing the body physiological function, reducing the pain, and 

restoring the joint function [5]. 

In a controlled study, 71 RA patients were divided into observation group (n=35) and control group 

(n=36) according to the odd-even date of treatment. The control group received routine nursing and joint 

function training. The observation group was given the water resistance training on the basis of the 

control group, training 30 ~ 60 minutes a day, at least 3 days a week. The mean hand grip strength, 

dysfunction, pain, fatigue score and morning stiffness time were compared before and after the 

intervention between the two groups. The results showed that the mean hand grip strength in observation 

group was significantly higher than that of the control group after training (9.32 vs. 8.09). Dysfunction 

(0 vs. 2), pain (2.17 vs. 3.25), fatigue score (3.1 vs. 4.6) and morning stiffness time (10 vs. 15min) were 

significantly lower than those in control group (P<0.05, P< 0.01). Water exercise training may promote 

the secretion of brain endorphins, dopamine, morphine and opioid receptors, and thus play an analgesic 

effect; Resistance exercise may effectively improve the hand grip strength of RA patients, and then 

improve the degree of morning stiffness. Moreover, it is not limited by many conditions such as age, 

place and season, and has good feasibility [2]. 
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4.  The effect on postmenopausal osteoporosis 

With the increase of population aging, osteoporosis has seriously threatened the health of middle-aged 

and elderly people, especially middle-aged and elderly women, and the prevalence of osteoporosis in 

women is 3 times that of men. It is estimated that by 2020, the number of patients in China will increase 

to 286.6 million, the number of hip fractures will reach 1,638,200, and the number of osteoporosis 

patients will rise to 533.3 million by 2050. Accelerated bone loss after menopause is associated with 

estrogen deficiency. There are no obvious symptoms in the early stage of osteoporosis in 

perimenopausal and postmenopausal women. With the progression of the disease, patients will have 

pain, bone deformation, osteoporosis fracture in severe cases, and psychological effects such as anxiety 

and fear may occur. Postmenopausal osteoporosis is the main cause of lumbar and leg pain in 

postmenopausal women and may lead to spinal deformation and vertebral compression fracture. As one 

of the new methods applied to the prevention and treatment of postmenopausal osteoporosis in recent 

years, resistance training may prevent bone loss and enhance bone density by imposing the large 

mechanical load on bones and joints [6,7]. 

A clinical study included 24 postmenopausal patients with osteoporotic low back pain (VAS≥3 

points, an average age of 62.43 years old) and were randomly divided into three groups, A, B and C, 8 

patients in each group. Group A received aquatic resistance exercises, Group B received magnetic 

therapy combined with aquatic resistance exercises, and Group C only received magnetic therapy(25 

min) in lumbosacral area. The specific training content of aquatic resistance exercise :10min pool warm-

up exercise, including hip, knee, ankle, wrist, waist, shoulder and other parts of the activity; 30min water 

training, including warm up walking in water for 5min, upper and lower limb joint activities in water, 

slow walking in water and relaxation activities for 5min. Subjects in group A and Group B were trained 

for a total of 45 minutes each time under the supervision of medical staff, twice a week, for a total of 3 

months. The results showed that the VAS score of the three groups after intervention was significantly 

lower than that before training (P<0.05), and the decrease was more significant in the combined group 

(P<0.01). After intervention, the lumbar anterior flexion, posterior extension and lateral flexion of the 

aquatic resistance exercise group and the combined group were significantly increased compared with 

that before intervention (P<0.05), but the lumbar anterior flexion and posterior extension of the magnetic 

therapy group had no significant difference compared with that before the intervention (P>0.05). After 

the intervention, the bone mineral density and bone mass of the three groups were significantly increased 

(P<0.05); The bone mineral density of combined group was significantly higher than that of magnetic 

therapy group and aquatic resistance exercises group (P<0.05). It is further explained that the 

implementation of water resistance training for postmenopausal patients with osteoporotic low back pain 

is conducive to relieving pain, increasing the range of waist motion and strengthening bone density [8]. 

5.  The effect on KOA 

Knee osteoarthritis (KOA) is a clinically common degenerative joint disease that affects approximately 

20% of the world's population. It is more common in women than men. The main clinical symptoms are 

knee pain and limited activity, and the symptoms gradually worsen with the increase of age, seriously 

affecting the quality of life and health level of patients. At present, KOA has become one of the 

important reasons for the incapacitation of middle-aged and elderly people in China, causing a huge 

burden on the medical and economic health of society. Resistance training is a common exercise therapy 

for relieving KOA, and research reports have confirmed that it can enhance patients' muscle strength, 

improve physical function, and reduce pain in KOA patients [9]. 

A randomized controlled study, 87 postmenopausal women with KOA randomly divided into an 

intervention group (n=44, participating in 48 supervised high-intensity water resistance training sessions 

over a 4-month period) and a control group (n=43, maintaining normal physical activity). The result 

showed that the resistance training significantly reduced fat mass (mean 1.17kg, 95%CI: -2.00~-0.43, 

p=0.002) and increased walking speed (mean 0.046m/s, 95%CI: 0.006~0.086, p=0.002). In the 

intervention group, body composition returned to the normal level after 12 months of follow-up,further 

prove the effectiveness [10]. 
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A systematic review and meta-analysis of 32 randomized controlled studies (n=2200) evaluated the 

clinical efficacy of water training for chronic musculoskeletal disorders for the first time. The results 

found that compared with no exercise intervention, water training can indeed improve patients' pain, 

physical function, and improve patients' quality of life. Subgroup analysis showed that water training 

had significant effect on the treatment of osteoarthritis (SMD=-0.36, p=0.002) [11]. Similar studies have 

also found the relief for KOA pain from water training. While, the specific mechanism needs to be 

further clarified. 

6.  Conclusion 

Functional exercise is a way to prevent and cure some injury diseases and accelerate the recovery of 

limb function through limb movement. Water resistance training is a simple and effective way of home 

exercise rehabilitation, which uses the characteristics of water to allow patients to exercise in water, and 

the treatment method is not limited by age, place, season and other conditions. This exercise is conducive 

to relieving pain in patients with different diseases, improving the dysfunction, increasing the range of 

motion, improving the muscle strength, etc., and thereby improving the quality of life of patients. 

Compared with the traditional land training, this training can reduce the weight of the joint, reduce 

muscle tension, enhance the sense of security, whether it is for competitive athletes or middle-aged and 

elderly people who are inconvenient to go out at home, is one of the better choices. 

After reviewing the literature, it is found that the current application of this training in diseases is not 

very much, and the mechanism of its role in different diseases is not completely clear. Some existing 

studies have low evidence-based quality and the intervention time is short, and it is impossible to 

comprehensively track the long-term exercise effect of follow-up patients. In the future, multi-center, 

large-sample longitudinal studies with stronger evidence-based value need to be further developed to 

further elaborate its effectiveness and safety and develop the individualized training programs based on 

patient needs. 

In addition, even if this training method has the certain clinical efficacy and may prevent and cure 

chronic diseases, the elderly with chronic pain, fatigue and less social support still have less resistance 

training, and the participation rate is low. How to improve compliance of  the patient will be a long-term 

issue. 
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