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Abstract: Stress urinary incontinence (SUI) occurs when abdominal pressure increases, such as sneezing, exer-
cising, and laughing. Surgical and non-surgical treatments are the common methods of SUI treatment; however, the
conventional treatments still require continuous and invasive treatment. Laser have been used to treat SUI, but
excessive temperature increase often causes thermal burn on urethra tissue. Therefore, the optimal conditions must
be considered to minimize the thermal damage for the laser treatment. The current study investigated the feasibility
of the laser irradiation condition for SUT treatment using non-ablative 980 nm laser from a safety perspective through
numerical simulations. COMSOL Multiphysics was used to analyze the numerical simulation model. The Pennes bio-
heat equation with the Beer’s law was used to confirm spatio-temporal temperature distributions, and Arrhenius
equation defined the thermal damage caused by the laser-induced heat. Ex vivo porcine urethral tissue was tested
to validate the extent of both temperature distribution and thermal damage. The temperature distribution was sym-
metrical and uniformly observed in the urethra tissue. A muscle layer had a higher temperature (28.3 “C) than muco-
sal (23.4 C) and submucosal layers (25.5 C). MT staining revealed no heat-induced collagen and muscle damage.
Both control and treated groups showed the equivalent thickness and area of the urethral mucosal layer. Therefore,
the proposed numerical simulation can predict the appropriate irradiation condition (20 W for 15 s) for the SUI treat-
ment with minimal temperature-induced tissue.
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Fig. 1. (a) Prototype of balloon-integrated diffusing applicator and (b) geometry of balloon-integrated diffusing applicator
and urethra tissue for simulation: isotropic, longitudinal, and cross-sectional views
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Table 1. Thermal properties of urethra and balloon-integrated diffusing applicator [14-17]

Properties of model elements

Material k [W/m-K]
Urethra 0.46
Balloon 0.03
Cooling liquid 0.57
Muscle 0.49

¢y [IkgK] p [ke/m?]
3306 1102
1155 374
4231 1106

3421 1090
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Table 2. Physical parameters of urethra and muscle [18-20]

Physical parameters

Parameter Values
Mucosa/submucosa Muscle
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Fig. 2. (a) Cross-sectional images (top) and longitudinal image (bottom) of temperature distribution within urethra layer in
simulation and (b) temperature profiles measured from measurement line in longitudinal view (M = Muscle; SMU =
submucosa; MU = mucosa). Note that a color legend on the longitudinal view represents temperature (C)



Journal of Biomedical Engineering Research 44: 85-91 (2023)

2ET. 8= Hup gyt 2253 vlaste], 253
Oﬂﬂi S FE7F 7 vERT. jhE, 7P W2 2=
E= 78 AR ok FA 7 E LHTOM SRl
% 2b)ollA, 220 F7HA 2= -5.8 mmol|A] 5.8 mm7t
A1) x &0 A (d 2(b) 2% 17 measure A1) 3
T2 SAESUL x=09] 9AE VElr, 2 £E= #
S4F A 7HEE 90l Ao FUsHA e &
T 38304 22 XA 283 TE F7IetaL, $41
7HeE] WL a1 22.3 T7Hx| 27ttt Eat, Wzhg
HA7F 23k FA 7HEE WRs 27] 2= 10 TojlA
14.8 C7HA Z7}51%t).

r{n: o)u

EE} °F 1.8 TC Y& 28 74]4&191@. 1s

7} AG T Azl meh £E7b F7REE B, 234 C
744 Z71stedct. Hutsh A Fel A dlolA 24t 05 sl
w7} AR AR S7kstel 23 L= 255 T

7kt 19 3(b)y= AlEdolAS F8l Akt Axket
AR 8% HuZolx FBG AAE 53 23E Blasts)
t}. FBG AlAE Sl 49 8% U39 27] 25
16.8 T2 ZA= k. 9% 229 20 W 7421 980 nm
#o|A7t 15 s S AEH 8= Hup 22)0] i 2x=

35
(a) —— Muscle
—— Submucosa
— 30L Mucosa
&
g
=
-@' 25+
0]
Q
5
= 20 -
15 +
0 10 20 30

Time (s)

24.2 T2 ZAEt. A& oo 27| 2% dy]
7He & ¥ig= 6.4 Colw, 4A] FBG AANE B3l &
H er Hol= 74 T2 {ASIAT

o|N

ol

3. ot &y &4

Y A= 16 B3 20 W mHIS AR 5, Fud
P goor dF gL Holwrh Algd ool
gofAle] ofsf fid G gL WE 8k 2HA T
AEA] okt oIS 3] sl 1Y 4(b)e dHElt
HEZE oA 24 1)l MT d4E o 23 oy
A el MT @8& g o 22 o g9, det
3k 8l 2550] HEsH F2E Aelsgleh. A 8% =
A ZEh sl 250 a4 &g wishe %*&4 SHA Ak
o 89E $Al HEHE e e 2] 8% Huse]
e it 2EelA B 0.08 mmo|gon], Adto
A= 0.075 mm= SF=QIch t2at B ARlwle] 5] 2
ol 79l Yleg SISt w3, Ao WA WA
iz 9 ALelA 22t 2.2 mm?, 2.0 mm?o 2 fAb
A frelmlet Aozt EAYEHA] okt

V. n& 2 A2

& A 38U T4l THEES 8% 24 Afojef 2
w2 Y A EFE A, A 9 A gyer
s &= S7F 9 22 Ay are] Ay 9l A
2ahsel wlsl] 53] H % Q~— e ofefeh §

olth. w3}, 1 39 FBG Al
1polA SEE dlold 24 F

(b) 30 —
—— Simulation
——— FBG sensor
L o5}
g
=
o
8 20
2 L
[}
|_
15
1 1 1 1
0 10 20 30

Time (s)

T3 3. () 8% 249 T 2k Hisle] digh AlEH oA, (b) A&l FBG Al = 5743 A4t 2= vl
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temperatures measured by simulation and FBG sensor
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