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Effects of thermotherapy on paralyzed area in patients with spinal cord injury
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Abstract: Motor paralysis due to spinal cord injury (SCI) inevitably causes joint contracture, spasticity and
hypo-circulation in the paralyzed area. Thermotherapy on paralyzed area is empirically known to be effective in
rehabilitation to improve range of motion, make milder spasticity. However, less study investigated quantitatively the
effects of thermotherapy on tissues in paralyzed area, spasticity and circulation in patients with spinal cord injury. In this
study, we examined the effects of thermotherapy on paralyzed lower limbs in SCI patients by foot steamer for home use.
As a result, 10-minute of steam in SCI is effective to improve hypo-circulation in the paralyzed area and may be effective

to reduce spasticity.
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Fig.1  Foot steamer. The
subjects kept sitting with
knee joints positioned in 90
degrees of flexion at rest,
with their lower legs in this
steamer. We wound a towel
around subjects’ lower legs
to prevent steam from

leaking out.

Actuator

Fig.2 A: Ankle passive motion device. Four load cells
were mounted in each footplate, which measured
resistance force. B: Experimental setup. The subjects were
instructed to sit on a chair with knee joints positioned in
90 degrees of flexion and to be relaxed during
experiment.
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Fig. 3 Averaged data of concentration changes in total Hb in each lower leg muscle during steam (mean *=SEM,
GAS: n=14, TA: n=17 in SCL; GAS, TA: n=8 in NOR). Black triangular markers represent SCI, and gray square marker

represent NOR.
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Fig. 4 Averaged data of concentration of total Hb pre and post

steam (mean == SEM).
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Fig. 5 Typical example of thermography pre and

post steam. We confirmed that superficial
temperature of feet was increased after steam.



Table 1 Data of regression coefficients in measurement of
stretch reflex responses
slope y intercept
(mean £ SD) (mean =+ SD)
SCI pre 0.0022+0.0028 0.037£0.190
post 0.0018+0.0019 0.044%0.163
rate o{%t):hange ~190 19.2
NOR pre 0.0036+0.0015 -0.118+0.089
post 0.0029+0.0012 -0.100£0.062
rate of change _
% 19.8 15.0
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Fig. 6 Regression lines that represent stretch reflex

responses in pre and post steam (SCI:n=9, NOR:n=7). Thick
black lines and thin gray lines represent SCI and NOR,
respectively. Solid lines and dashed lines represent pre and
post steam, respectively.
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Fig. 7 Averaged data of angle-torque curves in pre and post
steam (SCIL:n=14, NOR:n=8). Solid lines and dashed lines
represent pre and post steam, respectively.
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