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Abstract: A theoretical model has been established to address the difficulties in measuring the
internal temperature distribution and morphology of biological tissues during the laser treatment
of dermatological diseases, as well as the problem of suboptimal therapeutic outcomes caused by
doctors’ selection of treatment parameters based on their experience. This model utilizes pulsed
photo-thermal radiation (PPTR) to reconstruct the skin structure and enable intelligent laser
parameter selection, thereby assisting in laser treatment. Three inverse algorithms, namely,
truncated singular value decomposition (CTP-TSVD) with a custom truncated parameter
selection method, Tikhonov regularization (L.-Tikhonov) with the L-curve method for selecting
the regularization parameter, and conjugate gradient with a predetermined number of iterations
(GNI-CG) were used for simulation calculations. An error evaluation function was established to

analyze and compare the reconstruction effects of varying epidermal layer thickness, lesion layer
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thickness, and depth under the three algorithms. Additionally, skin mimics were fabricated for
ex vivo experiments. Based on these experiments, a study was conducted to explore the
application of clinical treatment for nevus erythematosus. The results demonstrated that the
comprehensive performance evaluation indices of the three algorithms, namely L-Tikhonov, GNI-
CG, and CTP-TSVD, were 0. 066, 0. 082 and 0. 126 respectively, in descending order. This
finding confirms that the three inverse algorithms are capable of maintaining a high level of
accuracy in reconstructing the vascular layer of nevus erythematosus within the typical depth
range. The results of in vitro experiments and the clinical applications demonstrate that the
PPTR model proposed in this study has the potential to address various aspects of the epidermis,
lesion layer, and other tissues, including temperature rise distribution, thickness, and location.
The accuracy of the reconstruction results can meet the treatment needs. These findings provide
some quantitative guidance for the selection of parameters during laser treatment procedures.
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Fig. 1 Model of pulsed photothermal radiation in dermal laser therapy
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Fig. 2 Patient’s skin and simplified model
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Fig. 3 Comparison of reconstruction results of each inverse

algorithm under different epidermal layer thicknesses
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Table 1 Evaluation index of each inverse algorithm under

different epidermal thicknesses

€a,

SUINER7N d\= d\= d\= d=
0.05mm 0.10 mm 0.25mm 0.40 mm

CTP-TSVD 0.058 0.077 0. 060 0. 059

L-Tikhonov 0.068 0.072 0. 045 0.043

GNI-CG 0. 060 0.071 0.050 0.048

k2 BHFLEERF PWS ZRFET 640354
Table 2 Evaluation index of each inverse algorithm under

different PWS layer thicknesses

€a,

SUINERTN d, = d, = d, = d, =
0.Zmm 0.4mm 0.6mm 0.8 mm

CTP-TSVD 0.058 0. 045 0.03 0. 060

L-Tikhonov 0.068 0. 055 0.041 0. 060

GNI-CG 0.060 0. 046 0.030 0.054

k3 B ik ERE PWS B¥ iR E T e Miiss
Table 3 Evaluation index of each inverse algorithm at

different PWS layer central depths

&,

WA 2= 2= 2y = 2=
0.23mm 0.43mm 0.63mm 0.83 mm

CTP-TSVD 0.058 0.171 0. 295 0.535

L-Tikhonov 0.068 0.088 0.185 0.173

GNI-CG 0. 060 0.083 0. 084 0.129

B4 B k6 4 A 38

Table 4 Comprehensive evaluation index of each inverse

algorithm
ﬁﬁ% gf1| gdg glg émml
CTP-TSVD 0.065 0.048 0. 265 0.126
L-Tikhonov 0.062 0. 056 0.129 0.082
GNI-CG 0. 060 0.048 0.089 0. 066

iR R IR AW AR R KIZEE PWS
JRIRRET .3 R S B TN A8 B ey, 43000 0. 065,
0.062,0. 060, TF-Hr 15 % €4, 430 0. 048,0. 056,
0. 048, B MNIFM IR HIY /N T 0. 1, 455 11 3.1 4 1
HAMLR, AT 3 AP SRR AR B T R A A
BORSTEAR TR PWS J2 il R 3 st 55 1 37
MaE8ce., 43510 0.265,0.129,0. 089, L5 GNI-
CG BILIITFM R EUNT 0. 1,454 8 5 ( FE g fh 2k
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Fig. 6 Skin phantom and infrared image
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Fig. 7 Schematic and actual setup of the in vitro experiment
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Fig. 8 Comparison of reconstruction and experimental results of PWS layers at different central depths
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Fig. 9 Comparison of reconstruction and experimental results of depth, broadening and maximum temperature rise of PWS layer
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PL2EE Candela #0064 RN 595 nm [ Vbeam
WOCIRIT AR B, AT 3k B 2 8000 B A 45 - Dk oe Ry
0.5~40ms, AP REHEH 0~ 20 J/em®, Bl R Ny
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Fig. 10 Patient’s face and infrared detection signals
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Fig. 11 Reconstruction of the initial subcutaneous

temperature rise distribution
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