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Abstract. [Purpose] The purpose of this study was to investigate whether ten weeks of aquatic therapy exercise would
increase low back muscle strength and reduce low back pain in 19 elderly subjects. [Subjects] Nineteen low back
disorder patients were randomly assigned to one of two groups: an aquatic therapy exercise group (n=9), and a control
group (n=10). [Methods] The aquatic therapy group participated five times a week for ten weeks in an aquatic exercise
designed to strengthen the low back muscles. Data collection was done using a Cybex-770 system. [Results] The results
show that the aquatic exercise significantly reduced visual analog scale pain by 52.1%. Significant improvements in
low back muscle strength were found in the aquatic therapy group on peak torque of flexor in 180 °/sec by 48.31% and
on peak torque of extensor in 180 °/sec by 152.85% . [Conclusion] Based on the results, we conclude that the ten weeks
of aquatic therapy exercise can enhance low back muscle strength and reduce low back pain in elderly women. 
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INTRODUCTION

The world health organization has named low back pain as
a 20st century epidemic, and indeed, low back pain is
emerging as an increasingly significant medical issue1).
Walking erect causes human beings to put a heavy load on
their lumbar region. As a result, 60–80% of people
experience backache during their life2). The cause of lower
back pain varies in relation to physical, psychological and
social functions3–6). Furthermore, lower back pain is
reportedly caused by neuropathy, obesity, fatigue,
psychological pressure, heavy metal poisoning, lack of
exercise, and lack of calcium when accompanied by a bad
posture, weakened muscle, severe stress, and internal
diseases including gastritis.

The major diseases closely related to low back pain are,
compression fractures of vertebrae, disc herniation,
spondylolisis, and scoliosis. Regardless of clinical causes,
decrease of muscular strength and endurance, reduction of
flexibility, and reduction of motion range of the lumbus and
lower limbs have commony been found in individuals with
lower back pain. As an important factor of the etiology of

chronic backache, low back muscle strength has attracted
attention from orthopedists and physiatrists7,8). Therefore,
many researchers have measured low back muscle strength
in order to investigate the difference between healthy people
and patients with low back pain. 

Aquatic exercise can alleviate subjective pains because the
turbulence, pressure, and temperature of water increases
sensory input. Moreover, water’s buoyancy, relaxation of
muscles, increase of excessive muscle motion, and the
decrease of weight bearing, reducing joint compression.
Also, the increase of mental and social stimuli serves to
alleviate pain. In addition, aquatic exercise increases
cardiovascular respiratory endurance, muscular strength and
endurance, and flexibility. The characteristics of water help
to extend the range of joint motion and lessen the load on the
spine, knee, and ankle joints, which enables patients joint-
related disorders to easily participate in exercises with
reduced weight bearing and continue exercises even with a
slight injury9). Study of this issue has seldom been conducted.
Research conducted on 35 back pain patients demonstrated
that following an aquatic exercise program, patients’
physiological and psychological indices remarkably
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increased10). Senior citizens’ physical activity has an
important role not only for its primary purpose, but also as a
means of recovering in physical function and maintaining
health. Therefore, women’s physical activities can help to
treat or cure a disease. Physical activity can also improve an
individual’s overall health, metabolic energy levels, and
lifestyle. Aquatic exercise may also have positive effects on
women’s weight loss and fitness. Few studies have
investigated the effects of aquatic exercise in the elderly, and
much more research is needed to study its influence on
muscle strength and endurance. It has been hypothesized that
aquatic exercise would strengthen low back-muscle and
decrease low back pain in elderly women. Therefore, the
purpose of this study was to examine the influence of aquatic
exercise on the low back muscle strength of patients with low
back pain. 

SUBJECTS AND METHODS

Subjects
A total of 27 low back disorder patients were considered

for inclusion in this study. After receiving a conservative
treatment for over 4 weeks, 19 of these patients were selected
based on an orthopedist’s findings. The patients were
randomly assigned to one of two groups: the aquatic therapy
exercise group (n=9) and a non-exercise control group
(n=10). The aquatic exercise of the exercise group was
implemented at D city’s swimming pool for 10 weeks. The
physical characteristics of both groups are shown in Table 1. 

Methods
Aquatic therapy was performed according to the program

suggested by Robert (1996)11). It was carried out for 50
minutes, 5 times a week, and it was divided into three parts:
warm-up 10 minutes, main exercises 30 minutes, cool-down
10 minutes. The main exercises consisted of walking, chin
twist, arm spreading, knee-up, floating against the wall,
floating on the stomach, floating on the floor, breathing on
the water, sedentary kick, walking in a row and walk-and-
row. A visual analog scale (VAS) was used to measure the
degree of low back pain. The VAS was developed in 1979 by
Huskisson12). Subjects check the degree of subjective pain on
a 10 cm line, on which 0 cm indicates “no pain” at the left
end and 10 cm indicates “very severe pain” at the right end.
The VAS score is determined as the measurement from the
left side, with a higher score meaning a more severe pain
intensity of the low back.

Low back muscle strength was trained with a Cybex-770
isokinetic exercise device. The central femur and the lower
tibia were fixed by a belt, the torso was tightened with the
belt, and both hands were fixed by holding the handle. After
exercising twice at 180 °/sec followed by a 1-minute break,

10 more repetitions were conducted at maximum strength.
Data are shown as mean  ±  SD, student’s t-test was used for
statistical analyses of the data. Statistical significance was
accepted for p values of less than 0.05.

RESULTS

The mean and standard deviation of visual analog scale,
pre- and post-task by group, is shown in Table 2. The results
show that for the aquatic exercise group, the change in visual
analog scale was statistically significant: 6.52 ± 3.45 pre-task
and 3.12 ± 2.32 a post-task (p<0.01). However, there was no
significant difference between the pre-task result and the
post-task result (6.09 ± 4.33 and 5.89 ± 4.42) of the control
group. 

Table 3 presents the mean values of maximum peak torque
of the flexors, pre- and post-task by group. The results
indicate that the change in maximum peak torque of the
flexor was statistically significant for the exercise group:
33.12 ± 7.89 Nm pre-task and 49.12 ± 11.15 Nm post task
(p<0.05). No significant difference was found between the
pre-task result and the post-task result (32.46 ± 12.75 Nm and
36.80 ± 13.54 Nm) of the control group. 

The mean values of maximum peak torque of the
extensors, pre- and post-task by group, can be found in Table
4. The results show that the change in maximum peak torque
of the extensor was statistically significant: 12.98 ± 8.96 Nm
pre-task and 32.82 ± 13.34 Nm post-task (p<0.05). However,
there was no significant difference between the pre-task
result and the post-task result  (13.26 ± 6.43 Nm and 16.43
± 11.46 Nm) of the control group. 

DISCUSSION

The causes of low back pain are varied and complicated.
It can be the result of a spinal disorder, or psychological

Table 1. Baseline characteristics of the subjects

Group Age (years) Height (cm) Weight (kg) BMI

Exercise (n=9) 61.2 ± 3.3 152.2 ± 8.2 53.4 ± 6.6 25.3 ± 12.1
Control (n=10) 60.8 ± 5.0 154.9 ± 5.3 54.4 ± 9.0 26.5 ± 9.5

Table 2. The results of visual analog scale

Group Baseline 10 Weeks

Exercise (n=9) 6.52 ± 3.45   3.12 ± 2.32**
Control (n=10) 6.09 ± 4.33 5.89 ± 4.42

** Significantly different from the baseline (p<0.01).

Table 3. The results of peak torque of flexion at 180°/
sec

Group Baseline 10 Weeks

Exercise (n=9) 33.12 ± 7.89  49.12 ± 11.15*
Control (n=10)  32.46 ± 12.75 36.80 ± 13.54
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factors caused by stress, or somatological factors triggered by
epidemiologic hypofunction of the musculoskeletal system1).
The imbalance between the muscles around the spine can
lead to the malfunction of epidemiologic motion, which can
add weight to joints consequently causing lower back pain.
Intensified exercises of muscles around the back are essential
to reduce low back pain of patients. 

The back muscle strength of patients with back pain has
become the main issue of therapy, as strengthening of these
muscles can improve stability of the spine. As a conservative
treatment, different types of exercises are carried out, as anti-
back pain exercises. Studies suggest that these anti-back pain
exercises are able to release neuromuscular pressure,
intensifying support for overloaded spinal segments9). To
clarify the importance of the back muscle strength related to
back pain, abdominal muscle strength was measured in this
study. It was noted that there is a close relationship between
back pain and the weakness of the back muscle strength5).
Hydrogymnastics are reported to be helpful in promoting
proper posture by intensifying muscle strength and
flexibility, which can prevent pain and re-currence5,13).
Studies have reported that aquatic activities are very helpful
for the minimization of weight overload, which can relieve
the burden on the joints or the back. Furthermore, these
activities can increase cardiopulmonary endurance, muscular
endurance, and Vo2 max, and flexibility by extending the joint
motion range, and decrease back pain by increasing
abdominal muscle strength, intensifying lower extremity
muscle strength, as well as being helpful in promoting weight
loss14–18). 

One important characteristic of water is buoyancy,
allowing women who are keen to the dangers caused by
extreme exercises on the ground to maintain their workout
without further overload of the joints. This enables
individuals to participate in various training programs, such
as support, assistance, or resistance19–21), and be free from
any possible danger of extreme motion. This type of aquatic
exercise can be performed by patients with joint-related
diseases, back pain patients, senior citizens whose joint
motion ranges are restricted, and also individuals who suffer
from obesity by modifying the intensity of the exercises and
the motion. 

The implementation of water workout programs can
promote walking, and swimming, and strengthen the muscles
of the abdomen, the leg, the back, the hip, the hamstrings, and
the calf. One study has shown that the physiological and
psychological index of individuals participating in an aquatic
exercise increased significantly compared to the period when
they did not participate in the program11). Clearly, aquatic
exercise has many therapeutic possibilities, including the

potential to relieve lower back pain. In the current study, the
subjective pain scale of women experiencing low back pain
was 6.52 ± 3.45 in the exercise group, and 6.09 ± 4.33 in the
control group, pre-exercise. These pain degrees were higher
than the average. For instance, Jin and Lim (2008) used the
same method to investigate the level of pain reported by
patients with chronic back pain, and they reported a pain
scale level of 5.8 ± 2.2222). When compared to their study, the
pain reported of this study had a somewhat higher level, but
the difference is due to occupational variation of the subjects.
It should be noted that further study is needed to develop a
deeper understanding of the degree of back pain among
women using more subjects, and different exercise modes
and intensities may be important factors to consider.

The analysis of maximum peak torque was generated by
each speed of 180 °/sec on extensor and flexor to test the
difference in isokinetic exercise capacity of the trunk
between the aquatic exercise group and the control group.
The aquatic exercise group showed a more meaningful
difference than the control group in both extension and
flexion at 180 °/sec. Therefore, it can be concluded that the
aquatic exercise helps to maintain or intensify the muscle
strength of  patients with back pain. We conclude that the
aquatic exercise program is beneficial for patients with low
back pain, as it resulted in increase of low back muscle
strength and a decrease in pain.

REFERENCES 

1) Graves JE, Webb DC, Pollock ML, et al.: Pelvic stabilization during
resistance training: its effect on the development of lumbar extension
strength. Arch Phys Med Rehabil, 1994, 75: 210–215.

2) Cailliet R: Low Back Pain Syndrome, 4th Ed. Philadelphia: F. A. Davis,
1988, pp 1–22.

3) Andersson GB, Svensson HO, Odén A: The intensity of work recovery in
low back pain. Spine, 1983, 8: 880–884.

4) Fordyce WE, Brockway JA, Bergman JA, et al.: Acute back pain: a control-
group comparison of behavioral vs traditional management methods. J
Behav Med, 1986, 9: 127–140.

5) Nachemson AL: Advances in low-back pain. Clin Orthop Relat Res. 1985,
200: 266–278.

6) Waddell G: A new clinical model for the treatment of low-back pain. Spine,
1987, 12: 632–644.

7) Shirado O, Kaneda K, Ito T: Trunk-muscle strength during concentric and
eccentric contraction: a comparison between healthy subjects and patients
with chronic low-back pain. J Spinal Disord, 1992, 5: 175–182.

8) Shirado O, Ito T, Kaneda K, et al.: Concentric and eccentric strength of trunk
muscles: influence of test postures on strength and characteristics of patients
with chronic low-back pain. Arch Phys Med Rehabil, 1995, 76: 604–611.

  9) McNeal RL: Aquatic therapy for patients with rheumatic disease. Rheum Dis
Clin North Am. 1990, 16: 915–929. 

10) Ariyoshi M, Sonoda K, Nagata K, et al.: Efficacy of aquatic exercises for
patients with low-back pain. Kurume Med J, 1999, 46: 91–96.

11) Huey L, Knudson RR: The Water power Workout. New York: New
American Library, 1986, pp 32–40.

12) Huskisson EC: Measurement of pain. Lancet, 1974, 2: 1127–1131.
13) American Aquatic Exercise Association.: Basic Aquatic Exercise Program.

Aquatic Exercise Association, USA, 1999, 1–65.
14) Jetter J, Kadlec N: The arthritis book of water exercise. New York: Holt

Reinhart and Winston, 1985, pp 1–21.
15) Tork SC, Douglas V: Arthritis water exercise program evaluation. A self-

assessment survey. Arthritis Care Res, 1989, 2: 28–30.
16) di Prampero PE: The energy cost of human locomotion on land and in water.

Int J Sports Med, 1986, 7: 55–72.
17) Danneskiold-Samsøe B, Lyngberg K, Risum T, et al.: The effect of water

exercise therapy given to patients with rheumatoid arthritis. Scand J Rehabil
Med, 1987, 19: 31–35.

18) Graves JE, Pollock ML, Foster D, et al.: Effect of training frequency and

Table 4. The results of peak torque of extension at 180°/
sec

Group Baseline 10 Weeks

Exercise (n=9)  12.98 ± 8.96  32.82 ± 13.34*
Control (n=10)  13.26 ± 6.43 16.43 ± 11.46



J. Phys. Ther. Sci. Vol. 23, No. 1, 201160

specificity on isometric lumbar extension strength. Spine, 1990, 15: 504–
509.

19) Suomi R, Koceja DM: Postural sway characteristics in women with lower
extremity arthritis before and after an aquatic exercise intervention. Arch
Phys Med Rehabil, 2000, 81: 780–785.

20) Bandy WD, Sanders B: Therapeutic Exercise. Philadelphia: Lippincott
Williams & Wilkins, 2001, pp 259–331.

21) Bates A, Hanson N: Aquatic Exercise Therapy. Philadelphia: W. B.

Saunders Company, 1996. pp 1–35.
22) Jin KO, Lim NY: A study on the pain, depression, life satisfaction of the

chronic low back pain patients. J Muscle Joint Health, 2008, 15: 73–87.
23) Yu NS: The differences about nursing practice activity, working

environment, body mechanism, job stress and job satisfaction between low
back pain group and no low back pain group in ICU nurses. Unpublished
master’s thesis, Ewha Woman University, Seoul, 2006.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


