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Abstract.

[Purpose] This study set out to investigate the effects of leg immersion in warm water on pain, and

stiffness of patients with stroke-induced chronic osteoarthritis. [Subjects] Forty-four patients with chronic stroke
were randomly assigned to either the whirlpool group (n=24) or the control group (n=20). [Methods] Subjects in
the whirlpool group immersed their legs in a whirlpool bath at 40 °C for 40 minutes 5 times a week for 8 weeks.
The control group of patients was instructed to perform activities as usual without using a whirlpool bath. Pre-
immersion and post-immersion measurements of the Western Ontario and McMaster University arthritis index
(WOMAC)-pain and stiffness indexes were compared to determine the effects of the intervention. The paired
t-test was performed to test the significance of differences before and after the experiment. The independent t-test
was conducted in order to test the significance of differences between the whirlpool and control groups. Statisti-
cal significance was accepted for values of p<0.05. [Results] The WOMAC-pain score, and stiffness index were
significantly lower after the intervention. [Conclusion] Immersion of the lower extremities in a whirlpool bath was

beneficial for patients with chronic stroke-induced knee osteoarthritis.
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INTRODUCTION

Stroke is caused by the blockage of brain blood vessels
or hemorrhage. The main symptoms of stroke are sensory,
motor, cognitive, and emotional problems, and they impose
constraints on carrying out basic daily activities). These
stroke problems are treated focusing on the nervous sys-
tem?,

Pain caused by stroke is mainly neuropathic arising from
damage to the central nervous system, and it occurs in parts
related to the neurological system that are related to cere-
brovascular lesions. These pains are continuous or intermit-
tent and are associated with sensory abnormalities at the site
of pain?. In contrast, musculoskeletal pain in patients with
stroke is a consequence of stroke. It results from excessive
use, and causes secondary functional disorders?. Excessive
use of the unaffected side of patients with stroke, damages
the soft tissue, and intra-articular cartilage changes occur®.
Radiographs of the knee joint of the hemiparetic and unaf-
fected side of post-stroke hemiplegia patients show asym-
metry®. Generally, in the lower limbs of elderly subjects
or patients with hemiplegia, causes the part with arthritis
is most commonly the knee. Osteoarthritis is a disease that
causes pain and physical dysfunction as articular cartilage
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wears out and local degenerative change appears”). In pa-
tients with stroke, knee arthritis induces arthralgia, ROM
limitation, muscle strength reduction, and motor dysfunc-
tion®. Generally, preceding studies using non-surgical in-
tervention methods for patients with osteoarthritis have
reported electrical treatments such as superficial heat ap-
plication and short wave diathermy for deep heat applica-
tion?, transcutaneous electrical nerve stimulation, electro-
acupuncture, low level laser therapy'?), and therapeutic
exercises such as aerobic exercise show beneficial effects'V.

Water is commonly used in the therapeutic field as it
generally has an effect that promotes healing'?. Whirlpool
treatment was first started by the French army in the period
of the First World War. It is currently used as a treatment
method in many countries for medical and surgical condi-
tions!?. The whirlpool treatment relaxes muscle tension,
and provides a feeling of comfort. Especially, in post-sur-
gical patients, it decreases pain, reduces complications, and
helps to bring forward the discharge date'¥. Whirlpools are
recommended as a treatment for reducing pain in patients
with osteoarthritis and rheumatoid arthritis'>. However, we
couldn’t find any reports in the literature of research target-
ing osteoarthritis of patients with stroke.

Therefore, the purpose of this study was to evaluate the
effects on pain, stiffness, and function of whirlpool treat-
ment for patients with knee osteoarthritis caused by chronic
stroke.
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Table 1. General characteristics of participants

Group Gender Stroke type Hemiplegic side Age Height Weight
(male/female)  (CI/ICH) (Rt./Lt.) (years) (cm) (kg)
Whirlpool Group 24 14/10 19/5 11/13 58.1 (4.6) 160.6 (6.6)  65.2 (8.3)
Control Group 20 14/6 13/7 12/8 573 (4.4) 164.5(7.1)  65.0(7.5)

Values are frequency or mean (SD), CI; Cerebral Infarction, ICH; Intra-Cranial Hemorrhage

SUBJECTS AND METHODS

The subjects of this study were patients with stroke who
were hospitalized at a university hospital located in D city.
The selection criterion was patients who had had stroke with
hemiplegia for more than 6 months and less than 5 years.
The exclusion criteria were: patients who were incapable of
cycling or functional training due to lumbodynia, inflam-
mation of the joints, or degenerative disease, who were un-
dergoing other medical treatments for other specific details,
or who were incapable of implementing exercise programs
due to inability to understand verbal commands due to se-
vere impairment of perceptual abilities, or cognitive and
communication disorders. Through the selection criteria,
50 patients were enrolled in this research. Prior to distribut-
ing consent forms, all the subjects received an explanation
of the procedures and the purpose of this research, and the
research was then implemented with subjects who signed
consent forms.

The 50 subjects who were selected by the selection cri-
teria were randomly divided into 2 groups, 25 subjects
each were allocated to the whirlpool group and the control
group. The randomization method was selection of a sealed
envelope. During the 8 weeks of the research, 1 patient in
the whirlpool group, and 5 patients in the control group
dropped out, leaving 24 subjects in the whirlpool group, and
20 subjects in the control group. The data of these subjects
were used in the statistics of the final analysis. The reasons
for dropping out were: three patients in the control group
moved to another hospital, and the remainder gave up vol-
untarily.

In the whirlpool group, the subjects’ legs were immersed
in whirlpool baths at 40 °C for 30 minutes after conserva-
tive physical therapy for 30 minutes. The subjects of the
control group received conservative physical therapy only
for 30 minutes without the whirlpool bath. The interven-
tions were conducted 5 times a week for 8 weeks.

In this study, pain and stiffness were used to evaluate the
knee osteoarthritis of the subjects, patients with stroke. For
assessment tools, the Western Ontario and McMaster Uni-
versity Arthritis Index (WOMAC) was used. WOMAC has
3 categories of pain, stiffness, and function. In this study,
WOMAC-pain scores and WOMAC-stiffness scores were
used. Subjects are interpreted to have better functional sta-
tus when their WOMAC scores are lower'®). Many trans-
lated versions of the WOMAC indices in several languages
are available. The Korean version of WOMAC used in this
study has a good reliability (ICC 0.79—0.89) and its psycho-
metric properties are comparable with those of the origi-
nal'?.

SPSS 18.0 for Windows was used for the statistical anal-

Table 2. Comparisons of pain and stiffness between the inter-

ventions
Whirlpool Grou Control Grou
Measures (Ir)1=2 " P (1=20) P
Pretest 15.00 (3.74) 13.37 (2.12)
Pain Posttest 11.10 (4.64) 9.75 (1.35)
t 3.932" 8.996"
Pretest 5.85(0.93) 5.20 (0.83)
Stiffness  Posttest 3.65 (0.93)% 3.75 (0.98)
t 10.341" 7.000"

Values are frequency or mean (SD), *p<0.05 significant differ-
ence from pretest, $p<0.05 significant difference from control

ysis of this research. The data were normally distributed.
To compare the before and after exercise effects within the
whirlpool group and the control group, the paired sample
t-test was implemented. To compare the difference between
the two groups, the independent sample t-test was imple-
mented. The level of statistical significance (o)) was chosen
as 0.05 for all analyses.

RESULTS

The characteristics of subjects participating in this study
were as follows. The final number of participants in this re-
search was 44, 24 in the whirlpool group, and 20 in the con-
trol group. There were no significant differences in gender,
stroke type, hemiplegic side, age, height or weight between
the whirlpool and control group (Table 1).

Subjects’ pain after the intervention was significantly
lower (p<0.05) in both the whirlpool and control groups.
Stiffness also significantly decreased (p<0.05) in both
groups. Comparing between the two groups, the stiffness of
the whirlpool group was significantly lower (p<0.05) than
that of the control group after the intervention. This shows
that the whirlpool treatment was more effective at reducing
stiffness (Table 2).

DISCUSSION

Knee osteoarthritis commonly occurs in stroke patients
due to the left and right imbalance arising from hemiplegia
and compensatory behavior by the unaffected side®. Ar-
thritis accompanying stroke causes pain, and worsens pa-
tients’ functional status, becoming an undermining cause
of independent living'®. Chronic pain is observed in 75%
of patients with stroke, and the level of pain is moderate to
severe!?. In this study, the whirlpool treatment had a mean-
ingful effect on pain and stiffness.



Water soaking treatments utilize hydrostatic pressure,
buoyancy, viscosity and thermodynamics, physical charac-
teristics of water. Especially, hydrostatic immersion com-
bined with warm temperature particularly is bath effective
at reducing and improving blood circulation'?. Generally,
the optimum temperature of a whirlpool bath is 36-40°C'.
Since Koreans prefer hot temperature, 40 °C was used in
this research. The pain score after the whirlpool therapy re-
duced 26%, from 15.0 to 11.1 (p<0.05). The stiffness reduced
37.3%, from 5.9 scores to 3.7 (p<0.05). Heat treatment for
patients with osteoarthritis and rheumatoid arthritis involve
conduction such as hot pack and paraffin bath, convection
such as whirlpool bathing, and methods that uses conver-
sion such as ultrasound'®. The warm whirlpool bath used
in this research had a heat transfer effect on the immersed
area. Blood flow, capillary permeability, nerve conduction,
and collagen extensibility increases through vasodilation
as a result of heat treatment'®. Therefore in this research,
we think that pain and stiffness were reduced by the effect
of heat. During whirlpool immersion, the pain adjustment
mechanism which is generated by the warm water tempera-
ture and water turbulence increases the threshold of pain!¥.
Also, whirlpool therapy increased joint ROM by stimulat-
ing the muscle spindles and Golgi tendon organs®?. How-
ever, it is not correct to conclude that all aspects of arthritis
improve with pain reduction. In previous research, not all
pain reductions due to interventions for knee osteoarthritis
were reflected in patients’ activity levels?. Muscle weak-
ness of muscles such as the quadriceps is the major cause of
knee osteoarthritis. Proprioceptive deficits of joints as well
as muscle weakness impose limitations on physical balance
and daily living activities of patients with arthritis?). With
the purpose of restoring the strength of weakened muscles,
muscle strengthening exercises have been effective for ar-
thritis'D. Accordingly, research into the effects of muscle
strengthening exercise combined with whirlpool treatment
for post-stroke arthritis patients is necessary in the future. A
limitation of this study is that the physical function assess-
ment of WOMAC was not performed, because it is difficult
to distinguish whether the cause of functional limitation
is osteoarthritis or stroke. Therefore, further study of the
functional evaluation of stroke patients with osteoarthritis
is needed consider specific outcome measures.

ACKNOWLEDGEMENT

This research was supported by the Sun Moon University
Research Grant of 2010.

2)

3)
4)

5)

6)

7

8)

9)

10)

11)

12)
13)

14)

15)

16)

17)

18)

19)

20)

21)

875

REFERENCES

Fong KN, Chan CC, Au DK: Relationship of motor and cognitive abili-
ties to functional performance in stroke rehabilitation. Brain Inj, 2001, 15:
443-453. [Medline] [CrossRef]

Hansson P: Post stroke pain case study: clinical characteristics, thera-
peutics options and long term follow up. Singapore Med J, 2003, 2003:
643-652.

Andersen G, Vestergaard K, Ingeman-Nielsen M, et al.: Incidence of cen-
tral post-stroke pain. Pain, 1995, 61: 187-193. [Medline] [CrossRef]
Walsh K: Management of shoulder pain in patients with stroke. Postgrad
Med J, 2001, 77: 645—-649. [Medline] [CrossRef]

Chen CL, Chen HC, Tang SF, et al.: Gait performance with compensatory
adaptations in stroke patients with different degrees of motor recovery.
Am J Phys Med Rehabil, 2003, 82: 925-935. [Medline] [CrossRef]

Yang CP, Lee CL, Chen TW, et al.: Ultrasonographic findings in hemiple-
gic knees of stroke patients. Kaohsiung J Med Sci, 2005, 21: 70-77. [Med-
line] [CrossRef]

Bookman AA, Williams KS, Shainhouse JZ: Effect of a topical diclofenac
solution for relieving symptoms of primary osteoarthritis of the knee: a
randomized controlled trial. CMAJ, 2004, 171: 333-338. [Medline]
Friedman L, Finlay K, Jurriaans E: Ultrasound of the knee. Skeletal Ra-
diol, 2001, 30: 361-377. [Medline] [CrossRef]

Laufer Y, Dar G: Effectiveness of thermal and athermal short-wave dia-
thermy for the management of knee osteoarthritis: a systematic review
and meta-analysis. Osteoarthritis Cartilage, 2012, 20: 957-966. [Medline]
[CrossRef]

Bjordal JM, Johnson MI, Lopes-Martins RA, et al.: Short-term efficacy of
physical interventions in osteoarthritic knee pain. A systematic review and
meta-analysis of randomised placebo-controlled trials. BMC Musculoske-
let Disord, 2007, 8: 51. [Medline] [CrossRef]

Silva A, Serrao PR, Driusso P, et al.: The effects of therapeutic exercise on
the balance of women with knee osteoarthritis: a systematic review. Rev
Bras Fisioter, 2012, 16: 1-9. [Medline] [CrossRef]

Becker BE: Aquatic therapy: scientific foundations and clinical rehabilita-
tion applications. PM R, 2009, 1: 859—-872. [Medline] [CrossRef]
Ogiwara S: Calf muscle pumping and rest positions during and/or after
whirlpool therapy. J Phys Ther Sci, 2001, 13: 99-105. [CrossRef]

Juve Meeker B: Whirlpool therapy on postoperative pain and surgical
wound healing: an exploration. Patient Educ Couns, 1998, 33: 39-48.
[Medline] [CrossRef]

Beasley J: Osteoarthritis and rheumatoid arthritis: conservative therapeu-
tic management. J Hand Ther, 2012, 25: 163—171. [Medline] [CrossRef]
Emrani A, Bagheri H, Hadian M, et al.: Isokinetic Strength and Functional
Status in Knee Osteoarthritis. J Phys Ther Sci, 2006, 18: 107-114. [Cross-
Ref]

Bae SC, Lee HS, Yun HR, et al.: Cross-cultural adaptation and valida-
tion of Korean Western Ontario and McMaster Universities (WOMAC)
and Lequesne osteoarthritis indices for clinical research. Osteoarthritis
Cartilage, 2001, 9: 746-750. [Medline] [CrossRef]

Nguyen-Oghalai TU, Ottenbacher KJ, Granger CV, et al.: Impact of os-
teoarthritis on the rehabilitation of patients following a stroke. Arthritis
Rheum, 2005, 53: 383-387. [Medline] [CrossRef]

Widar M, Ahlstrom G: Disability after a stroke and the influence of long-
term pain on everyday life. Scand J Caring Sci, 2002, 16: 302-310. [Med-
line] [CrossRef]

Kuligowski LA, Lephart SM, Giannantonio FP, et al.: Effect of whirlpool
therapy on the signs and symptoms of delayed-onset muscle soreness. J
Athl Train, 1998, 33: 222-228. [Medline]

Bennell KL, Hinman RS, Metcalf BR, et al.: Relationship of knee joint
proprioception to pain and disability in individuals with knee osteoarthri-
tis. J Orthop Res, 2003, 21: 792-797. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/11350658?dopt=Abstract
http://dx.doi.org/10.1080/02699050010005940
http://www.ncbi.nlm.nih.gov/pubmed/7659428?dopt=Abstract
http://dx.doi.org/10.1016/0304-3959(94)00144-4
http://www.ncbi.nlm.nih.gov/pubmed/11571371?dopt=Abstract
http://dx.doi.org/10.1136/pmj.77.912.645
http://www.ncbi.nlm.nih.gov/pubmed/14627929?dopt=Abstract
http://dx.doi.org/10.1097/01.PHM.0000098040.13355.B5
http://www.ncbi.nlm.nih.gov/pubmed/15825692?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15825692?dopt=Abstract
http://dx.doi.org/10.1016/S1607-551X(09)70280-3
http://www.ncbi.nlm.nih.gov/pubmed/15313991?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11499776?dopt=Abstract
http://dx.doi.org/10.1007/s002560100380
http://www.ncbi.nlm.nih.gov/pubmed/22659070?dopt=Abstract
http://dx.doi.org/10.1016/j.joca.2012.05.005
http://www.ncbi.nlm.nih.gov/pubmed/17587446?dopt=Abstract
http://dx.doi.org/10.1186/1471-2474-8-51
http://www.ncbi.nlm.nih.gov/pubmed/22441221?dopt=Abstract
http://dx.doi.org/10.1590/S1413-35552012000100002
http://www.ncbi.nlm.nih.gov/pubmed/19769921?dopt=Abstract
http://dx.doi.org/10.1016/j.pmrj.2009.05.017
http://dx.doi.org/10.1589/jpts.13.99
http://www.ncbi.nlm.nih.gov/pubmed/9481347?dopt=Abstract
http://dx.doi.org/10.1016/S0738-3991(97)00056-6
http://www.ncbi.nlm.nih.gov/pubmed/22326361?dopt=Abstract
http://dx.doi.org/10.1016/j.jht.2011.11.001
http://dx.doi.org/10.1589/jpts.18.107
http://dx.doi.org/10.1589/jpts.18.107
http://www.ncbi.nlm.nih.gov/pubmed/11795994?dopt=Abstract
http://dx.doi.org/10.1053/joca.2001.0471
http://www.ncbi.nlm.nih.gov/pubmed/15934130?dopt=Abstract
http://dx.doi.org/10.1002/art.21166
http://www.ncbi.nlm.nih.gov/pubmed/12191043?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12191043?dopt=Abstract
http://dx.doi.org/10.1046/j.1471-6712.2002.00090.x
http://www.ncbi.nlm.nih.gov/pubmed/16558514?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12919865?dopt=Abstract
http://dx.doi.org/10.1016/S0736-0266(03)00054-8

