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A Study on Medical Device for Cold and Hot Hydrotheraphy
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ABSTRACT

In this paper, we have implemented a device for treating pain, infection, swelling, and fracture of the affected
part of acute chronic muscle disorder by supplying cold water and hot water to a dedicated cuff wrapping the
body part at a uniform pressure. This device supplies cold water and hot water through the cuff, air and water
pump for circulation of air and hot and cold water applied to the affected part, Peltier element and heat
exchanger, cold water tank for circulation, hot water tank and control and a touch TFT LCD control unit for
monitoring, and is constructed as a heat insulating structure for preventing heat loss and condensation. The
optimal performance conditions for the maximum and minimum temperatures per unit time were tested by finding
optimal pressure conditions for the human body cuff and by monitoring the skin temperature to precisely

measure the temperature during cooling and warming.
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Fig. 1. Overview of integrated medical hydrotherapy
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Table 1.Celsius temperature classification of hydrotherapy
mode Shriber | Zirslis |Priessnitz| effect

very cold 0~12 | 1~12 - anesthesia

cold 12~18 | 12~18 | 18 .

cool 1826 | 18~26 | 13~23 | Somulus

tepid 26~33 | 26~33 | 26~33

neutral 26~33 | 33~35 | 33~36 Calm

warm 33~37 | 35~37 -

hot 37~40 | 37~40 | 37~40 .

very hot 207 | 4046 | 4o | Stimulus
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Table 2. Disadvantages and problems of existing
products

Disadvantages problem

It can not effectively cope with various
Cold musculoskeletal diseases by using heat
pads.

Due to the structure in which ice should
Ice preparation| be put in a separate water tank, it is
inconvenient to always prepare ice,

Because of the lack of water
temperature control function, the user

Temperature .

does not feel comfortable in the cold
control L

because the user feels pain in the

muscle

Decreased therapeutic effect due to
Thermal

. external loss of set temperature up to

preservation

skin contact

Temperature Sudden temperature change causes

change system failure
There is no separate level sensor, so you
Check the .
have to open the system and check it
water level
yourself
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Table 3. Performance status of major manufacturers

Temper Water | Tempe
Manufacturer | ature | Air cuff | carry | level | rature

control check | check
Game Ready X O O X X
Air Cast X X O X X
Peltier-type o N o N N
chiller
Thermotek O O X O O
UTI Jello X X X O O
CSZ Kool-kit O X X O O
Integrated
water treatment| O (©] X (@] o
machine
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Table 4. Specifications of TEC1-12706T125 (Xinyu Kai
Meng, in China)

Mode Vmax | Imax| ATmax | Qmax

Number Couples wlinl © | m LxWxH [R(Q)
TECI

1061125 127 |152| 6 | 67 | 61 | 40039 |2.04
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Table 5 Function by mode
Function
poultice . . .
Mode (Tempe Air Air Air Remarks
Shower | Pressure | Turbo
Tatre)- | goject | -Select | -Select
basic
Default
1 (0] - (0] - Mode
(13C)
2 (0] (0] - -
3 (0] - - (0]
4 (0] (0] (0] -
5 (0] (0] - o
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6 How control works by application

Main

Mode No work

function

Start
On

Left cuff (pressure sensor 4 recognition)
- 12 seconds pressure

Left cuff - hold (hold function when pressure
reaches the reference pressure of 12 seconds)

3 |Left cuff -48 s Vacuum pressure

Right cuff (pressure sensor 5
recognition) -12 seconds pressure

Air U-cuff-maintenance (maintenance function is
Pressure 5 |performed when the pressure reaches the
reference pressure of 12 seconds)

6 |Left cuff -48 s Vacuum pressure

‘When using left + right cuff:
1-2-3-4-5-6-1-2-3-4-5-6- ...Repetitive operation

When using left cuff only: 1-2-3-1-2-3-
...Repetitive operation

When using only the cuff: 4-5-6-4-5-6-
...Repetitive operation

Air Continuous operation (left and right cuff not to

Shower be distinguished)

Airbag pressurization (pressure sensor 6
recognition)

Left cuff (pressure sensor 4 recognition) -12
seconds pressure

Left cuff - hold (hold function when pressure
Air reaches the reference pressure of 12 seconds)
Turbo

Left cuff -48 sec Decompression and airbag
pressurization (Pressure sensor 6 recognition)

Airbag - Maintenance (maintenance function
5 |when the pressure reaches the reference
pressure of 48 seconds)
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Main Main
Mode i No work Mode i No work
function function
6 Right cuff (pressure sensor 5 recognition) -12 Left + right cuff simultaneous use:
seconds pressure *  |1-2-3-4-5-6-7-8-9-2-3-4-5-6-7-8-9-2-3- ...
repeated operation
U-cuff-maintenance (maintenance function is Wh ne loft cuff onl
en using left cuff only:
7 |performed when the pressure reaches the * 12-3.4.5 2g3 4523 Ry it G
----------- ...Repetitive operation
reference pressure of 12 seconds) P P
; When using only the cuff:
8 U-cuff -48 seconds pressure reduction and airbag 1-6-7-8-9-6-7-8-9-6-7- ...Repetitive operation
pressurization (pressure sensor 6 recognition) i
Stop Pause 1 |Pause drive
Airbag - Maintenance (maintenance function
9 |when the pressure reaches the reference Start ReSta‘n 2 [Returning to operating state (restart)
pressure of 48 seconds operation
When using left + right cuff at the same time Vacuum | Electric . .
*|11-2-3-4-5-6-7-8-9-2-3-4-5-6-7-8-9-2-3- reloase off 3 |Electric off (switch-1, 2 off)
...Repetitive operation -
1 |Cuff + radiator r
. | When using left cuff only: u radiafor recovery
1-2-3-4-5-2-3-4-5-2-3- ..Repetitive operation . i
2 uft + radiator recovery
. | When using only a cuff: 1-6-7-8-9-6-7-8-9-6-7- WaterD | Water
...Repetitive operation rainage | recovery | 3 |Cuff + peltier count
1 Left <;uff (pressure sensor 4 recognition) -12 4 |Cuff + peltier count
seconds pl’CSSuTC
5 |Repetitive operation: 1-2-3-4-1-2-3-4-1-2-3-4
9 Left cuff - hold (hold function when pressure
reaches the reference pressure of 12 seconds)
3 |Left cuff -48 s Vacuum pressure 1. AE'?:I‘I al :l_fél'
4 Right cuff (pressure sensor 5 recognition) -12
seconds pressure 1 .
Air M= A&
Sh + U-cuff-maintenance (maintenance function is 3.1 e |='
ower )= = = - = -
N 5 |performed when the pressure reaches the 5—?—3‘5_6‘1— %—‘5}} _/F_]]EE] S 57 ]’3]‘7 ] -?4'0‘““] <7l
i
reference pressure of 12 seconds) 1__ - — -
Pressure % 11>9’]‘ 7151_% Aé’o“ A] é% ]ohﬂ]‘g}‘ 7‘]3—71’% %B]E]'l
6 |Left cuff -48 s Vacuum pressure
2~ T o O B A= b
: ; Fol] A7 8 A F v A A Felleo] =,
; When using left + right cuff:
1-2-3-4-5-6-1-2-3-4-5-6- ...Repetitive operation Elo], ofo]HZ QEEE =35 AMEIIEE A )]
i : 1-2-3-1-2-3- o 35l = 2~
B When using left cuff only: 1-2-3-1-2-3 %EH‘_:']H, /\éxé OHLE“:}l, Oé '11“% T7]> 7]'0HL/71:]!—0HL, Sz
...Repetitive operation -
o &A1 nE /K] 7re- z_;dg]_o:h:].
= =2 = = e}
; When using only the cuff: 4-5-6-4-5-6- = = = B o
¢ . P . —=. .
...Repetitive operation /‘a] ﬁ] 7E:-]__' — <3t 7> %317]'7]‘11;‘2' _‘J:'_‘:HE KTR(B{_]'%
1 Airbag pressurization (pressure sensor 6 ﬂ—ﬂ%ﬂ'*]%ﬂ?‘%‘l) 0" A]Sé ﬂﬂ ?‘5]'031 7&-74'%‘ E%"S]'
recognition) o3
AR
9 Left cuff (pressure sensor 4 recognition) -12
seconds pressure 7. 3047]%{_7_3]
5 Left cuff - hold (hold function when pressure Table 7. Evaluation standard
" |reaches the reference pressure of 12 seconds)
Key performance . .
Left cuff -48 sec Decompression and airbag o1 unit Goal of evaluation
4 o » indicators
pressurization (Pressure sensor 6 recognition)
- - - - o Min 5
A Airbag - Maintenance (maintenance function Tempera[ure range C M
ir 5 |when the pressure reaches the reference ax 50
Shower +
pressure of 48 seconds) Min 5
Air
Turbo 6 Right cuff (pressure sensor 5 recognition) -12 Set pressure MHg Max 180
seconds pressure
U-cuff-maintenance (maintenance function is Thermal CyCle CyCle/ mm Min 3
7 |performed when the pressure reaches the Within 1 ”30” of
reference pressure of 12 seconds) Pressurization / pressure
. sec .
U-cuff -48 seconds pressure reduction and Decompression Decompression
8 |airbag pressurization (pressure sensor 6 within 10 *
recognition) Tank heat loss and o
- - - - . C/min 5
Airbag - Maintenance (maintenance function storage time
9 |when the pressure reaches the reference

pressure of 48 seconds)
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$H4-%](Sequantial Compression Device = IPC)
£ 200~300cc A=zl vl 180mmHge] =S =&
st gd Aol wet 300mmHg 7k 71850l = 7+
oS AAIBs Zlo] ®ogolrh

T =4
8 Temperature range measurement

=]

8.
ble

—

a

Test criterion: Suitable when reaching the
following temperature within 1 hour
Measurement (a): (5 = 2) ° C
Measurement (b): (50 = 2) ° C
Test method: Measure the temperature in the
Test | tank using digital thermometer
Ttems Measurement (a): Time measurement (5
minutes interval) until reaching the cold water
bath (5 +2) C
Measurement (b): Time measurement until
reaching the hot water tank (50 = 2) C
(every 5 minutes) = Up to 1 hour

Measurement (a): After 20 minutes, it
reaches 5.6 ° C.

result Measurement (b): After 12 minutes, it reaches
50.5 C.
9. Y 24
Table 9. Set pressure measurement
Test criterion: Compliance is met when the
pressure below is reached, and whether it is
within 1 minute and 30 seconds of
measurement (b).
Measurement (a): (180 +/- 20) mmHg
Test Measurement (b): (300 + 20) mmHg
Test method: Measure pressure in cuff using
Items

digital manometer
Measurement (a): Pressure is applied to the
cuff to check whether it reaches 180 mmHg.
Measurement (b): Confirm that the cuff is
pressurized to reach 300mmHg, approve it
within 1 minute and 30 seconds.

Measurement (a): reached 180 mmHg.
result Measurement (b): reached 300
mmHg.Measured value 11 seconds

3.1.3 & &3 7|

WeE 200cc ¥ 25 LILY EE 19
455cc(1L = 1000cc)<=3HA17|H °¢ 13l =
oF 23], &xw oF 13371 H=FE
<3t = 5 9k

Az 82| 140cco| B2 AAR 450cc F&o=R
Yot deE 59 Se Ags 5 e o
7 EHEl9l7] wiel o] & uidsr IR 3ch
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71220 75F 2 ARFSH A7k A 9le] wet
cheAR, b e HA) 1xold Y 60k 73

oA B71e Ttk gere AAekES Y 4
ol meb s Tieh 2 PARle] Zstehs A9
oIk

E 10, Qeair] 27

Table 10. Thermal cycle measurement

Test criterion: Suitable for the following flow
rate (amount of water) flowing in 1 minute,
450cc or more

Test | Test method: Measure the amount of

Items | circulation of water in the cuff using the flow
rate (amount) Measure the number of
circulation of water

(Note: cuff capacity = 150cc)

Reference value: 450cc or more
result
Measured value: 520cc or more

E 1. 7Iss 54
Table 11. Pressure /| Decompression Measurement

Test criterion: Measurement (a): Fit when
reaching (180 + 20) mmHg within 1 minute
30 seconds (pressurization)

Measurement (b): suitable when reaching (5
+ 5 mmHg within 10  seconds
(decompression)
Test | Test method: Measuring pressurization and
Items | decompression time using stopwatch

Measurement (a): Pressure is applied to the
cuff (180 + 20) to measure the time to reach
mmHg.

Measurement (b): Measures the time until
the operation stops (after depressurization) (5

+ 5) mmHg.

i Measured value: Measured (a): 8 seconds
result
Measurement (b): 5 seconds

www.dbpia.co.kr



E 12, 72 44 9 BEAZL
Table 12.Tank heat loss and retention time

Test standard: It is suitable if the storage
temperature change of water in the water tank
satisfies the following values, and it is suitable
to show the change within 5 C / min after
stopping the temperature range test.However,
if it exceeds the allowable temperature range,
it is not suitable.

Test method: Measure the temperature in the
tank using digital thermometer

After reaching the cold water tank (5 + 2)
C, stop the operation and measure the
temperature change of the cold water tank
(change measurement up to 5 minutes at
intervals of 1 minute)

Measurement of the temperature change of
the hot water tank by stopping the operation
after reaching the water tank (50 + 2) C
(measurement of change up to 5 minutes in 1
minute interval)

Test
Items

Reference value: within 5 C / min
Measured value: Change in cold water tank:
result | 0.8 ° C / min

Hot water tank: shows a change of
0.1 C / min

3.1.6 2= m=MH

o] AHolAE <13) 15>} o] TFT LCD A
oA SRR, WESEEE, FRLE, I9E
=, QU esk Al ARPgste] WE AL
SRS WalEel S A FF5stel mEE Abs

g 7o) SHele}

Patient
fot
§

o

Fomentation

4 EEH b

4 =3 b

Recovery

4 EX3 b
4 [EEE b

a2 15, 2=d=d
Fig. 15. Temperature feedback

32 Al2g 73

3.2.1 7" TFT LCD E/HA

a8 16. 5 FAE7] AEdeld A
Fig. 16. Screen with integrated water treatment simulator

3.2.2 AM2" GUI

27l 17. §% 442 GUI S
Fig. 17. Integrated hydrotherapy GUI screen

3.2.3 78 # & TRz EA|

<I¥ 16> 4547 B1A| TFT LCD A&#e]
A 2o delolel Aoz Aolat 4
SLES T o)z, <28 17> 3] W AETE]
7Fs3t B3 #8719 GUI o, <a¥ 18>+
s oh Az vepdc)

a8 18, ¥ 5% FAE A 2L A=
Fig. 18. Cold and integrated water treatment devices and
cuffs
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