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Abstract; Objective To compare biomechanical characteristics of external fixator, Kirschner’s wire, elastic
stable intramedullary nailing (ESIN) for fixing proximal humeral fractures in children by finite element method.
Methods The CT scanning data from the healthy humerus of an 8-year-old patient with proximal humeral
fractures were collected, and the image data were imported in Mimics 21.0 to establish the rough humeral
model, which was imported in Geomagic 2013 to construct the three-dimensional (3D) model of cancellous and
cortical bones of the humerus. After the model was assembled with 3 fixators ( external fixator, Kirschner’s
wire, ESIN) , it was imported in ANSYS 2019 to simulate the upper limb under quiet, abduction, adduction,
flexion, extension, external rotation, internal rotation working conditions. The maximum displacement of the distal
humerus, the maximum stress of the fixture, and the maximum displacement of the distal fracture surface were
analyzed. Results The minimum values of the maximum displacement of the distal humerus in models fixed by
external fixator, Kirschner’s wire, ESIN appeared under extension (2. 406 mm) , external rotation (0.203 mm),
external rotation (0. 185 mm) working conditions, respectively. Conclusions External fixator is the most unstable
fixation of proximal humeral fractures in children, and the biomechanical performance of ESIN is better than that
of external fixator and Kirschner’ s wire fixation.
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Fig.1 Fixation models (a) Model fixed by external
fixator, (b) Model fixed by Kirschner’s wires,

(¢) Model fixed by ESIN
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Fig. 2 Schematic diagram of distal humerus load application
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L2 MR

@® B B s 1 e R By @ N
von Mises W 370 5 S Ho g F1 0648 ; B g b B
T e RALF

TE
I

2 #R

2.1 BRBmimEm KA

3 FPB RS T 000 Pl B i o dme KA S 34 &
AEAERE T 0, 3 PR 2 55 1 N WL B8 o3 A
W3, G5 R BR, S E e SR | vl [CE 2 | SR PE s
PET 21 B AR IR, 32 iy e K AL 8 43 Ol K A AE A i
(32.545 mm) AME(2.216 mm) J5f# (1. 103 mm)
THUT s e/ MR 23 3 & A 7R I A (2. 406 mm) Fh
JE(0. 203 mm) AMHE(0. 185 mm) T F, #HILZ
T M E SR LH A i A v i RALASAE 3 P
R TR A PN T2 ) B i e R RS AR
bt diabe i WA FERM RN T R

ArB/mm
19.069

169 max
16.95
14.831
12713
10.594
8475
6356
4237
2118
0 min

(a) & @i

y RiF3/MPa

149°164
99.443
19.721
0 min

(b) WEERA
B3 ARNEERBERETIATHREZHABENEE
MA%%H

Fig. 3 Displacement of the distal humerus and stress

distributions of internal fixation in different fixation
models under quiet condition (a) Displacement of

distal humerus, (b)Stress of internal fixators
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Fig. 4 Comparison of the maximum stress for different

internal fixation models under 7 working conditions
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Fig.5 Relationship between the maximum stress of internal fixation and the maximum displacement of distal humerus in different

fixation models (a) Model fixed by external fixator, (b) Model fixed by Kirschner’s wires, (¢) Model fixed by ESIN
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Fig. 6 Relationship between the maximum displacement of fracture surface and the maximum displacement of distal humerus

in different fixation models (a) Model fixed by external fixator, (b) Model fixed by Kirschner’s wires, (c¢) Model fixed

by ESIN

3 g

U I 3 v B 7 I R _E AR B UL %
FILEOR UL, Hoa B B A SRR B @ MIP Bk
Jy TEURE IR i Bk 0L 0
S EAT AT BT ARG L X TR E 1
JUZE I 30 i o B, e s Y [ S A 2 Hh B

P g A B JE T RS S K, XX

—ARERB BT, IR b2 R F ARG, £
BEEAL AR AR SRR N BT A I E SRR v B
#1545 , ELARA I I B4l o AAR 5 s i 6
BT [ R 10 [ 5 5 B2 K, R R R AT 2 g
Mo (BRI R, SR AT 15200 B ) RUBS:, 2%
R &S, AT ILE AR T i A, Sk

VT E B E N L (B SR
NETHT ZARE Hofe—E B TR, T )5 s 20k



BAiER,%. AREEAXNATILERBEHREINHERTSH
BAI Huanan, et al. Finite Element Analysis on Different Internal Fixations for Treating Proximal

Humeral Fractures in Children 301

TS B 00 A TR B T 4 Y BT, ER AR ME R, B
HENIRWE T EHT VI T B AL, FARMEEE
L, AN AEEET R R IF &5 (B AN, 3k
P, IEFERE AR F iz 58 o [RAF e
BN RTE BREIR S5 /s | AR ERAE Je oy fR7 B 1T 45 3
J iz N, AT T W s A i 1 82 [
FEUIO R AR A 4G I A 2 i XU, R R
e IREF A8 Bl B 4B I T T SR I A T, P T
FERTREACAE 3R 1 FH G i 2kt A5 1T i
S IT A E T A 1 XU, AR XT3 3
SR AR AR i v AR YT L
B e AT 43 B, Kb 5 BIRJE 18R AR
BN, AR 11.5%.,

Ji B 3 i P e KAV, % U BH 1 7 1 2 A5 A A
T P 361 5 e RN, ST AR BT N [ 2 ) R 5 5 o e
Wrsd [ R AR, Hhfe 3 R AL P [ 2 9 1) B
KV 7 % B, H 18 R S8 2H 58 7 g 359 v T e IR
21 SPEBENET AL (IR 4) o AN E SR AE AN R AN
R 00 I P9 B st 5 % 0 K, T S s PN 3 2 o7
TR, 5 AR T 00 A7 88 5 0 145 Bl fe /N, i 4
IR0 I A1 ] 2 28 41 455 30 7 A1 Jig R B e AN AR E
M5 A e AR, PRI, T4/ [ 5 42 [ 22 A9 R
L, IRk S A R 5 I Oy 1 ) ) e S IR
2 PR R PN T AR TR i 2 i e KA RS 43 ) #E AT
5 JE i A0 R B R K, P B KN T 78 2
THUR ¥k B e/, B, X T o BT B 19 L
Lk e AP R 1) b A2 07, Az B R Y
BT I A BB LR 3 A S5 A 1) B RN (D
K15.6), o B i A SO dE s A oy L 28
e 3 A A T B T AR i T S DL R i e
() ARG 7 T % AR S5 18 1R 52 i), 7 2 T 8 B iR
A FRFGEAS AR AE .

it B 3 s B T R S B A R ) e — BRI K B
A DGR S, FUH R T AR S R 2 R
— BB Ia] ) S 2L S B T DD R R M . AR AR SO A
R, HIEAZAMNE B0 L EE R xR IR A1 R D e fR
FRINEIE] AT AR 3R AT M e R AE s AR, BB N
W S5 Az Sl s B v de R B de /. R R I
BT S aE AT [ 09 L EE v] DL I 46 Y e K
ST 1) B SR MR o AR SOOI T AT i e LA Y 1 e A
JE DL K ART it A7 ) e BB M doe Ry i, 7 T 2 Il

IRBTFEHATHIE

[l F A SR B, 3 LR A 18] 5 1) e KON ) 5
JO B A i Fre R AN 2 i AT 18 e KA A 5 I
St f KA B 249 1 I — E AR DG . 2 0BG O 3 e
AR 38 B e KT, P[] 52 14 e R0 77 5 3 S 4
R RO R kB R, Nk, ik 3 Fds brddyn]
PAS B 3T I 72 B 2R SR AR 00 o T AN 18 2 o] o ] E
I A ST S N A 2N R 7R S SN TR
P SMNBERS BRI 2 R O R o AR SCER R, S
[ R SR ZELAE FTAT T M4 0BG 32 i e R A2 % | 28 i
BT I B KA | A [ E e RV 7 1R T v B
2 FRPERE N BT AL, BOA SCA N 1 5E 2 BAT fie A
FE AR E Pk, T v FRAT A R AE 22 i A, Y
e AN T8 T B 32 S 1 T TR e KA A /N T i
WEPETLH (P8 N T4 7E B A 00 B Bk
WG He R ARG /N T S AT 4, i mT B 55 Y [T 7E
HYTAMI AR B E A K, XTHZ T, A SCAN
SRR N ET AR A AR E VERS DL T e AT 4L

T8 RE 7 AR L, B 30 S 3 A TR [
TR ZHE, TR AR AR E | 5g FRBF 22
[ 5 SRR PN AT [ E AR E A BIUE N AR A
SRR R A iz B 3 L R T
IR AT AE AR I R X — A PP R A i
G RE SR I S A 4751 e KU, LA TR 3 B
S FRBFIE S B S Ak T A TR A HAR AT AR
HE A B N 2 A BT B T AL A B
Jo Ak B AR IR AR 5 | AR X 36 49 30 i
AT LEAEA HE LB, T AR E R B
WS AR B0, 1B 491 AT 5 S A0 R I, I A AR
YO VIIF AL AR SO I, SN E 2R Bl s o
AR ARUE P AN G e FR AT (81 7, Tt 7 28 5 22 9 1l PR 3K
B UEIR AR

X A A8 o S QBT 43R YT 35 )™ B RS
A2 A JLEE B i B 4T, X R b B R R IR RE AR
JRTEM AR AR A R | b O B e R DG i B AT
BEVSIESE , I 2L Neer JH T I REPE I PRAERS JH 519
DIREREATPRAY, AN B il 5 FG B 44 [ R 2 — Bl 22
A A RRIR YT RS AL R g A A A 7
5o AR SR RE T TR T M EAR AL 1 I
B LB, AT TR E Y I E CR | [ R AT
KA AR — T A AR R B N AT YA



EREMAE $£38% F2H 2023£4A
302 Journal of Medical Biomechanics, Vol. 38 No.2, Apr. 2023

7 W B i A% 6 B P R 2% 5 1Y Meta Z3 BT AIESE R
W BENET N I E 4 A TR YIE FORImFE] | PR
191 H i KB AT A I 1) A D T A T 0E AN AR
P IE E 4H, {H P 4 Constant ¥F 43 I JC b & 14 22
SIB AR SCRIFT 3 PN TR A AR R Y A
Y 1 ARG E M DA SR PN BT TR B e L B Bkl
Ui B AT I S T A S 20 A v [T 21, P DA Gk 3
AR A ) 12 #ERE . BX TR 5 2R 17 2h e R
RIS 8] , 30 T 2 B 22 )i PR AT S8 HEA T

A BRIT/ AT e B R & G & — Fl
H AT A AR R 587 (B HAR B A — € 1 R
BRI, AR rRRAED T O F T gdrsmm
DA T 0, I ) L BB Bl AR AT AL 2 T )
BB R L PR R A i i A e PE R S e @ 1A
Xof PR P BT 1 = SR B A TR B AR SCHE
CT EIGASAD i AL g BEilt b 347 BRIT 37, 1
FLSEH) TR R LA B R iz sh AU 522,
PR, A SC LA 3 b A T3] P T 7 4SS 20 A ) ) 2“2
PR A3 Hog — DR 2 W aiie, ik — D s &
TR I R AT, LA 3or ik S 06 235 S A AT Sk

4 #Hig

RSN 1L U B 30 S B A T 2 B IR
BEERE N AT [ E 3 ARSRY AT FROC T kA
AR RZ3h 7730, 48RRI, kI E 2L [
S LB a0 S BT e ARG, T LB P T I
WA 1 2 PERE A T A0 2 B AN S B [ e,
FHAI 2 20 5 FQ A [ 7 9 L 3, B30 k£ 41 i
Jr Tl fRas 3y, 14232 5k 6 A AT R 19 S8 LA BT
e T R BB 3l

SE Tk
[ 1] DORSI MJ, HSU W, BELZBERG AJ. Epidemiology of
brachial plexus injury in the pediatric multitrauma

population in the United States [J]. J Neurosurg Pediatr,
2010, 5(6): 573-577.

[ 2] BISHOP JY, FLATOW FL. Pediatric shoulder trauma [J].
Clin Orthop Relat Res, 2005, 432 41-48.

[ 3] KIM AE, CHI H, SWARUP |. Proximal humerus fractures
in the pediatric population[ J].
Med, 2021, 14(6) ; 413-420.

[ 4] ROWE CR. Prognosis in dislocations of the shoulder [J].
J Bone Joint Surg Am, 1956, 38A(5) : 957-977.

Curr Rev Musculoskelet

[5]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LEMPERG R, LILIEQUIST B. Dislocation of the proximal
epiphysis of the humerus in newborns [ J]. Acta Paediatr
Scand, 1970, 59(4) . 377-380.

SWARUP |, HUGHES MS,
Percutaneous pinning of

BRAM JT
pediatric  proximal
fractures [ J]. JBJS Essent Surg Tech, 2019, 9 (4).
e33. 1-6.

et al.

s

humeral

KELLY DM. Flexible intramedullary nailing of pediatric
humeral fractures: Indications, techniques, and tips [J].
J Pediatr Orthop, 2016, 36( Suppl 1) ; S49-S55.
COMPLETO A, PEREIRA J, FONSECA F,
Biomechanical analysis of total elbow replacement with

etal.

unlinked iBP prosthesis: An in vitro and finite element
analysis [j]. Clin Biomech, 2011, 26(10) : 990-997.
LIU C, KAMARA A, LIU T, etal. Mechanical stability
study of three techniques used in the fixation of transverse
and obliqgue metaphyseal-diaphyseal junction fractures of
the distal humerus in children; A finite element analysis
[J]. J Orthop Surg Res, 2020, 15(1); 34.
XUEE, MR, BRKR, 45, Beimm T B Ble AR A R e
WL T[] T EE SRk, 2016,
31(1) . 87-88.
JI JH, SHAFI M, PARK SE, et al. A severely displaced
metaphyseal fracture of the proximal humerus with
dislocation of the shoulder in a chid [ J]. Chin J
Traumatol, 2014, 17(1) ; 54-56.
WHIZR, 2R, 28 B 2B I0& S R 1R yT LB A B 30 i
BITIRMEE[J]. P EAIG IR 22, 2012, 24(5): 440-
442.
M, AR, AR, S A NALE T BT N [ E IR YT
L LA s A [ ], PR AR, 2012,14 (4) .
355-356.
W, SE, L % LB EE ST Gartland 1Y
JLEREAE R B[], hARNLAMREZR S, 2016, 37(10) :
790-793.
THEE, SEH, B, KRR e BT IR e T
[J]. HEEH, 2009, 22(5) ; 363-364.
FRERE, A, A, 5. SR TUIRE B Ry ™ E AL
JLEM s J]. PR, 2012, 25(2) ; 158-161.
R, DoHE, s, & RESEIARERRE AR
TIFRRERHTJ]. BEREY T2, 2021, 36(2) : 284-289.
WANG Y, MA JX, BAI HH, et al. Analysis on mechanical
characteristics of femoral neck fracture with different
reduction qualities [ J]. J Med Biomech, 2021, 36(2):
284-289.
RELEE, TRMG, VLVREE. (R IE b 4 I B SR sk ) ] B I
FET AR A p s [ J] . BEAEY 1%, 2019, 34
(6): 668-672.

(T#% 323 W)



