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Summary: We have studied 35 patients (25 female and 10 male) with low-back pain who were 
managed with aquatic exercises after an appropriate period of treatment for their condition in the 
medical institution. The exercises, employed consisted of strengthening exercises for the abdom-
inal, gluteal, and leg muscles, stretching of the back, hip, hamstrings, and calf muscles, walking in 
water, and swimming. All the patients had been participating in the exercise program for more than 
6 months. The frequency of performing exercises was once a week for 7 patients, twice a week for 
19, and 3 or more times a week for the remaining patients. The method used in this study was a 
survey questionnaire which was composed of questions about the patient' s physical and psycho-
logical condition. Those patients who had performed exercises twice or more in a week showed a 
more significant improvement in the physical score than those who performed exercises only once 
a week. More than 90% of the patients felt they had improved after 6 months of participation in the 

program. The improvement in physical score was independent of the initial ability in swimming. The 
results obtained suggested that exercises in water may be one of the most useful modes of 

exercise for a patient with low-back pain.
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INTRODUCTION

Patients who suffer from low-back pain cannot avoid 
periods of rest when their symptoms become worse, 
which leads to atrophy of the ventral and dorsal 
muscles of the trunk and to reduced function of the 
spine. Dysfunction of the ventral and dorsal muscles 
which stabilize the spine leads to abnormal stress or 
undesirable load on the joints or ligaments of the 
spine. These weakened muscles cannot stabilize the 
spine and the patient develops an ever-worsening 
condition in the back muscles and related structures. 
The importance of strengthening and fitness exer-
cises for the weakened stabilizing muscles of the 
spine has now achieved wide acceptance [1 -12] . 
However, we cannot avoid the weight load on the

 spine in any type of exercises on land [13-15]. On 
the other hand, we can control it when performing 
exercises in water [16, 17] . It is recognized that exer-
cise in water can be an effective and useful treatment 
especially for patients with arthritis or orthopaedic 
dysfunctions who have difficulty with weight-bear-
ing when exercising on land [16]. However, little 
attention has been paid to the practical efficacy of 
exercise in water for patients with low-back pain. We 
have made a series of exercises in water for a patient 
with low-back pain and have studied the efficacy of 
these exercises using a questionnaire method.

MATERIALS AND METHODS

Thirty-five patients, 25 female and 10 male, with

Received for publication September 25, 1998
Address correspondence to: Mamoru Ariyoshi, M.D., Department of Surgery, Kyoritsu Hospital, 1-25 Meiji-machi, Tobata-ku, Kitakyusyu
804-0073, Japan. Tel: 81-93-871-5421 Fax: 81-93-882-1666



92 ARIYOSHI ET AL.

low-back pain participated in the program of aquatic 
exercises which was arranged for these patients after 
an adequate period of treatment in hospital. Their 
average age was 49 (range from 23 to 72) years, the 
average height was 159.2 (range from 147 to 173) 

cm, and the average weight was 57.3 (range from 40 
to 75) kg. All the patients were treated in some 
orthopaedic hospital and the cause of low-back pain 
was lumbar spondylotic deformance in 18, lumbar 
disc herniation in 5, lumbar spinal canal stenosis 

(LCS) in 2, and repeated muscular disorder in 10. 
Two patients with lumbar disc herniation and one 
with LCS were treated operatively. The others were 
treated non-operatively. All participated in this pro-
gram after hospital treatment of at least 3 months.

 The program consisted of exercises performed 
outside or inside the swimming pool (Fig. 1). The 
outside-the-pool exercises aimed at strengthening the 
abdominal and gluteal muscles. Isometric rectus and 
oblique abdominal muscles exercises in the supine 

position with hips and knees bent were recom-

mended. A simple sit-up exercise was avoided, as a 
sit-up from the supine position with hips and knees 
bent increases the lumbar disc pressure [14]. In static 
stretching of the back and hip muscles, the patient 

pulls the knees up to the chest as far as possible 
while maintaining the supine position and repeats 
this slowly. This is not a reverse curl exercise which 
is a strengthening exercise for the abdominal mus-
cles. Any hyperextension or tendency to hyperexten-
sion was avoided when the legs returned to the floor. 
The aquatic exercises were static stretching of the 
hamstrings and calf muscles; 25 m front, back and 
side ways walking; 25 m front jogging; 5 times front 
leg raising, back leg raising, and side leg raising; 5 
times bobbing and jumping; and 25 m swimming 
crawl or back stroke. Each exercise was repeated 3 or 
4 times in each session. The whole session required 
about 90 min. The frequency of participating in this 

program was once a week for 7 patients, twice a 
week for 19, and 3 or more times for 9. These 
patients had been participating in the program for

 Fig. 1. Examples of exercises. upper left, Strengthening exercises for the abdominal and oblique abdominal muscles 

performed outside the pool. Exercises carried out lying on the back with hips and knees bent. upper right, Stretching of back 
and gluteal muscles also performed outside the pool. lower left, Leg raising exercises in the pool. lower right, Backstroke 

swimming with helper on her body.
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more than 6 months. An indoor pool with 120 cm 

water depth, 29 degrees of water temperature, and 31 

degrees of room temperature was used for the exer-

cise.

 The method used in this study was a survey ques-
tionnaire. All the patients surveyed filled out ques-
tionnaires. The questionnaire was composed of two 
parts, one about physical condition and the other 
about psychological condition. The former included 
questions about conditions in daily life, degree of 
low-back pain, condition of low-back pain, condition 
of movement of trunk, condition of walking. The 
latter was about the subjective impressions of 6 
months experience of the program. The questionnaire 
was filled under supervision before entering the 
program and after 6 months or more of participation 
in the program. Each question had 4 possible an-
swers, as follows: Concerning conditions of daily 
life, A, normal, no limitations; B, almost normal, 
minor limitations; C, major limitations; D, cannot do 
anything without help. Concerning the degree of low 
back pain, A, no pain; B, minor pain; C, considerably 
major pain; D, major pain. Concerning the duration 
of low back pain, A, free from pain; B, pain some-
time; C, pain often; D, always pain. Concerning the 
mobility of the trunk, A, normal range of motion; B, 
mild limitations; C, considerably severe limitations; 
D, severe limitations. Concerning the impairment of 
walking, A, normal; B, almost normal; C, limping; 
D, cannot walk without help. These results were 
scored as 1 point for A, 2 points for B, 3 points for C, 
and as 4 points for D. We compared the total score 
for physical condition before and after the program. 
The questions concerning psychological condition 
tested the subjective assessment of the exercise 
treatment as follows: A, very satisfactory; B, satis-
factory; C, no change; D, contrary to the expectation. 
Swimming ability was evaluated by questionnaires 
composed of 10 elements; walk in water, jump in 
water, run in water, immerse face, sink completely, 
float with face up, float with face down, swim on 
back, swim on chest, dive in water. Each element 
was scored and divided into 2 grades as follows: can 
be done well (10 points) or not (0 points).

RESULTS

 The questionaire was completed by all partici-

pants. The mean value of the physical scores after 

participating in the program was 9.7•}4.7 (n=35) 

which was significantly (p <0.05) lower than the 

initial score obtained before participation (11.7•}3.3,

n=35) (Fig. 2). The mean value of the physical score 

after participating in the program obtained from the 

individuals who had performed the exercises twice or 

more in a week (7.3•}3.7, n=9) was significantly (p<

0.05) lower than initial score (12.6•}4.6, n=9)

 Fig. 2. Physical scores before and after (6 months) 

participation in the program. Open circles and vertical bars 
represent the mean values and S.D. (n=35).

 Fig. 3. Physical scores before and after (6 months) partici-

pation in the program. Open circles and vertical bars represent 
the mean values and S.D. of the persons who had been per-
forming exercises twice or more a week (n=9). Open triangles 
and vertical bars who had been performing exercises once a 
week (n=26).
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 Fig. 4. Physical scores before and after (6 months) 

participation in the program of aquatic exercises. Open 
circles and vertical bars represent the mean values and 
S.D. (n=35).

 Fig. 5. Swimming ability scores before and after (6 
months) participation in the program of aquatic exercises. 
Open circles and vertical bars represent the mean values and 
S.D. of the persons whose swimming ability scores were less 
than 40 points initially (n=13). Open triangles and vertical 
bars represent the mean values and S.D. of the persons whose 
swimming ability scores were more than 41 points initially 
(n=22).

 Fig. 6. Subjective impression after 6 months participation 
in the program of aquatic exercises. Each column represents 
the number of persons for very satisfactory, satisfactory, no 
change, and contrary to expectation. 

obtained from these individuals before participation. 

On the other hand, there was no significant 

difference between the mean value of physical score 

after (10.5±4.8, n=26) and before (11.4•}2.8, n=26) 

participating in the program in the case of the 

individuals who performed once a week (Fig. 3).

 Swimming ability was developed by this exercise 

treatment. The mean value of swimming ability score 

after participating in the program (70.6•}25.5, n=35) 

was significantly higher than the initial score (52.3•}

31.7, n=35) (Fig. 4). Initially, 13 of the participants 

had less than 40 points of swimming ability score 

and 22 had more than 41 points of swimming ability 

score. In the persons who had less than 40 points 

initial swimming ability score, the mean value of the 

physical score after participating in the program (9.2•}

3.1, n=13) was significantly (p<0.05) lower than 

the initial physical score (12.0•}2.9, n=13) (Fig. 5). 

In the persons who had more than 41 points initial 

swimming ability score, the mean value of the physi-

cal score after participating in the program (10.0•}

5.5, n=22) was not significantly different from the 

initial score (11.5•}3.5, n=22) but showed a tendency 

to decrease (Fig. 5).

 Concerning the subjective assessment of the pro-
gram, the answer was very satisfactory in 19 (54.3%) 
persons, satisfactory in 13 (37.1%), and no change in 
3 (8.6%). There was no person who felt the result of 
the exercise treatment was contrary to expectation 
after participating in the program (Fig. 6). Four
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(21.1 %) of the 19 persons who felt very satisfactory 
and 7 (53.8%) of the 13 who felt satisfactory after 

participating in the program had not improved physi-
cal score.

 The mean value of BMI (Body Mass Index) after 

participating in the program (21.9•}1.9, n=35) was 

not significantly different from the initial value (22.6•}

2.3, n=35).

DISCUSSION

 We designed the program on the following basis. 
Muscle strength and flexibility are important for 
stabilizing the spine and several types of exercises 
for low-back pain are known [1,4,18] . Long-term rest 
for treatment of low back pain weakens these spine-
stabilizing muscles. The activity of the abdominal 
muscles decreases when a brace or corset is worn, 
because the device assumes the function of these 
muscles [6]. The abdominal muscles and the verte-
bral portion of the psoas muscles are involved in 

producing normal vertebral alignment [19,20]. The 
pelvis plays a role in keeping the alignment of the 
spine in the standing position and tilting the pelvis 
influences the activity of the postural muscles by 
affecting the static load on the spine [13]. Since 
weakened abdominal and gluteal muscles, after long-
term bed rest, cannot maintain normal inclination of 
the pelvis which increases lordosis of the lumbar 
spine, we encourage strengthening of the abdominal 
and gluteal muscles. All spinal movements involve 
the combined action of several segments, while the 
relative motion between any two adjacent vertebrae 
is small. The first 50 to 60 degrees of spinal flexion 
occurs mainly in the lower lumbar spine [7] and 
further flexion needs forward tilting of the pelvis. 
The posterior hip muscles are active in controlling 
the forward tilting of the pelvis as the spine is flexed 
[7]. Flexibility of these muscles allows the smooth 
motion of the pelvis and lumbar spine, which is the 
reason why stretching of these muscles is recom-
mended. Body position is a major factor which af-
fects the magnitude of the load on the spine. The 
relative load on the third lumbar disc in vivo in 
various body postures have been estimated in detail 
[14,15]. Trunk flexion in the standing position in-
creases the load by increasing the forward bending 
movement on the spine. The addition of rotary mo-
tion, and accompanying torsional loads, further in-
creases the stresses on the spine [8]. These undesir-
able effects on the spine limit participation in exer-
cising on land by the patient who have some disorder 

in their low-back. However, in the supine position, 

loads produced by the body weight are eliminated 

and thus loads on the spine are minimal. Further-

more, in the supine position, with hips and knees 

bent, then lumbar lordosis straightens out as the 

psoas muscle is relaxed, and the loads are decreased. 
This allows these strengthening and stretching exer-

cises to be performed on land.

 It has been well recognized that exercising in 
 water can be an effective and useful mode of thera-

 peutic exercise, especially for the individuals with 
 arthritis or various orthopaedic dysfunctions who 
 have difficulties with the weight-bearing components 
 of land exercise [16,211. When exercising in water, 
 buoyancy and the frictional resistance of water have 

 particular mechanical effects on the body. Further-
 more, fluid pressure is exerted equally on all surface 
 areas of a stationary immersed body at a given depth. 
 Since the impact load acting on the spine during 
 exercises can be easily controlled by changing the 
 extent of submersion in water, exercising in water 

 may be the most advantageous mode of exercise for 
 individuals with low-back pain. The main part of the 
 exercises in water are walking; forwards, backwards, 
 and sideways. Other exercises except swimming are 
 also performed in the standing position. The effect of 
 buoyancy on the vertical component of the ground 
 reaction force during walking in water has been 
 examined by Nakazawa et al. 1994 [22]. The maxi-

 mum impact force acting on the lower extremities 
 during walking can be lowered to below 50% of 
 body-weight by standing in water at a depth of 60% 
 of body height [22]. On the other hand, in shallow 

 water the impulse was larger than in land walking. 
 About 120 cm depth of water is thought to be appro-

 priate for aquatic exercises. Strengthening exercises 
 for the gluteus muscles on land often produce pain 
 even when performed in the supine position. In this 
 case, exercising on land is avoided and only exer-

  cises in water are recommended. The gluteus mus-
 cles can be strengthened by walking in water, as the 
 EMG activities of the hip extensor muscles increase 

 [22].
 About 29 degrees of water temperature and 30 

degrees of room temperature were employed for the 

exercises in this study. Immersion in warm water has 

certain advantages and its beneficial effects have been 

known since the Hellenic civilization. It causes a 

general mild vasodiation and relaxation, in addition 
to a decrease in relative body weight. This hydrother-

apy requires more than 30 degrees of water temper-

ature. These circumstances have beneficial effect for
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pain release but we cannot continue exercises at such 
high water temperature. As the warming effect was 

not a focus in the present program, about 29 degrees 

of water temperature was employed. This is near the 

critical water temperature where we can stay station-

ary without shivering and can continue to do exer-
cises.

 How often should the patient perform exercises 
to obtain a desirable effect? This study found that 

performing exercises more than twice a week was 
necessary. The amount of exercising seems to be an 
important factor to improve the physical score. How-
ever, it was surprising that 34.4% of the 32 persons 
who answered very satisfactory or satisfactory in the 
question concerning the subjective assessment 
showed no apparent improvement in physical score. 
Low-back pain patients in Japan commonly undergo 
traction therapy, heat therapy, massage, acupuncture, 
etc. which are termed passive therapy. The exercises 
which we have recommended have the disadvantage 
that the patient cannot perform them anywhere, it 
needs installation of an appropriate pool and also 
needs zeal for the continuation of the exercises. We 
speculate that the zeal for continuation even with the 
disadvantage of installation may play an important 
role in the improvement of low-back pain.
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