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Abstract; Objective To compare the effects of different fixation methods on stability of pediatric humeral proximal
unstable fractures at different heights by using the finite element method. Methods Different pediatric humeral
transverse fracture models at varying heights were created and fixed by elastic stable intramedullary nailing
(ESIN) and Kirschner wire with different configurations. These models were imported into ANSYS 2019 to
simulate seven working conditions, namely, the upper limb gravity, anterior flexion, posterior extension,
adduction, extension, internal rotation and external rotation. The mean maximum displacement of the distal
humerus and the mean maximum stress of the internal fixation were analyzed. Results The mean maximum
displacement of the distal humerus was lowest in four-pin group at each height, while the average maximum
stress on internal fixation was the smallest for ESIN at P1 and P4 heights. For P2 and P3 heights, the four-pin
group had the lowest stress levels. Conclusions ESIN is superior to 3-pin fixation in lower fracture planes, while
4-pin Kirschner wires are more effective than ESIN at all heights.

Key words: pediatric humeral fractures; fracture fixation; Kirschner wire; finite element analysis

Wr#s B 81 :2023-04-26; f&£E H#:2023-05-28

E®TE : Pt A Q0 A k) -Fhp 81757 A BRI H (2020TD-036) , Bk PG 44 Q5T 8 7 3245 1130 - IR B2 2% A 58 Hh 0 (2020LCZX-03) |, P %
HEATHRNT AR AA T H (XAYC200009) , V42 1T 45k BWOE SHiEE &8 Rn =

BIS1EE R, FITEIF, E-mail; jieqiangchina@ 126. com



EREMAE $£38% F6H 20235128
1174 Journal of Medical Biomechanics, Vol.38 No. 6, Dec. 2023

JUBE A 3 S i3 47 A R 20 i /N L 3 A
(29 1 T RELLH AT, A Y BR YT R 5
BRI B2 PR AR B B /N A E B R A ol
AT SCRARRSFIR T AR R AR RCR, AR
TETIR) BTN 2R PR E, FARIRIT EH
LRI T PR ARG N ET N [ E , 5 R 2 i
(9 SR, B AR [ o A AR e i
ZEYE T RS N AT 5 TG [ E 2 2 LT A 1
TE SR E , HLAAEE N BT B9 S E PR REOL T A2 X IR
ErE 8L ML I i 5 B 1 28 A SR
A5, X SE A [R] 19 A7 Jr A 3 AN [R) 9 s 8 1 22 57
BUAT B FEAL 1 R 7% T8 A [a) i B2 B 3 X 11 5 7 X
SO, LR B 7 ORI A AT [ AR 5E 1 22
5t o CERETAN [ (149 38 XA Jey LA B S DY T
R E M, S Bl 1 B i o7 B A e AR A2 A, AR SC
SR HIA BROCTT 00 5 24 B 10 A7 B 4 A AR A
AN R) B4 e R A Jay sl P 3 PR T [ o [ 2
TR PRI

1 #B#7E %

1.1 BRTEEES

1.1.1 A5 =R AR5 KL 5858 Ky
B 21 25 PR g JL BB P e A B 2% B & Ik fe | j 3
FIEAE R I B MIER B,

AT 452 38 K= W 20 4 I I L 36 1 o B B
B B LR B 1 44 7 o B2 i PR 495 5 04 0
ik AT 8 & JLE B E IR 35 kg, X &k
B BLAT L e B B i R, R ATIRE CT
A 4 Bk, BRAE R R 120 kV, HL R
150 mA, H#ZIE 1 mm, FRE DICOM % #% =5
DS B3 ca NI e )i R €1 (o = N 2
4k DICOM #% AR A B 4 5 A Mimics 21. 0 %
PR 38 ST 58 R R A R X K R g
Fo A A SR W T B AR AR stp S, IR
ISR G F H T A Geomagic studio 2013
P XPBER AT = A T R A BN R BRI
T SR A5 Bl R 4RI A BT A
T3 o 2R 1) IR AS 2 mm £53 5 bR AR
RIS A SolidWorks 2018 {4 Hfr | A 4DL I B 30 vy 186 4 7
BT, IF AT IR ER
1L.1.2 #ZISFHABEZER Ekim b, ok

WA Sk BEAT 3 A5 3, FRRE X — B B AR U ) T 3
THE 4 TR = B BOREA T B TR DR B s S
WA R L, A 1 s, DL Sk 2
3 cm, LACEPrinn R EAE(PL) 17 F 33t 1.2.3 em
BT (P2, P3.P4)

{1

1 #ETEREE
Fig.1 Sectional planes of the dissected neck
TE P19 i 80,

AR PR P4 1 2 25 44 %508, £ SolidWorks 2018
WOEWEM TN EZ L. © 4 441, 4 Bk
Bl 2 A il AR R R . A 2
M BT sm s Py gt BTk @ 3 £F-A
Y (3A 2H), 3 WTEIRER, 2 B kB A RES A 1
TR EITL A | A E BTG s A ) N 5
AL @ 3 8B 41 (3B 4) . 3 BrE Al 1 #K
el ANRR R A R S TR, A 2 A e e T
geptimMI ) P b gt gk, @ BENETA, ®

T 2 BOIRZe T i A7 T 45 B P TR AL A9 396 47 58 LB A
(WE2),
J \
(a) 4541 (b) BEPIEF4L (c) 3A4H (d) 3B

B2 AEEETNE P4 kFHER
Fig.2 Different fixation models at P4 plane (a) Four-pin
group, (b) ESIN group, (c¢) 3A group, (d) 3B group

AT v CRAHEA 71 47 R g 149 0B Joit [ 5, e IR
AR 2.0 mm, BENEFEAE 2.5 mm, FrA R
TEAS[R) ) /5 BE T BRph S8 i 1)



BER,%. AREEAXMILERBERAESESNREERN
BAI Huanan, et al. Effects of Different Fixation Methods on Stability of Pediatric Humeral Proximal
Fractures at Varying Heights 1175

ST VEA Ir A B O AR R ) o M, X R T )
& EAT Jry F 00 T % I 52 1 R A S SEOPE B IR, 45
T e KL FE 95% WS 58 WS , T K
S B A &R b 4 BRZH BE N BT AL 3A
2H 3B 41 M A& T A A ] R 881 521,913 945,
872 359 874 770, HLICEL 53 5k 574 780,607 049
575 268 575 242,
1.1.3 #HA AR EHfERom KA
A ANSYS Workbench 2019 7 FR IC 23 By 4 4 v 1
FrE S b, 0 I v AR R 2 80 T
AR SRR JAFA tb i AR R (1195 % =
SRR AR A A 248t . i TILE LB IE A
KON B B AN 5 ik = FLEE o B A 155 R Joi
1k, BRI A B RL Y Ry i B Lt A& In] [R] PR LY
ST L, o B BTE A BT B L
PET 5 LB A S A5 2t 433 2 16.7.,0. 155,110,
193 GPa, AN LI R 0.3,

ACREEITI e W 2, B AL T 58 2 itk
A, BT A TR R A A, JH A ik 1T 34 T B
A ik, fE B TR BRI AR 0.2 HEfT
SYHTIE Ay T A AUL R - 3 g [ A O, D O
DR T 2% 18T 9 U A 1 s BB 29 R 0l BE DARR
s B Ik B NI 3l i A A0 341
BT RMEALLT 4300 Ry R SR R i 32 i R
TRt 30 N % 1) 288 fr ( 22 Pk 2 g ) DAASE DLk 7
RET ERAE (A1) IFE IR XS B

wyvvywy YYYYYYY YYYYwyyv
~ “ " 4
Jaf
Blc S
R F=30N F=30N F=30N
(a) SM /PRI JE/ S (b) Wi (QF 4

B3 PRBmimEEEmTER
Fig.3 Schematic diagram of load application on distal humerus
(a) Abduction/adduction and flexion/extension, (b) Internal

rotation, (c¢) External rotation

BT S A AR A SN BT AR 30 N )
DABN E SR (00 2) R (T8 3) A (T
B 4) SMESIVE (0L 5)  FE kA T B UEE K
AT Y AN 500 N - mm FHE DU R
AN TIE( T80 6) K ANIE( T 7)
1.2 iFHristr

e 37 it P e KA B RN [ A2 E T R TR
von Mises v JJIEAE ) EH401H

2 #R

HYHALT P1.P3 P4 I, 4 FHHTE 7 #h THLT
VB A e KA B - 3B e/, 430 R 1,728 1. 821
A2, 212 mm; BT P2 B, 3B 4R i -
RN (1. 678 mm) /NF 4 £ (1,752 mm) , P4
Biada WK 4(a) ],

HYTHEALT P P4 B, #PEBE P B AE 7 AP T
LR ¥ von Mises I 7 W& B 43 54 164. 984 |

5

= == AL == 3B4
=
g,
:
5 2
K
g 1

0

P1 P2 P3 P4
HITE A E
(a) BB TS R AL

500 r

Y
(=3
(=)

W
(=
(=}

W [ 52 B KR 77~ ${E/MPa
[V
(=)

100
0
Pl P2 P3 P4
BIHALE
(b) AR E R KNSy
B4 ZERE S E BB I i & KL% F1 W E E von Mises
L 71 B B T 1 B X b

Fig. 4 Comparison of the maximum displacement of average
distal humerus and peak von Mises stress in internal
fixation at different fracture planes (a) The average

maximum displacement of the distal humerus, (b) The

average peak von Mises stress in internal fixation



EREMAE $£38% F6H 20235128
1176 Journal of Medical Biomechanics, Vol.38 No. 6, Dec. 2023

213. 620 MPa; ‘B #r Az T P2 P3 B}, 4 441 F 1
von Mises W JJUE(E B/, 203 K 182. 068 ,221. 425
MPa[ WL 4(b) ],

IFH., A RIRYLEAR R e B AR [R] T35 T ) 3R 9K
WASSAHAIR, SEPrim s T P4 & R, R )35
i N (T8 1) SPERE N AR K, N
337.35 wm, HIK O 3B 41 . 3A 410 4 £, 0
271. 18 216. 50 F1168. 40 wm, i 3B ZH 1 P [f & HY
S RN Bt e, M 19. 763 MPa, Hi A B i K
NS EET, 439 A 3A 4 18.377 MPa. B N &1 41
15.953 MPa 1 4 5144 15. 06 MPa, ¥ J) &4 h7E
55 i 2 ok 7 BT (LR S)

AL/ mm

(a) 454 (L) BEWATE (o) 3A4d
ES5 TR1E4FMERRBITHERERNEEMN DS H
(P4 )

Fig.5 Displacement distribution of the distal humerus and

(d)3B4

stress distribution of internal fixation under
working condition one (P4 Plane)
group, (b) ESIN group, (c) 3A group, (d) 3B group

(a) Four-pin

3 g

JUEE 30 S A7 A W PR _E AR B2 DL A
Salter-Harris 11 84 F-#did 0 ol s 15 v , - 2 1
BUEE A S R ER X — A
B0 E SC, i A8 4T B IR A i - B TS
DX, (E 2R SCRT H A 1l PR 358 11 b g L it
FrEARAIR A SCE S I S AT =803 A I
PR BRIAE TE A7 R L 0 3 i B2 S DA 5, AT 3k
Ve Id A I3, AR SCAR R, 58 3 th i 37

BEAE LA Sk i BE o 35 v 408 P T [ e AR T
3 EFR YT R A E T T e B RGN AN R A A B TG
B A A R A FSUE PR SR B, 38 1 A IR &, )
2 Y S B RS e M

XF T LRV, BB 30 i i B A A A RE
S [P B ) 1A o BOR Z2 80 67 /N i AR e
BB P 55 BT ARIGIT, IR SFIR YT AT AR A5 BT
R T R A R R E BT, R 2
FE S IMERHE @A AR, BRI, X T i — AR e
B Al A & T ARIRYT v I A o v
PUETEL A9 207z i U e oo e PN 4T
o LTRSS i B TS A TS A B T R B
HIAA G RIE T E T VI BT E A, #4E
MERER, FARFIEOR &, W2 IR FARMATECH
FHECZ o D[ DR AR B B (e T 7 )
e, B R 0B B IR /N, T AR A o5 o
BN B N T i A W e PR e A XL R [
FE A T RO MR L IR - 2~ 4 AL
VIR R HERIE , X 5 AR E 25 B ILER DL
BB EA K,

AR SE R B E ST Tk B SRS P B BT
FrofRErEE™ . SR G LW oE KB, 7 [CAT 1Y
TR S s R N R A e PR 22 5 i i
B AR e kB, sl H
FCAT 2 i, P2 18 3B 419 RS /N T 4 BH4L, (HH
B AT 4 SRR NNT 3 B, B
P [ 2 5 86 P9 & [ E A7 X6 LG, 76 P3 P4 = B
B, BENEF LA R /T 3B 4, Uk B S B Pr i B
BTN, SR 458 PN T [ AT 3B A B A JRy B
Faae . AR L3 &F RN 4 B 38 SURY BRI A [R) g B 1
BT IRTEA T [ 8 B, 50 FQER T RLAT SR AN 55 T 86 9 £
P 2 PRI (R BRGNS 4 ACEE 3 e ) Fe e
PE . WSR3/ N I 7 10 B 3 1 T =T LR
LS s O S 3 IR v S ARG i R A W
JERVL, N 1 Howw T 234 v [ AR 1 L 4 A
o, CCA [ R BT A 8 BE 34 3 e IR AT [, %
JEBIN 1 2Z 5, P4 TR BT 0% 1 g D3k 3] i A [
FEBEA AR, I T ow [REF [ E

B 7R UL A B O = AT A e R A T
[ 2 WA I B AE | X —“ palm tree” J7 15X #4E
BORE, v FCAT IR A G ME AR N R AT



AER,%. FRBEEFRAIIILERELRARS EENRE R
BAI Huanan, et al. Effects of Different Fixation Methods on Stability of Pediatric Humeral Proximal
Fractures at Varying Heights 1177

PRGN Y I3 22 85 R D5 T AT AR B 7 0T 58
XA ReE— P CE S P AR E v, RS SE
Do X R R R 5 B2, Jiang 45
FE 7 VAR AS 0 Ji B 0 o B AT A0 v ke BRSP4 T R B
TEAR ST A B BT 35 DI ROR B 1035 22 5w s (B AE 4L 5%
SR 7T, P AT A Y L ) BOM B B RS E ., Kaya
ST 1SRN Ry AT AT A A A K
“palm tree” 951 | Vogel 25200 X6 Jih B30T s 1 A 244
M2 AT 17 LU, BB AT B AT RS
i far b By I LA RO B 319% ; AR HH % 2 A 2%
PR, B B HE TP AT A AT 21% ., R, o T
AR B A B, 13 ) 27 SEIR I A 98 28 LY
SERETTEA A /1 BT I B AT S 0L, AW 0127 S
FEIRTT DR P (8 il 52 13 7 ARG E T R (E Y LA
BABRICHAR —FEX B %A RS i 53 4 A
¥, oK 2 S EUE W ) 98 S AT IROT IS e 25
R A E . JF H I RALRAE AT DL RS HE Y
AR, W 0 SR O R SR AL T A B [ Ty X
P B2 S AN RSN 7 220 2 1AL
B 1y f LI, 25 AT I IR 2 2 1 R
5, VSR 2l g Jr NS r L2 5+

AWFFAAETE T R R, © A XLE
0B i AT AR, 2 PR DRy 3 — AL Y B B 2 TE A )
AR IS B AR I AN TR I 4540 22 5, 2 R oA
] PR, AR AF 50 i B 40 B R A 7 4T, S W s i 3
Uiy B P AT AL, L5 0 485 At A 45 JUL PR 90l A DG 45
R A Y R AN ) B TR BT A R T Y 22 5
@ FrHr ik 5 [T SR AT 1S i Bl 2
A ORI 7 1] B8 B A, 33X — 4 B A AL 28 R bt
5o JFH 30 IR 55 By 00 42 fioh 1o AR 23 52 i A 19 2
FEPE PR CET 1 T A R T ki T —; B #ECT
UGl B A0 (%) S Atk b A7 BR T 23, T 2L
SERYE AT R AT R D R R, g8 BRI, AR
SCHABA R P [ A2 1 A ) e i e, 15 30 2
R MWL EEIE , 0 1 LR 2 B AR 1Y
I RAIFSE , LAGS TE S 35 285 SR (4 7T Sk

4 #ig

ARSI SE AN TR [ 52 T7 2R 97 A 7] i AR
B )L LA S R A T B AT, 255 A BROT 7B
WO PR N BB E S 3 MOsE U IREH A L, I

5 S AR K T B8 B B 30 i BT SR A E T
AT B 3T, BN 1 MO IR, 4 BB [
DO T A P B

S

[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] SWARUP I, HUGHES MS, BRAM JT, etal
Percutaneous pinning of pediatric proximal humeral
fractures [ J]. JBJS Essent Surg Tech, 2019, 9(4) . e331-
6.

[ 3] KELLY DM. Flexible Intramedullary nailing of pediatric
humeral fractures; Indications, techniques, and tips[J]. J
Pediatr Orthop, 2016, 36( Suppl 1) : S49-S55.

[4] PfEZ, Bigk, X0, % REEE 7 0697 JLE LS

BT E BRIT AP [ J]. BEAEY )%, 2023, 38(2):
297-302.
BAI HA, LU DQ, LIU CX, et al. Finite element analysis on
different internal fixations for treating proximal humeral
fractures in children [J]. J Med Biomech, 2023, 38(2):
297-302.

[5] COMPLETO A, PEREIRA J, FONSECA F, etal
Biomechanical analysis of total elbow replacement with
unlinked iBP prosthesis: An in vitro and finite element
analysis [ J]. Clin Biomech, 2011, 26(10) ;: 990-997.

[6] LIUC, KAMARA A, LIU T, etal. Mechanical stability
study of three techniques used in the fixation of transverse
and oblique metaphyseal-diaphyseal junction fractures of
the distal humerus in children; A finite element analysis
[J]. J Orthop Surg Res, 2020, 15(1); 34.

[ 7] BAR, WO, B8R, % WG E 0S5 IE N R E
T LE BB AL A [ J]. P E SO R A
W, 2021, 36(7) : 747-748.

[ 8] KIMAE, CHI H, SWARUP I. Proximal humerus fractures
in the pediatric population [ J]. Curr Rev Musculoskelet
Med, 2021, 14(6) : 413-420.

(91 Xk, MR, Mok, 5. B T IR SUE Bk i i E
WFILEL AT ], PR ST, 2016,

31(1): 87-88.
[10] #VEZ, TR, XUMEE, 5. BRd BPERE A ET N I E iR )T
e RS AT I 2 WA [J]. b 5 5 B R R,

2014, 29(7) : 688-690.

[11] ZEBR, MG, TS, 45, BP0 ET N e TR T I B I i
HYrHRIJ]. PEE SRR, 2022, 37(5) : 552-
554,

[12]  T#de, SEB3, FAS. SR g4 B 67 ik I v



1178

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

[13]

[14]

[15]

[16]

[J]. "hEE, 2009, 22(5) : 363-364.

F[REAE, BAW, A, 5. G 5 CE B @ iEyT ™ EA AL
ILFERL A s [ ], HEE, 2012, 25(2) : 158-161.

LEFEVRE Y, JOURNEAU P, ANGELLIAUME A, etal.
Proximal humerus fractures in children and adolescents
[J]. Orthop Traumatol Surg Res, 2014, 100(1 Suppl) .
S149-S156.

LT, SRR, AR, S WA E 5 IR ST LB L A
PeEYI L[ J]. TP EBFESME R, 2022, 30(4) : 299-
304.

ROLIE, SIS, VLEEE. oAb E T
FRIT A AR [ J ]

(6): 663-672.

XU HY, ZHANG P, JIANG LY. Effects of Microenviron-
ment on osteogenesis of bone marrow mesenchymal stem
J Med Biomech,

o 201 e R Sk e B ]
B A H1%, 2019, 34

cells through cytoskeleton tension [J].
2019, 34(6) ;. 668-672.

[17]

(18]

[19]

[20]

ALl AM, FAWZY SI, MOATY M, etal. Treatment of
proximal humerus fractures in children with a modified palm
tree technique [ J]. J Pediatr Orthop B, 2018, 27(2): 99-
102.

JIANG C, ZHU Y, WANG M,

different  pin

et al. Biomechanical

comparison  of configurations  during
percutaneous pinning for the treatment of proximal humeral
fractures [J]. J Shoulder Elbow Surg, 2007, 16(2) ; 235-
239.

KAYA M, KARAHAN N. The effect of different pin
configurations on cyclic stability in pediatric proximal
humerus fracture fixation. A Sawbones model study [J].
Injury, 2022, 53(6): 1824-1828.

VOGEL G, CHECHICK A, PRITCH PM, et al. Fixation of
humeral surgical neck fracture using contoured pins versus
straight pins: A mechanical study [ J]. Int Orthop, 2007,

31(6) : 811-815.

R e U e e e A e e e e U e N U A e U U

(E#% 1159 )

[22]

[23]

[24]

[25]

[26]

S AR
[ J]. R

BRATIER, MREE, XSMIR, 46 BT BT D) s
AN [ 3% 7 S A4 L2 2R 194 2 i
BEEAGE, 2021, 36(3) ; 283-287.

FEWERy 15, HuENE, BT BT = IR T
MR R T [ J]. AR R HOR - P E A BAUE,
2021, 23(10) ; 3794-3800.

A T RAT R RO S TR A A ) 2 43 BT K Bl
BEWFFE[D]. & . HEHRA:, 2020.

IRIS B, VANDIEENJAAP H,IDSART K, et al. Biomechanical
characteristics of different regions of the human spine. An
in vitro study on multilevel spinal segments [ J].
2009, 34(26) ; 2858-2864.

YAMAMOTO |, PANJABI MM, CRISCO T, etal. Three-
dimensional movements of the whole lumbar spine and
Spine, 1989, 14(11): 1256-1260.

Spine,

lumbosacral joint [ J].

[27]

[28]

[29]

[30]

HETH JA, HITCHON PW, GOEL VK, etal. A
biomechanical comparison between anterior and transverse
interbody fusion cages [J]. Spine, 2001, 26(12) . E261-
E267.

JIANG J, CHEN X, QIU Y, et al. Postoperative shoulder
balance in Lenke type 1 adolescent idiopathic scoliosis
patients with large thoracic curve ( Cobb angle = 70
degrees) ; A radiographic study [ J]. BMC Musculoskel
Dis, 2022, 23(1) : 617-617.

VEDAT D, SIGURD B, FRANK K,
flexibility and pain patterns in thoracolumbar and lumbar
idiopathic scoliosis [ J]. Spine, 2002, 27(21) : 2346-2349.
FEER, SRR, WLFT, AF 5 AR A A
JE5 2 AL I Bl BE A AR S AT [ J ] I R A5 e B 2R Ak
2016, 36(11) . 1833-1836.

et al. Predictors of



