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Fig. 1 Cutting pattern design drawing
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Fig. 2 Sutured incision samples
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Fig. 5 The average strain around the sutured incision
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Fig. 6 True stress-strain curve of tensile specimen
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Mechanical parameters of biomimetic skin materials

Table 1

%é& ai M1 H2 az M3 as

B4 —1.022—1.01 —1.08 0.72 0.32 —1.31

2.2 HEEBEMET

BT bR B IR A R S L T AR
J12E B0 XA TR BE Ik 5 & 5 T 45 0 kAT SOE 1 5
GrHT A Abaqus R ST 5 R A [A] RO Y 48 153
T A RHE TR RE SOl LT 45 1) [R] 7R ) = B Og-
den A< F L.

WAL 7 TR A IROTRE Y i Sr P e R L R
JEVCE 3 mm. B B A S A A E R i A E
T A 0 R R Tt A A B S LOR i R A
A5 32 1 R BN, SEPR 48 i a8k B —E
AR BE » JLT- A2 K AR IR A HAERL M A vh 2 S A
oty 19 122 i 2 S T 1) T — A . 0 R O 3 5 T
0.2 mm.E G LML ERN 0. 2 mm. K
32 1A BN AL R 1] T80 A — f b SE LR T iE
e )l 1) A2 51 A JE MO SRR 100 YRR
PR 42 )y RS J) 0 JE AR =SB . R/ 0. 25
mm, A ) S B T Ak DL R R SL B A AR g
0. 05 mm. Jy 1 734 U1 1 R 8 145 98 U7 150 9 5k

DAL i)

K7 G YA R

Fig. 7 Finite element model of suture wound



LR

YL SAF . JUT R BUR 3 i B JIk 4% & D) F oK M REE 7T « 537 -

REMYSEIR I T 4 Fhagy) O, Jhgdt vy 4 AT,
2.3 W ERBEENS N

ML b3k 4% A 5 T BB AR AL 1 8 S vk F SR
AN TR0 VTR AR 1 e Ik S5 5 45 0 5 T 1 el 5K 1 gL A0
Bl 8 s » VI B py % 2k % B AL T AR LY
P77 A Jmy ¥ L g U (R 0 {4 R Ak T L ) R
Y11 g o FLrp 2 AL A RS A1 B S mT LA 2R AL A
FA L g S 2 A o A E S .

Z S BEEEM O W T AA — & 4
BE 0T LUORR 5 1) 1 R 4 18R B R [ Tl
L 3 o [) B 285 B S A ] DA o g s V) H B A

1 781
1.187
0.593
O 065
1 .654
1.102
0.551
0 042
1 245
0.832
0.415
0 031
1 124
0.749
0.374
0.021

BLA]
l2.642
\N 1.763

44 I 3 {74 R R L ) B ARG, S ] 8 7. 10
N.20 N 2 & . 5L B U 1A Z 291 1 R B
e B Z 4 e by A R L S R R 4 8
1B R ) 5 Sy o3 B 24 0% 138 F) 30 N 2 48 H U
1R Z JE0) 11 & iR I F 2 5 22 05 1) 0 ] 7 U
1 5 DX ) 9 25 WS 18 T S B A 4 JE 1
1R I A 2 ST 43 W 50 U TR 110 1 00 S B K e
R[] B SIRE U A 17 3 9 U0 1 0 BOROR: S RIVD5K
ROR A dy 1 R] LA B =S B B 0 17 g 06 fE#R
G A FE AL TR B e R B E A 5K g 43 A 32
BELR ALY N ) e E

30N
N3 N
I3,852 5 935
2.568 3 957
| 1.284 I 1.978
0.084 0 134
BLA)
l3.712 5 478
2.474 3 652
I1.237 I1 826
0.063 () 123
5 124
3 172
I0.882 1.586
0.051 0 105
N3
2.542 4 948
1.694 3.293
I0-853 I1.534
0.026 0.112

K8 A LES IR LR ) A

Fig. 8 Comparison diagrams of stress distribution at each suture incision
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Fig. 10 Comparison strain distribution diagrams of each suture incision
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Fig. 17 Comparison of principal strains between numeri-

cal simulation and DIC measurement
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A Geometry-Driven Investigation of the Tension-Reducing

Properties of Skin Suturing Incisions

Hao Jiang' Xiaogang Ji'*? Linlong Xu'
(!School of Mechanical Engineering » Jiangnan University ,» Wuxi, 214122)
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Abstract The stress exerted on skin during suturing plays a critical role in the healing process of
postoperative incisions. Understanding the underlying mechanisms and patterns of skin stress in different
suturing methods is therefore essential for optimizing surgical outcomes. In this study, four common sur-
gical incision geometries were designed for investigation, including the traditional straight incision, as well
as Z-shaped, S-shaped, and sawtooth-shaped incisions. All incisions were standardized by their horizontal
length and incision width to ensure comparability. To address the issue of excessive specimen deformation
compromising experimental data accuracy, failure load tests were performed on each suturing structure.
These tests established appropriate load limits to be used in subsequent tension-reducing performance as-
sessments. Material constitutive models derived from tensile tests on skin specimens provided the theoreti-
cal basis for analyzing the distributions of stress and strain along different incision patterns. Additionally,
digital image correlation techniques were employed to capture detailed strain distributions occurring within
the suture zones during the suturing process. By combining experimental data with numerical simulations,
the study further elucidated tension distribution in skin at the suture line. The results demonstrate that in-
cision geometry is fundamental to reducing skin tension during suturing. Compared with traditional
straight incisions, Z-shaped, S-shaped, and sawtooth-shaped incisions exhibit longer effective incision
lengths and intrinsic curvature, both of which contribute to lowering suturing tension. The tension-reduc-
ing effects are most pronounced under low to moderate external loads. Although these effects gradually di-
minish as external loads increase, they remain significantly superior to those observed with straight inci-
sions. Notably, the sawtooth-shaped incision displayed the lowest principal strain at the suture line under
equivalent loading conditions, indicating the most effective tension reduction among the four incision
types. These findings provide valuable biomechanical insights that could inform the design of suturing
techniques to enhance postoperative skin wound healing rates and improve clinical outcomes.

Key words skin incision, incision tension reduction, interface mechanics, digital image correlation,

numerical simulation





