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Table 1 The merits and demerits of real skin and skin models
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Fig.1 Schematic diagram of skin structure and electron micrographs of its main components
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Fig.2 The force associated with the needle tissue is related to the needle—stabbing process
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Table 2 The thickness of different skin tissues
F2 AREAEKRALRNEE

kA2 B2 JHSRR M5 T2 JE 5%
SCik

R 2 /N EHE A PP 5um [59]
W A~120HD IR R M) Fr W 10 um [55]

BT AN B Jik L) W% £710 pm [47]

F R SJE W HEPESD K BR Y)W 5% (65.95+3.18) pm [60]
/N HLY) Fr W52 15 um [59]

B (A~12H) BB R Ik HEAY) W2 20~100 pm [55]

22 ERHEHE (Jh106, 21261, 18~31%) 40 MHzBAYHIA  0.90~1.70 mm (iJE). 0.62~0.90 mm (i) [61]

Q7ML EIEH (414, 464951, 18~49%) OCT 100 pm [48]

BT B 0 I R R L) A% 80 um [53]

TR T AR N B R LAY 5% £5100 pm [47]

f SDK R L) Fr 5= (655.13£71.46) pm [60]
N RERAS HLY) 2 60 um [59]

W @~124HD Rk L) W 8% JIE-S [55]

WV JE O N 1k HAY) 5% 420 um [53]

B R 14442428 LA je 7 A (2.3£0.29) ~ (8.6+1.21) mm [49]
Ak HE TR (1 164+103) um [62]
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Table 3 The elasticity of different skin tissues
F3 FERBRALHEM
B ka1 B2 IR AR W5 I3 G E= BTN
5 )2 B A~120H) I R R YK H IR S (0.87+0.42) GPa [55]
/NEE ST 3.35 MPa [59]
9 JRF 7 A (200£150) MPa (-F). (50+14) MPa (&)  [63]
35~55% [ NI L (S SPATHR A ARAY 4~12 kPa [64]
F 34 W A~120H)D) B ik YK AR (0.21+£0.05) GPa [55]
(43+4) ZHNLMERIE YK H IR R (1.1£2) MPa [65]
/N E JF 7 S 2.7 MPa [59]
HH B G120 HD IR R YK IR R (1.91£0.88) MPa [55]
AN R JE 7 S 27.4 MPa [59]
N W (A~12N D IR Bk Eup AR AR (3.77+1.7) MPa [55]
25~38% 644 A N M F i Cutometer SEM 575 0.734%0.13 [66]
40~60 % 9842 V.3 L 14 i 350 Cutometer 0.86+0.07 [67]
ASE (T~10ED BEHE YK IR S (24.5+5.5) kPa [68]
G T~10FH) B YK IR S (45.9£9.6) kPa [68]
262 53 VE RIS 3 0 2 JEk K IR RS 22.13 kPa [69]
Table 4 The hardness of different skin tissues
T4 AEEKELENERE
B R B kIR W5 7592 g i E= BTN
il (15.6£10.0) MPa [55]
£3:4 B @~120HD IR R YK IR B (1.30£0.5) MPa [55]
HE (0.85+0.45) MPa [55]
E3S (1.43+0.58) MPa [55]
144 L Ve 35248 (17538 AR A 1 17~22 au [49]
18~30% . 31~40% . 41~50% %104 J3 4 2o P 33 1 ik Shore AZUfififiF (20.6£3.4) du [70]
245304 %R E Q34 FHMTA L) MFE Durometer 00 20~30 duro-oo [71]
224 B IRH I G105, L1261, 18~31%) 1600-00%! 38.5~51.5 au [61]
AR R R A T TS IR A B S L, B A e TR ]
Table 5 The toughness of different skin tissues
R®5 AEEKRELRBFIMHE
Bk R B kR UR W5 T3 FIE/ (kI m™) SR
FLH TR A R Wid i o0 17 [57]
B R Wit s T P58 4.1 [57]
L 1 9 JH e AT e 20.60+2.15 [72]
9JH e A1 4 TGRS 30.38+4.90 [72]
W70 T3k A 30 1 Jik B TID)E A 1.7+0.6 [58]
10~12J8 B 1) 4 B 348 B2 Jbk Wik 26.9+2.73 [73]
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Fig. 3 Skin models for different purposes
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Table 6 Skin models for different purposes
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F Y TC-5005 A/B/C PDMSHH# ANy ATHERTRINIR L, {EPDMSHR K
JNE R BT IGERINALIRN - AT R ELAS B A S W N TR EE [79]
TER AR A TR SRR A/ R VAR R e 30 ik F I 1) ST 4 AL e b B, (R ey [82-83]
EAE R B LT AR DL B IR 5t
JEE PR FRILFIPERIPDMSIR SR HIAS B R B R AT AN B AT, PR S0 5 00 POk I BE A [84)]
F s AEASCRR T B2 0k 540 11 S0k A ELAE P PR ASE AL
ACIR B U, T SR BB R R B BEEAT ey ARk [25]
S LR AR S R
FERR UL A 0 2, TR U A AT . (T, TR B AR S IR 3R [78]
SR TR B R B %, AR
JEAEUL B
DL B JEk Sylgard 184 PDMS 5K —REZHESG  /KERES). RINFHE. FAPERUR SIS RBRAR T, FoRREM I [26]
(IPVATR RS JHRAEROULAN 72 0022 T B 2 70 2 P e
WENSK AR BT 2R Lk S e SHSSRARRE AR 2, T BT AU A B [70]
BB WA HLGTLLIRPVA AH 26N, N-—H BT A SRS @& kR, AN RIESERIRSMTM AR, 2 [80]
Y ik F I e VR 5 T R 45 DO BB R BEAT TR, JCAE AR RN 6 8 B Je ) A1 P A
o
AT R B fIfE, AIVE ARSI NS TRBRME EE  [85]
HEVEAY
AP YRR B A & REMEATRA R RR ), BRI E) J1 2, Rz [75]
RSB S HSL B RIB & BOR K Rk
BB £ JZHBRINALAR I Strat-M™ AT, DA B A B ks s d (77, 81
R T BN T RS YIS E
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i IR AT IS
3D MARAL I DU R W A D A GIME SRS 5R KR AT ) 0 RS E T LU R T AR G, IR el [76]
AT A AT BRI 1 SR A AT FLBRAR LR VFE SRS R VR, (EAS TR0 A A 7 1 e
IR, 0 SRR AT A SR A5 0 () B SR AR Y
ANESFLZRET UM GPSC) AT LM BRI B ARSI IDI LG T, R T 50 B kb 225 B ks . [87]
227045 SchwannZH A 35 TRl 4 4L 41 AR BTG R
TR B I
Bl Befik B i CIHFEA BN REALTE RS W) K BT A SR BB sk, BRI AL 2B B g, [77]

Y

B B A TR ) KRR AR B L VT I AH RS T A XPLX B R 1) 50 Bonf Bz R B A= 0 5 4 iR 2 iy S 2R
IR AT &2 (XPL)  fEH
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Skin Models and Its Related Evaluation of Microneedle Puncture Performance”

WANG Yuan”, MA Feng-Sen"", WANG Yan-Ni", XIU Xue-Liang", LIU Yong",
SONG Wei-Min”, HU Xia-Xia”"
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Abstract The force, speed and depth of microneedle array penetration process are usually used to evaluate the
degree and efficiency of its penetration into the skin. The skin is the basis of its performance evaluation. The
physical properties of the skin are mainly determined by the combination of keratin filaments, collagen fibers,
elastic fibers and subcutaneous tissues, and reflect its impact on microneedle penetration from dimensions such as
thickness, elasticity, hardness and toughness. Mechanical, permeable, tissue and barrier skin models are used to
explain and simulate this aspect of real skin functions. Similarly, various skin mechanics models including
constitutive models established after skin mechanics analysis also analyze the mechanical characteristics of the
skin from the physical dimension. Real skin is complicated, with large differences, difficult access and storage,
and some ethical issues. Skin model can replace real skin assisted to a certain extent for the design, development
and performance evaluation of microneedle delivery system. The material involved in the model may be different
from the physical properties of the real skin, it cannot fully simulate the chemical composition and distribution of
the real skin, the tissue structure, and the interaction between the skin tissue and other tissues. However, the skin
model can be easily adjusted by changing those characteristic materials comparable to the skin and form a
simulation system. As for microneedle evaluation, it is more necessary to consider the mechanical properties of
the skin and the skin model. The skin model needs to have a surface barrier that is difficult to puncture like the
stratum corneum, and the hardness, elasticity and toughness under the barrier are similar to the real skin to
simulate the reaction force after the microneedle penetration. In these aspects, the simulation of a single
performance is relatively easy to achieve, but it is not easy to achieve a comprehensive performance similar to the
real skin. The application of advanced methods with higher resolution, accurate quantitative and real-time
dynamic evaluation of the penetration force and penetration rate of microneedle puncture can help us
systematically and accurately analyze microneedle penetration behavior, and the development and application of
3D skin tissue engineering products that are closer to the composition, structure and physical properties of real
skin can provide an effective solution path to help establish a more economical and applicable skin model. The
establishment of a standardized evaluation model will undoubtedly help advance related research and promote the
better industrialization and commercial application of microneedle array technology. In addition, the inherent
hardness difference caused by different materials constructed by microneedles, such as metal, monocrystalline
silicon and polymer materials, may have a corresponding difference in the penetration rate and penetration depth
of real skin or skin model, but this can be solved by providing differentiated judgment methods for different rigid
microneedles and formulating different indicators when setting skin model. Therefore, there is no need to design a
special skin model to evaluate the puncture behavior of different microneedle.

Key words microneedle, skin, physical properties, skin models, puncture evaluation
DOI: 10.16476/j.pibb.2021.0277

# This work was supported by a grant from The Key Science and Technology Innovation Team of Zhejiang Province (2013TD15).
## Corresponding author.

MA Feng-Sen. Tel: 86-571-88320218, E-mail: merrigen@126.com

HU Xia-Xia. Tel: 86-571-85290499, E-mail: xxhu@zjut.edu.cn

Received: September 17, 2021  Accepted: December 6, 2021



