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Abstract  
Background:  Mechanical Low Back Pain (MLBP) is a  

major cause of illness and disability, especially in people of  

working age.  

Aim of Study: The study was conducted to compare be-
tween the effect of aquatic exercise and land-based exercises  

on pain level, functional disability and lumbar Range of  

Motion (ROM) in subjects with Chronic Mechanical Low  

Back Pain (CMLBP).  

Material and Methods:  Sixty patients with chronic me-
chanical low back pain of both gender participated in the  
study: 17 male and 43 female between 25 and 40 years old.  
They were divided randomly and equally into two groups: A  

study group (A), in which patients received land based  

exercise program; and study group (B), in which patients  

received aquatic exercise program. Both groups received the  

treatment program for 50min, three times per week, for one  
month assessment of patients in each group for pain level,  

functional disability and lumbar range of motion before and  

after treatment.  

Results: There were statistically significant differences  

in all outcome measures in favor of the water exercises group  

(p<0.001). In land exercise group, there were statistically  

significant differences regarding pain intensity, oswestry  
disability index, and lumbar flexion (p<0.0001), except for  
extension, right and left side bending range of motion outcomes  
(p>0.05). However, there were statistically significant differ-
ences regarding all outcome measure in water exercise group  

(p<0.0001) when comparing the pre-treatment with post-
treatment results.  

Conclusion: Aquatic therapy is effective in decreasing  
pain severity, level of functional disability and improved  

lumbar range of motion in patient with chronic mechanical  
low back pain than land-based exercise.  

Key Words:  Low back pain – Range of motion – Disability – 
Hydrotherapy – Exercise.  

Introduction  

MECHANICAL  Low Back Pain (MLBP) is a  
major cause of illness and disability, especially in  
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people of working age. By definition, it excludes  

pain resulting from neoplasia, fracture or inflam-
matory arthropathy, or that is referred from ana-
tomical sites outside the spine and in most cases  
there is no clearly demonstrable underlying pathol-
ogy [1] . Mechanical low back pain that lasts at  

least one day and limits activity is a very common  
and widespread complaint. It affects men and  

women equally. Over a lifetime, 80% of people  
have lower back pain, with the difficulty most  
often beginning between 30 and 40 years old [2] .  
Living sedentary life and lack of physical fitness  
makes human liable to back pain. The cause of  
lower spine being so commonly affected could be  
due to inherent skeletal abnormalities, poor posture,  

inability of lumbar spine musculature to control  
movements and protect against injury [3] .  

Aquatic therapy is an intervention technique  

that involves utilizing activities to promote physical  

and cognitive rehabilitation. Aquatic intervention  

typically takes place in pools of various sizes where  

participants have enough room to stand and perform  
exercises [4] . Warm water may enhance blood flow,  

which is thought to help in dissipating allogeneic  
chemicals, and facilitate muscle relaxation. In  

addition, the hydrostatic effect may relieve pain  
by reducing peripheral edema and by dampening  
sympathetic nervous system activity [5] .  

Aquatic therapy has been used for many years  
in the management of musculoskeletal problems  

including low back pain. Water immersion decreas-
es axial loading of the spine and, through the effects  
of buoyancy, allows the performance of movements  

that are normally difficult or impossible on land  
[6] . Exercise therapy on land targeting spinal and  

trunk musculature commonly Forms the foundation  

of clinical programs for people with Chronic LBP  

(CLBP) and has been shown to reduce pain and  
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disability and improve muscle function and strength  

[7] . Exercise is believed to be an important compo-
nent of CLBP management as deconditioning and  

muscle weakness as well as atrophy due to disuse  

may contribute to the associated disability.  

Previous literatures stated that engaging in  
general group exercises such as strengthening and  

aerobic conditioning as well as individually super-
vised specific spinal stabilization exercises have  
been reported to decrease the intensity of LBP and  

protect against recurrence [8] . Other literature stated  
that aquatic exercise could be considered another  
effective therapeutic instrument in preventing and  

treating LBP as in water it is possible to perform  
actions and movements which cannot be performed  

in an environment which is governed by the law  
of physics, reducing muscle tension and the weight  
of the individual [9] .  

Aim of study:  

To compare between the effect of aquatic and  
land-based exercises on pain level, functional  
ability and lumbar range of motion in patients with  

chronic mechanical low back pain.  

Material and Methods  

Design of the study:  

The study was a pretest-posttest research design.  

Participant:  

Participants were recruited from outpatient  
clinic of the National Institute for Neuromotor  

System (Embaba), Egypt. The clinical application  

of both aquatic and land-based exercise group were  

conducted in in the Specialized Center for Reha-
bilitation, Physical Therapy and Hydrotherapy (El-
Mohandsen), Cairo, Egypt. In the period between  

October 2019 to March 2020. The study was ap-
proved by the Ethical Committee for Human Re-
search at Faculty of Physical Therapy, Cairo Uni-
versity, Egypt. (Reference number P.T. REC/012/  

002835). Participants were invited to join the study  

and signed the written consent form prior to par-
ticipation.  

Sixty patients diagnosed with mechanical low  
back pain for more than three months, were enrolled  

to the study if they met the inclusion criteria of  

being between the age of 25 to 40 years, their BMI  

<30Kg/m2  [10] , pain localized to the lumbosacral  
region without radicular pain, medically stable  

(vital signs are stable within normal limits: Blood  
pressure, pulse, temperature, and respiration) and  

not be treated with analgesics or any medication  
which may cause misleading results. Patients were  
excluded if they had structural discrepancy as leg  

length discrepancy, previous back surgery, spinal  

infection, neurologic deficit, pregnancy, spondy-
lolisthesis, hip orthosis, ankylosing spondylitis or  

rheumatoid arthritis, infective or inflammatory  

disease, abnormal blood pressure, open wounds,  
urinary, sever cardiac disease, current or recurrent  

radiation treatment, sever osteoporosis.  

Sample size and randomization:  

A priori sample size has been calculated by  
G*Power (Dusseldorf, Germany) to find out a  
difference of 20% of pain intensity (20mm) between  

the study groups using the Visual Analogue Scale  
(VAS), with the calculated power analysis of 80%  

and a two-sided 5% significance level. Therefore,  

the sample size was calculated to be 26 patients  

for each group and the number was increased by  

15% to be 30 to consider the drop out from the  

time of randomization to the end of the treatment  
protocol. Sixty patients were randomly assigned  

to receive a land-based exercise program (Group  

A=30) or aquatic exercise program (Group B=30)  

using a computer generated random blocks and  

concealed allocation was done by the use of sealed  

opaque envelopes. A randomization generated by  

an author not involved in data collection.  

Instrumentation:  

A- For evaluation:  

-  Visual analogue scale to assess pain.  

-  Oswestry Disability Index (ODI) to evaluate  

functional disabilities.  

-  Modified-Modified Schober Test (MMST) to  

evaluate lumbar flexion and extension range of  
motion.  

-  Finger-to-floor technique to evaluates lateral  

spinal flexion of motion.  

B- For treatment:  

Study group (A): Land-based exercise group:  

The patient performing the exercises using the  

floor of the gymnasium of the out-patient unit.  

Study group (B): Aquatic exercise therapy:  

- Aquatic therapy program was carried out in an  

indoor pool sized 270 X 350cm, with 130cm  
water depth (Hydrotherapy Department of The  
Specialized Center for Rehabilitation, Physiother-
apy and Hydrotherapy).  

-  Swimming pool thermometer to adjust water  
temperature to be around 32ºC-34ºC.  

-  Noodles, kick board and sand bags devices were  

used for upper-body and lower-body exercises.  
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Procedure:  

Each patient was interviewed and the goal of  

the study was explained, the patient that agreed to  

participate in the study was asked to fill a consent  
form. Detailed history was taken from each patient.  
Pain intensity, lumbar range of motion and func-
tional disability were assessed for each patient  

before and at the end of treatment sessions.  

A- Evaluation procedures:  

-  Evaluate pain intensity using the VAS which is  
consisted of a horizontal line 100mm in length,  
with the end points No pain and Worst possible  

pain placed at each end of the line. Respondents  
were asked to make a mark on the line that indi-
cated their usual pain [11] . VAS is a valid and  
reliable tool to measure pain intensity [12] .  

-  Evaluate functional disabilities using Oswestry  

Disability Index (ODI) as it is represented by 10  

domains of activities in daily life (pain  
intensity, personal care, lifting, walking, sitting,  
standing, sleeping, sex life, social life and trav-
elling). Each domain or item consists of 6 state-
ments (score, 0-5) and is scored by the patient in  
reference to his/her current functional status.  

Each question is rated on a scale 0-5, 0 being no  

disability and 5 representing the greatest amount  

of disability [13] . ODI version 2.0 proved to be  
reliable and valid. As it is easy for the patient to  

administer and to score both in clinical work and  

research [14] .  

- Measure flexion and extension of lumbar spine  

using the Modified-Modified Schober Test  
(MMST) the starting position of measurement  

was standing with hips and knees in neutral  
position and the distance between feet should be  

equal to the shoulder's width. The tape was aligned  
from baseline landmark (at the middle of spine  

in line between both sides of PSIS) to 15cm above  
the baseline landmark. The subjects moved both  
hands down as far as possible while keeping  
knees extended. The investigator recorded the  

difference of distance between the superior and  

the baseline landmarks by subtracting from 15cm  

while the subject fully flexed or extended [15] .  
Modified Modified Schober Test is reliable, valid  
and convenient for both therapist and patient as  

it does not need any fixation and landmarks are  

easy to palpate [16] .  

-  Measure lateral spinal flexion of motion using  

finger-to-floor technique. As subjects stood on  
the floor with arms in the neutral position, heels  

together, knees and back straight. Subjects bent  

toward the right with elbow and fingers straight  

and attached hand on their lateral side of leg. The  

distance between the tip of third finger and the  
floor was measured [17] . The high levels of intra-
rater reliability and concurrent validity, demon-
strate the FFD to be reproducible and a valid  

measure of lateral flexion range of motion [18] .  

B- Treatment procedure:  

According to the program of Bello et al., 2010  

[19]  and Sawant and Shinde 2019 [20] . A specific  
exercise was prescribed for each group with ap-
proach of warming-up, main exercise and cooling  
down phase.  

Study group (A):  This group received Land  
based exercise which was performed in three phas-
es, namely: Warming up phase, main exercise phase  
and cool down phase. (1) Warming-up: Comprised  

of 3min walking in the gym forward, backward  
and sideways. (2) Main exercise phase: Comprised  

of stretching exercises for lower back in the form  

of single knee to chest and double knee to chest  

exercise, hamstring stretch and lateral rotator of  

trunk. Spinal stabilization exercises to strengthen  
both multifidus and transversus abdominus from  
supine Pelvic bridging, from quadruped position  

Alternate arm and leg raise, from Prone straight  

leg raise, back extension, arm raise, alternate arm  

and leg raise. Abdominal curl ups from supine. (3)  
Cooling down: Comprised of 3min walking in the  
gym forward, backward and sideways.  

Study group (B): This group received aquatic  
exercise which was performed in three phases,  

namely: Warming up phase, main exercise phase  

and cool down phase. (1) Warming-up: Comprised  

of 2min of pool walking forward, backward and  

sideways. (2) Main exercise-phase: Comprised of  

stretching exercise for lower back in the form of  

single knee to chest, stretching for lateral rotator  

of trunk, hamstring, gastrocnemius, hip adductors  
and superman stretch. Strengthening exercise for  

the abdomen, lower back, glutei, lateral rotator of  

trunk, lower limb and upper limb, knee in the form  
of squatting, lunges forward and sideway, toe  

raising, one leg balance kickboard oblique, hip  

flexion, abduction and extension, bicycle kicks,  

noodle bicycle kick, knee curls, kickboard push  

shoulder flexion, extension, abduction and adduc-
tion, shoulder horizontal abduction and adduction,  

pool noodle knee extensions. (3) Cooling down:  
Comprised of 2min of pool walking forward, back-
ward and sideways.  

Statistical analysis:  

The measured variables were statistically ana-
lyzed and compared using SPSS for windows  
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version 25 (SPSS, Inc., Chicago, IL) with Alpha  
level set at 0.05. Data were screened for normality  

assumption, homogeneity of variance, and presence  
of extreme scores. Shapiro-Wilks test for normality  

showed that the measured variables were normally  

distributed (p>0.5). Data are expressed as mean  
and standard deviation for are outcomes except for  

gender (counts). Two-way mixed design MANOVA  
were used to compare among the groups on the  

combined effect of all outcomes. When MANOVA  
is statistically significant, follow-up with univariate  
ANOVAs for every outcome with Bonferroni cor-
rection to protect against type I error.  

Results  

The results showed no statistically significant  

differences between groups regarding visual ana-
logue scale (pain intensity), oswestry disability  

index, and lumbar flexion, extension, right and left  

side bending range of motion outcome measures  

(p>0.05).  

Repeated measures multivariate analysis was  

conducted to assess the difference between partic-
ipants in the land exercises group and participants  

in the water exercises group in the amount of  

change in their scores on the outcome measures.  

Statistically significant multivariate effects were  

found for the main effects of groups, Wilk's A=  

0.41, F (6, 53)=12.62, p<0.001, η 2
=0.59, for time,  

Wilk's A=0.03, F (6, 53)=322.4, p<0.001, η 2
=0.97,  

as well as for the interaction between groups and  

time, Wilk's A=0.13, F (6, 53)=59.5, p<0.001, η 2
= 

 

0.87.  

Follow-up univariate ANOVAs reveal that sig-
nificant change for VAS outcome variable, F (1,  

58)=1476.32, p<0.001, η
2
=0.96, for ODI outcome  

variable, F (1, 58)=450.5 1, p<0.001, η
2
=0.89 and  

for flexion outcome variable, F (1, 58)=392.77,  
p<0.001, η

2
= 0.87, for extension, F (1, 58)=68.66,  

p<0.001, η
2
=0.54, right lateral flexion outcome  

variable, F (1, 58)=20.59, p<0.001, η
2
=0.26, for  

left lateral flexion outcome variable, F (1, 58)=  

28.43, p<0.001, η
2
=0.33. This interaction effect  

indicates that the difference between the land  

exercises and water exercises groups on the linear  

combination of the outcome measures is different  

at pretest than posttest. Examination of the means  

suggests that this is because groups do not differ  

on either dependent variable at the time of the  

pretest, but they do differ at the time of the posttest.  

Between-group comparison:  

There was no significant difference between  

the land exercises and water exercises groups in  

all outcomes before treatment ( p>0.05). After 4  
weeks of intervention, there were statistically  

significant differences in all outcome measures in  

favor of the water exercises group ( p<0.001).  
Negative mean difference scores (95% CI) on  

flexion and extension measures are indicative of  

improvement, whereas positive change scores (95%  

CI) on VAS, ODI, right and left lateral flexion  
outcome measures indicate improvement. The  
water exercises group showed superiority to the  
land exercises group after four weeks of interven-
tion for all outcome measures (p<0.001) as shown  
in (Tables 1,2).  

Table (1): Baseline clinical characteristics of subjects (N=60)*.  

Characteristics  
Land Ex's Group  

(n=30)  
Water Ex's Group  

(n=30)  
MD  95% CI  

p - 
value  

VAS (mm)  65.9±5.49  67.97±8.97  –2.07  (–5.91, 1.78)  0.29  

ODI  34.33±4.77  35.57±9.99  –1.23  (–5.28, 2.81)  0.54  

Flex (cm)  4.24± 1.46  4.9± 1.33  –0.66  (–1.38, 0.07)  0.07  

Ext. (cm)  2.5±0.94  2.6±0.82  –0.1  (–0.56, 0.36)  0.66  

RLF (cm)  46.55±3.4  48.13 ±4.14  –1.58  (–3.54, 0.38)  0.11  

LLF (cm)  49.2±3.5  49.0±3.98  –0.2  (–1.74, 2.14)  0.84  

VAS  
ODI  
Flex  
Ext  
LLF  

: Visual Analogue Scale. 
: Oswestry Disability Index. 
: Flexion. 
: Extension. 
: Left Lateral Flexion.  

RLF  
MD  
Ex's  
CI  
p-value  

: Right Lateral Flexion. 
: Mean Difference. 
: Exercises. 
: Confidence Interval. 
: Probability value.  

*: Data are mean ±  SD, p-value <0.05 indicate statistical significance.  
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Table (2): Clinical characteristics of subjects in both groups after 4 weeks (N=60)*.  

Characteristics  
Land Ex's Group  

(n=30)  
Water Ex's Group  

(n=30)  
MD  95% CI  

p - 
value  

VAS (mm)  36.07±8.94  11.13±3.69  24.93  (21.4, 28.47)  0.0001  
ODI  18.9±5.49  5.4±2.42  13.5  (11.31, 15.7)  0.0001  
Flex (cm)  4.97± 1.65  7.87± 1.36  –2.9  (–3.66, –2.14)  0.0001  
Ext. (cm)  2.58±0.9  3.23±0.84  –0.65  (–1.1, –0.2)  0.005  
RLF (cm)  46.47±3.97  42.03±3.91  4.43  (2.4, 6.47)  0.0001  
LLF (cm)  48.07±3.13  43.53±4.02  4.53  (2.67, 6.4)  0.0001  

VAS  
ODI  
Flex  
Ext  
LLF  

: Visual Analogue Scale. 
: Oswestry Disability Index. 
: Flexion. 
: Extension. 
: Left Lateral Flexion.  

RLF  
MD  
Ex's  
CI  
p-value  

: Right Lateral Flexion. 
: Mean Difference. 
: Exercises. 
: Confidence Interval. 
: Probability value.  

*: Data are mean ±  SD, p-value <0.05 indicate statistical significance.  

Within-group comparison:  
In land exercise group, there were statistically  

significant differences regarding visual analogue  

scale (pain intensity), oswestry disability index,  
and lumbar flexion (p<0.0001), but no statistically  
significant differences regarding extension, right  
and left side bending range of motion outcomes  
(p>0.05) when comparing the pre-treatment with  

post-treatment results. However, there were statis-
tically significant differences regarding visual  

analogue scale (pain intensity), oswestry disability  

index, and lumbar flexion, extension, right and left  
side bending range of motion outcome measures  

in water exercise group (p<0.0001) when compar-
ing the pre-treatment with post-treatment results  

as shown in (Table 3).  

Table (3): Within group changes at pre, after 4 weeks of intervention.  

Land Ex's Group (n=30)  Water Ex's Group(n=30)  

Outcomes  Change from baseline to 4 weeks  Change from baseline to 4 weeks  

MD (95% CI)  p-value  MD (95% CI)  p-value  

VAS (mm)  –29.83 (–33.03, –26.64)  <0.0001  –56.8 (–60.03, –53.64)  <0.0001  
ODI  –15.4 (–18.47, –12.39)  <0.0001  –30.2 (–33.21, –27.13)  <0.0001  
Flex (cm)  0.72 (0.46, 0.99)  <0.0001  2.97 (2.70, 3.23)  <0.0001  
Ext. (cm)  0.08 (–0.04, 0.21)  0.18  0.63 (0.51, 0.76)  <0.0001  
RLF (cm)  –0.08 (–2.01, 1.85)  0.93  –6.1 (–8.03, –4.17)  <0.0001  
LLF (cm)  –1.13 (–2.89, 0.62)  0.2  –5.47 (–7.22, –3.72)  <0.0001  

VAS  
ODI  
Flex  
Ext  
LLF  

: Visual Analogue Scale. 
: Oswestry Disability Index. 
: Flexion. 
: Extension. 
: Left Lateral Flexion.  

RLF  
MD  
Ex's  
CI  
p-value  

: Right Lateral Flexion. 
: Mean Difference. 
: Exercises. 
: Confidence Interval. 
: Probability value.  

*: Data are mean ±  SD, p-value <0.05 indicate statistical significance.  

Discussion  

Aquatic exercise has become popular for fitness  
enhancement, general conditioning programs, and  

rehabilitation for patients with low back pain, those  

with rheumatic diseases, and the elderly [21] . The  
aim of the current study was to compare between  
the effect of aquatic exercise and land-based exer-
cises on pain level, functional disability and lumbar  
Range of Motion (ROM) in subjects with Chronic  
Mechanical Low Back Pain (CMLBP).  

The main findings of the current study showed  
that the water exercises group showed superiority  

to the land exercises group after four weeks of  

intervention for all outcome measures (p<0.001).  
In land exercise group showed improvement in  
pain intensity, oswestry disability index, and lumbar  
flexion (p<0.0001), with no difference in extension,  

right and left side bending range of motion out-
comes (p>0.05) however there were an improve-
ment in all out come measures in water exercise  

group when comparing the pre-treatment with post-
treatment result after one month of intervention.  

The results of the current study revealed signif-
icant reduction in pain level in both group with  
the superiority of aquatic group to land group after  
one month of intervention. The reduction in aquatic  
group approved in many studies which concluded  
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that warm water can lead to a pain modulation,  

since pain threshold increases with temperature  

probably for both sensory overflow and thermo  
receptor stimulation, which were illustrated in  
many studies [22-24] . While the reduction in land  
group approved in many studies which concluded  
that low abdominal muscular weakness is consid-
ered a reason for low back pain; thus, increasing  

the muscular strength may be an effective in de-
creasing pain which were illustrated in many studies  

[25,26] .  

Also, the current study revealed significant  

improvement in functional disability in both groups  
with the superiority of aquatic group to land based  

exercise group. This was approved in many studies  
which concluded that hydrotherapy provides the  
optimal environment for patients to exercise aero-
bically, and at higher intensities than would be  
possible on land, owing to the reduction of joint  
loading which were illustrated in many studies [27- 
29] . While the improvement in the land group ap-
proved in a study which concluded that exercise  

produces large reductions in pain and disability  

[30] .  

Also, the current study revealed significant  

improvement in lumbar range of motion in aquatic  
groups. This may be explained by the effects of  
aquatic exercise as it cause significantly more  

flexibility and muscle strength, as the trunk and  

back muscles being more active during the aquatic  
exercise to maintain correct body position, resulting  

in more increasing in range of motion which were  

illustrated in many studies [31-33] .  

Furthermore, there were no significant differ-
ences in the land group in lumbar extension and  
lateral side flexion which were in contrast with  
other study that concluded that land based exercise  

in the form of hamstring stretches, back stretches,  

double-knee to chest exercises, and lumbar rotations  

worked to decrease muscle tightness and subse-
quently improve range of motion [34] .  

Also, aquatic therapy decreased the level of  

back pain, disability and improved lumbar range  

of motion as the buoyancy of water can eliminate  

the gravitational forces to counteract body weight,  

which reduces the amount of joint stress to perform  

exercises with little effort and less pain sensation.  

It also can provide the greater range of movement  

that is required for lifting heaviest body limb or  

legs during exercise this was in line with other  
studies [35,36] . These findings are in line with  
previous studies with different water-based exercise  

intervention program that could recover pain in- 

tensity and musculoskeletal disability conditions  

in non-obese population [37,38] .  

The current study revealed the superioty of  

aquatic exercise to land based exercise. This was  

in agreement with previous study which concluded  

that water based exercises produce better improve-
ment in disability and quality of life of the patients  
with chronic low back pain than land based exer-
cises [39] .  

The current study results were in contrast with  

other study which concluded that aquatic therapy  
were found to be effective in improving functional  
status but were not superior to land [40] . And  
hydrotherapy can reduce pain and improve func-
tional abilities, but no significant improvement  
was observed in thoracolumbar mobility [41] .  

Some limitations of this study should be con-
sidered. First, the lack of a control group to compare  

with the 2 exercise treatment groups. Second,  
further work is recommended to identify the long-
term effects of exercising in water versus land.  
Moreover, the study did not evaluate the quality  

of life which is one of the most important goals of  

every therapeutic intervention.  

Conclusion:  

Aquatic therapy is effective in decreasing pain  

severity, level of functional disability and improved  

lumbar range of motion in patients with chronic  
mechanical low back pain than land-based exercise.  
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