EREMAE $£38%5 £6H 2023F£128
Journal of Medical Biomechanics, Vol. 38 No. 6, Dec. 2023 1079

. -
XEH S 1004-7220(2023) 06-1079-07 i E.

83 TR B B R ) AR 45 2 4 T 5

FoK, FFEmM, BRI, &F M, FE K, HwEX
CRIFHLT R, R 2E TSRS, KJH 030024)

HE.BH 0T B R B 2 & LA BOAS R A 2L A W) F1 25 R, SR 7 s B TR )2 A U T
BGHRIES % Ak ETET CT SR8 , i ar AL R BR TR Ao fh-a % LA BRI 0 2 1k 20 20 2 Ak
A FI AR SE ST 245 . XoF L S Al 48 BT R ) D A 50 5 A BR T AR 25 51, 90 UE A AU A At B
AR 2 RAS  WF ST AR U 8 7 R AR B0, A3 AN TR A 4 40 P B4 R 0 77 Bk HE W PR T 8 s A B 4 43 18 100
5 SE I L AR SRR 7 ELE TR S LR S A S IR A S, AL A B4 A R T B 4 X
PR R  Jorh R LA S b BB 1) FE IO T B 2428 38 kPa, BYYIN T 2424 3. 4 MPa; 1fii A5 i 2H 21
B R R 75 BTEI S ST (E 43 518 22 kPa 55 4.5 MPa, ¥R IR AR B4 WIE R, &1 AL 23 —En
(RO /N B A, T e i IR B 8T . AR R A B — @ )5 I B B AR S Aoz, DA AR ) A%
LR, TSSO TR M 5 SR B A W ) AR A T B A I R SE M

KA R WEALBUG; RN T A% FIRITHHT

FESES: R 318.01 MERFRAERS . A

DOI; 10. 16156/]. 1004-7220. 2023. 06. 004

Biomechanical Study on Pressure Injury of Different Tissues in
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Abstract; Objective To explore the prone site of pressure injuries in buttock in sitting position and the
biomechanical response of different soft tissues, so as to provide references for effective prevention of deep
tissue pressure injury. Methods Based on CT scan data of the buttock, the finite element model of the buttock in
sitting position was established, including the bone, muscle, fat, skin tissues and cushion model. Tissue injury
was simulated using life-death elements. The pressure measurement data of the experimental cushion interface
were compared with the finite element simulation results to verify validity of the model. The mechanical state of
the sitting position was simulated, the stress and strain of soft tissues were studied, and the compressive stress
in different soft tissues and the possible damage after exceeding the limit values were analyzed. Results By
comparing the simulation results of the cushion model with the experimental interface pressure measurement
results, the model was proved to be effective. Stress concentration occurred in soft tissues below the ischial
tuberosity in sitting position. The peak transverse compressive stress and peak shear stress in gluteus maximus
were 38 kPa and 3.4 MPa, respectively. The maximum compressive stress and peak shear stress in adipose
tissues were 22 kPa and 4.5 MPa, respectively, which did not appear directly below the ischial tuberosity.
Conclusions Deep tissue injury may occur when soft tissues are subjected to a certain magnitude of pressure
load within a certain time period. When the sitting position is maintained for a certain period of time, the position

7 B3 :2023-04-04; 1&[E1 H #A:2023-04-26
E4WA . ER A RFIARA T H (12272251,12102285) |, ILIPE 4 FFAERAWFSE 0 H (20210302124524)
BEEE . LEX,HH%, 14 00, E-mail : meiwen_an@ 163. com



EREMAE $£38% F6H 20235128
1080 Journal of Medical Biomechanics, Vol.38 No. 6, Dec. 2023

should be changed in time to reduce the probability of pressure injury. This study provides biomechanical
references for the prevention of pressure injury, and has important clinical research values.
Key words: pressure injury; deep tissue injury; compressive stress; sitting position; finite element analysis

FETIPES 3805 R R RS, A — ol e Ik /8
Fe T BRVER 47 , 38 e A TR B S AL ) 4K
AL, s I R AR S E T R
(8 A D DR 3 52 2 | HL DR 0 56 B AR I L TE ARG
70% HHE K AEAE 70 2 DL L REAE AR BAEA
()RR ZUPE R RAE 8 3 T Hh BB Ak, O HoR 24K
TTahAMER R NGB A RT3, P45 H e feta b
MYEFIAC IR 12 h, X 3#E— 20 R 1T N &R R )
R R, e A R AR A S Y T I AR B
TR E AL

H XT3 19 24E 1) 1 2 iiE 98 R 2 4 vh T Ak fir
S RN T AR B R 7| R 72 43 A R S AR AR
J& . Linder-Ganz %55 g 7 AR A0 B30 e R 1 D) F A
AU A T I AR E A5 W) Ak TR S A REAE O X
ANFZZ R A BT B S3E AT o0 A s 45 R R W,
Ry g 72 ¥t AR PR LA 4 2, Macron
SOV T AR R SRR A A N 41
TESZ FEIE Y ) 20 7 5 45 SRR WY, N 1251 )z
L B OB S A, BB A 5l R A B U
B AERIRL A XA R B AT I 0y, R
PR SN [R) A 5 0 A= 49y g 2 7, AN () S A 406k
ST R ZERE SR B B E AR 25 57 )
BN R ST T AH L0 T 2 M T, 4 A B T
B AR L E Y I 22 RS . A SCd S Ak
TEAAE AL RLARAS 1) =4 A FROTH A A X 53 T L
PR B 7 0 B Bk ZH 2, 0 A S P R AN [) i A LY
N7 AR L, B 5 B2 SR 2 N ) i R
(B 5 P E s B0 1 O

1 #R5EFE

1.1 HEEIET

1.1.1 =482 MmE MNESYZHREEFE D, ik
1 2 B IRfl R B AR IE R, H AR A Ui 0
AT 55, 3R BOH: DICOM 4% =X 14 11 53 AL 18 J2
( computed tomography , CT) A E% . ¥ DICOM 3¢
A5 A Mimics 19. 0 B4, B 2050 258 3 S R il AR
PR E % AR IS 2 5 15 2 (0 B B — e A

A STL #8230, 715 A Geomagic Studio A4 H X}
BRI T SR B AE E AB AN LA RS BRI B K et %
[ R A0

FLWR i A B A 4> #0752 CT 3485 B b 43
BB W A A 20, A0 48 B2 0k BRI AL IR 2 2
H T A A5 s A PR S o B2 S i Y B AR AR AE A B
I X 2 B 0 R 4 S I R e i L
A7 AT fE B TR 2 R K 2R IR T AL
T2 fph s 200 30 Ab 4 UL PR AL 280, 0L A £ 20 4 s 2 B
S, R AR WL AL, Hor R K LA R A
KAGALA, I HAE AL AR S A AR 45, A
Y528 Sk s, AR Al-Dirini 45 # 57 9F:
I P A1 228 N AARRE A R OCASE A, R 22 A i fi
TEEF SRR R ILEAT 05, o BB e ke
F R RES: — 5 K 1.5 mm, B DICOM SIS A
Mimics 3K, X 43 % 58 B LA B2 Bz R B AY 464748
8RR AT

WA A #5 B RE B A/ A R L A2/ A
B B, A2/ A R R L RR R R R B 3 A
SolidWorks 2019 X4, 275 A& A 57 #5856 715 et itk
A0 Sk BB SR R AT B A P RS A, 8 LAk
VP B B R AR G T, R LA AR 47 B LA e
BRI RIAT RN M, 76 PR AR Y PRy 3 2 A7 3
FARAE B AT IR T, BB 5 LR AR 43 Je 45
SRR E R IR Wi 42, HLREA SR UE 45 Al
ZIHRFHEEXRR(WE 1),

(2) BEE B LB (b) BAOE B BRMLR Bk

E1 SUBEH=gRE

Fig. 1  Three-dimensional model of the buttock in
sitting position (a) Bone and skin models of
the buttock, (b) Section view of bone, gluteus

maximus and skin of the buttock
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Tab.1 Finite element model parameters of the buttock
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jiiN= 17 541 4582 2.0
HEE (£) 23 480 2 446 2.0
W () 23 678 2453 2.0
s B (£0) 10 242 5983 2.0
BB (F) 10 287 6018 2.0
BRWL(E) 37 384 8 924 2.0
ERNL(AT) 37 565 8 963 2.0
JIg i 14 533 848 108 034 1.0
)94 107 662 36 060 1.0
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Fig.2 Contact pressure test in sitting position
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(a) Pressure test on sitting position

(b) Pressure distribution measurement system
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Fig. 3  Experimental measurement and finite element analysis results ( a) Experimental pressure distributions,

(b) Equivalent stress and pressure distributions of simulated cushion, (c¢) Validation results of the model

2.2 ERERETHIHEREER DX Ay A L 1 B 5 i s RV UL 2 B8 T v
2.2.1 BRAZKNERAGEH A FaR EEE HO BRSNS R X, Al A
(A S-S Rt SE= giOLEN N QAN = 4 el R 7 R < VA SO SH 2R R DN IS SN ER DNIINEi5h S N
Lo b B e f9 3 1w R B g e, P JumlasE) 38 kPal UL 4(b) ], WL R TR 4121

AN PTG R AT, B 4(a) i BYRRL N (2950 22 kPa) . Bz Bk (9 i R 7 W fE

FEAMPa N FEAMPa
038 J

. JE F7 048 /MPa

]
S omxm 5%_[

(c) WAL Z VIR 15347 (d) AL Fy e E
B4 HAREMHFME

Fig.4 Biomechanical response of soft tissues (a) Stress distributions of soft tissues, (b) Compressive stress

distributions of the right gluteus maximus muscle, (c¢) Shear stress distributions of soft tissues, (d) Peak

stress of soft tissues
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Fig. 5 Finite element simulation of soft tissue injury (a) Failure

of element life and death for the muscle model, (b) Failure of

element life and death for the fat model

3 g

JE TP 3 2 42U R i, 3 T L 240
PR AT L E R 5K i, I VA 34 32 B, 20 4L A
St L TS A RS0 14w DR 8 LB , B ol 2 52 31
AR R R MET ) 146 ) B EE A
ZIMERESF Z ENE WAL g A Kk
F R UTEH T, OB BRI R AR P i) BT
RIS WFgT R, 0B T P45 A O S
Wk D SR 2 S B R A v g ok HE A R s

ST W0 R A 5 R D PR A R B S
Tk NBIRSCIEE AT T 5 B 2L H
25 PG BN LA B R B
LR 5 I () AR R 3, TR T I fE AR R
2 i F 7 B8, 0 JCE VEAS P R AR A 2L Y g 2 e
N it EEAE B AT B IC A 3 B N AR AL 26 g | N AR
THHL (RS R 5 RG4S T e AT
FEZS, FERUT LA HE A, O B8k
JEYE GRS g S AR A ) T 2 R3S
AR AEAFTE 22 @ B LB R LI IR TE
P B R rh AR B 5 AR B2 S5 BR AL v T Y AR
TAEE 2R B SCoe i 0y R ) 4 3 42 7T e A7
TR Z2E, B B R AL B X H T R G HOKS BE A2 B
@ et R b Az R A P BE S 0 S I 25 2
AR

AR = A AT FR TR A o R AR R
A AV 25 S B i i 1T Ak Sy 2 5T B Pl s
b = YR TAR &L B ORI 28 SR A
21 WS R B NURIE f s i 2E et ok
PR RN B B O UEBI 5 A TR 1 5 1T gk,
B AR IR B3R 1] 5 XA [R) 4R 4 23 s i LA
RIS (M B 1, 5 B 52 B A B g | g AR
FRIE B n] RE R HA 5 1 OO0 T HLS A 2

ASCH A BR TCA B AR R By kRS IR
JRA LR ATREGE, S3Hr Ae B 45T 7 AN [
LN Ty ARG B, 5 ELEE BRI A 7 i
AL B EETT T ARV R B 52 R IR ] A B A
O X BN S A IS [l — AR A )
SR BTN [] A8 ) 0 7 R BT A B 45 1Y
TR RNL, 55 KR ) AT Ik 38 kPa, iZ 45 R 5
Linder-Ganz %" 5 1E B e A A8 H 45715 F 5 L



EREMAE $£38% F6H 20235128
1084 Journal of Medical Biomechanics, Vol.38 No. 6, Dec. 2023

PR TR N ) W (RS LN (32+9) kPa FHAT & S
ARSCR IR, A B G5 5 R 2 fl R N TEAE
Yy BN 1 &b O S BUB RNUE RN 8K, kA&
WIZHL BT REPERE R, FEAL- B 45T 05, 3
I AR T RN ER 158 3. 4 MPa, i KT
R ) e 1V T A AR, AT BB 3 S ULET 4 2 5 R 1) e
VWA R G NI S R - DN IN6
SRAX I, At B K 43 ERF B s ), E— 25 T
L, A 450 v S B2 A, B O TR
FHE M

N A A — B )R, 2 B G g
BRI, XA R R L B AT IR B
SRR VR A SR 5 b - A 2L s B
(B3 Bt 1) 18 5 I T 1 OC RATI A TR AT, O
TSN 2 b T o R A T A i A S 2E B
41 s g B4 S 4 ] — 5 RS ] i, T
JEH A5 B 22 2 B IL PR B 7 2H 2L 4 5
WL LN 1 2 T LA M AR T8 = Bt s e T
VLK LA 4 2 FNRBEIA 5 B8 7 2H 2 iy 1 G ARUAS T
P4t 305 A = T LR 418 ) A Seah R SR
BT i 07 4 20 e 3 AR A T A R L0 A 388k o3 B
AR R R FIALA 22 kPa, H B AG AY IX 384N

AR SCHE TR N AR | X6 5 2H 2 A ) 0 2 )
N ST BT, SRR T g AR AL AT D
T AT 5, 968 T BTs s P40 15 4
BEAE Y 7 2 AR TS N e A, B E 2 A I R 1
WA, T HEEAT BF ST, Sonenblum %51 58 i % JL 4R
5 ( magnetic resonance imaging, MRI) X A {7 % 3¢
(R fife E 28540 5 AR T R AR AT 42 T 0 A, Sk B A
2V G 0 A B 5 W 5T R, AL B 25 R
(8 KL B 7 N 235 4 2 2380 1T R 32 21 R 07 P 4
i, Luboz 8% 3 b 7 A PEAL = 4 EHRAT BR T
AU W5 R R 1 LB, PAG AS [ A 2R N ER
L Z AR ] 1) A5 Ak SIE I A8 P s IR 1 2
BERAT AT, TEARRM P, AT LR AR A A
AR 2 NH AU RE IR 1L 5 BCH LU U B AR E
b, RERT AL 5 4R 1, 4B 2 A Nk AR s g
PO, A SC HBL T B 20U 3o i B 1
R 35 BRAES B 452 403155 0, 4 J P AT 3~ 2 21
RS W 5 300 it o o [ % 2 2R s 1) S e, DA
17T S L SEARAD) R A P 1 A et

AR S A AN RS B A AN T T 3 e Y A
J12E0 1 K] e H B9 4 1% BT R LB 5T
EREW] A E A T OT BRI R AR Th R
RIAEERNA L P I HIRZ ALl e o
HHBRAE R R ILERL L, ki 1) HAB AR H R 9 1, A3
AL, M A ROR S — E I ), 2% S i 7% 4
VRAL , Gefigp Syl i g, R n] B sk 6 R PR A2 A

SE Lk

[ 1] European Pressure Ulcer Advisory Panel, National
Pressure Injury Advisory Panel, Pan Pacific Pressure
Injury Alliance. Prevention and treatment of pressure
ulcers/injuries: Quick reference guide 2019 [ EB/OL ].
http . //www:. internationalguideline. com/guideline.

[2] KOTTNER J, CUDDIGAN J, CARVILLE K, etal
Prevention and treatment of pressure ulcers/injuries: The
protocol for the second update of The international Clinical
Practice Guideline 2019 [J]. J Tissue Viability, 2019, 28
(2): 51-58.

[3] RHEA. BERKBIENREF HRIE &L A OCH R K i
[J]. PEBERLEES, 2019, 17(3): 123-125.

[ 4] SONENBLUM SE, SPRIGLE S, LOPEZ RA. Manual
wheelchair use: Bouts of mobility in everyday life [ J].
Rehabil Res Pract, 2012, 2012 753165.

[ 5] LINDER-GANZ E, SHABSHIN N, ITZCHAK Y, etal
Assessment of mechanical conditions in sub-dermal tissues
during sitting: A combined experimental-MRI and finite
element approach [J]. J Biomech, 2007, 40(7) . 1443-
1454.

[6] MACRON A, PILLET H, DORIDAM J, etal Is a
simplified finite element model of the gluteus region able to
capture the mechanical response of the internal soft tissues
under compression? [ J]. Clin Biomech, 2020, 71. 92-
100.

[7] LIJ, LUY, MILLER SC, etal. Development of a finite
element musculoskeletal model with the ability to predict
contractions of three-dimensional muscles [ J ]. J
Biomech, 2019, 94. 230-234.

[ 8] GEFEN A, BRIENZA DM, CUDDIGAN J, etal. Our
contemporary understanding of the aetiology of pressure
ulcers/pressure injuries[ J]. Int Wound J, 2022, 19(3):
692-704.

[ 9] AL-DIRINI RMA, REED MP, HU J, et al. Development
and validation of a high anatomical fidelity FE model for the

buttock and thigh of a seated individual [ J]. Ann Biomed



F R,% RETARALRENEBRGEDHFEFHR

NIU Bin, et al. Biomechanical Study on Pressure Injury of Different Tissues in Sitting Position

1085

[10]

[13]

[14]

Eng, 2016, 44(9) : 2805-2816.

BB, KT, ARG, LR R GEA ) R 2021 AR RS
JE[J]. BEHEY fi2E, 2022, 37(1) ; 18-26.

GONG H, ZHANG M, ZHOU SS. Research advances in
musculoskeletal biomechanical modeling in 2021 [J]. J
Med Biomech, 2022, 37(1) : 18-26.

ABRAE, SALE. B TR R IT T R Y IR 38 4% i S MR AR 1A 0
Bt [J]. RPN S EE, 2019, 36(11) ; 63-69.
SAVONNET L, WANG X, DUPREY S. Finite element
models of the thigh-buttock complex for assessing static
sitting discomfort and pressure sore risk: A literature
review [ J]. Comput Methods Biomech Biomed Engin,
2018, 21(4) : 379-388.

v, RET, MHTE, & BT E M R E R LR
WA F S B0 SO ST (D], SisR s , 2021, 53
(5): 1449-1456.

HENDRIKS FM, BROKKEN D, VAN EEMEREN J, et al.
A numerical-experimental method to characterize the non-
linear mechanical behaviour of human skin [ J]. Skin Res
Technol, 2003, 9(3): 274-283.

BOYLE CJ, CARPANEN D, PANDELANI T, et al. Lateral
pressure equalisation as a principle for designing support
surfaces to prevent deep tissue pressure ulcers [ J]. PLoS

[16]

[17]

(18]

[19]

[20]

[21]

[22]

One, 2020, 15(1): €0227064.

FIRIE, WARH, AR, . B BB 5 IR T I WF 5T R
[J]. EZETA, 2022(9) : 303-306.

AR Mpte, skiF. RN SR E IR R J].
ot 2405 B 3CHE, 2021, 21(11) ; 27-28.

3CEE. R TRRAEY 12 2021 4ERF SR HER [ J]. ERIEY
1%, 2022, 37(5) : 789-797.

NIU  WX.
rehabilitation engineering in 2021 [J].
2022, 37(5) ; 789-797.

LINDER-GANZ E, GEFEN A. Stress analyses coupled
with damage laws to determine biomechanical risk factors

JlieTS

in biomechanics of
J Med Biomech,

Research advances

for deep tissue injury during sitting [J]. J Biomech Eng,
2009, 131(1) . 011003.

BLACK JM, BERKE CT. Deep tissue pressure injuries:
identification, treatment, and outcomes among critical care
patients [ J]. Crit Care Nurs Clin, 2020, 32(4) . 563-572.
SONENBLUM SE, SPRIGLE SH, CATHCART JMK,
et al. 3D anatomy and deformation of the seated buttocks
[J]. J Tissue Viability, 2015, 24(2): 51-61.

LUBOZ V, BAILET M, GRIVOT CB, et al. Personalized
modeling for real-time pressure ulcer prevention in sitting
posture [J]. J Tissue Viability, 2018, 27(1) . 54-58.



