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HWE. (B RHAMRICE IS (Kirschner wire, KW) . Herbert #2247 (Herbert screw, HS) . f#4¥#k (mini plate,
MP) . WUNAR+FE AT (MP-KW) . {80 #+Herbert 1247 (MP-HS) [& %€ Dubberlery IIA B 55 /N B3 948 F2g45 5. [
& RELEENA AL CT #285HE, 8 Mimics . 3-matic #A4FHST DubberleylTA BUFEE /NS AR, LR 43
ST KW, HS. MP, MP-KW. MP-HS MR, 7E ANSYS FAFH A R A, oA 4 it (5 B8 ek K N 1 2 1o F1 43+ o

SR BRI, MEEA KRB IMERCE KW>HS>MP-KW>MP-HS [(2.740.1) mm, (0.720.0) mm, (0.4+0.0) mm, (0.2+0.0)
mm, P<0.05]; Ji ##A T B REAMK IR R KW>HS>MP-KW>MP-HS [(2.0+0.0) mm, (0.6+0.0) mm, (0.3+0.0) mm, (0.2+0.0) mm, P<
0.05]; FHFEE M FAKIK A KW>MP-KW>HS>MP-HS [(2.0£0.0) mm, (1.10.0) mm, (0.8+0.0) mm, (0.6+0.0) mm, P<0.05], ‘H3r£kitH
FEAE R 7T, PR T R B/IME IR KW>HS>MP-KW>MP-HS [(8 478.5+30.1) MPa, (1 790.3+33.8) MPa, (1 173.4+32.7) MPa,
(645.3+3.5) MPa, P<0.05]; & 1 2515 T ¥ h KW>HS>MP-KW>MP-HS [(4 540.2+60.0) MPa, (1 331.9+6.5) MPa, (824.8+4.9) MPa,
(450.9+2.7) MPa, P<0.05]; LA FHIK K KW>MP-KW>HS>MP-HS [(6 260.4239.6) MPa, (2 786.6+4.0) MPa, (1 141.0+35.7) MPa,
(1 050.9+£26.6) MPa, P<0.05]. [£51®] XfF DubberleylIA B EE /N B-E5 4T, AKX +Herbert #2457 AT 4 (65 47 (1 £ 4 F1 24 R
PE, ATLUCh B TR T A A A B
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A finite element analysis on 4 types of internal fixation of Dubberley type IIA humeral capitulum fracture / YANG Zhen',
GAO Chang—hong’, ZENG Yu—yuan®, YOU Yi—hang’, ZHANG En—shui’, WANG Yang’, ZHANG Tao’. 1.Weifang Medical College, Weifang,
261053, China; 2. Jinan Central Hospital, Jinan 250013, China; 3. Shandong Jiaotong University, Jinan 250357, China

Abstract: [Objective| To compare the biomechanical characteristics of internal fixation of Dubberley type ITA humeral capitulum frac-
ture with Kirschner wire (KW) , Herbert screw (HS) , mini plate (Mini plate) , mini plate plus Kirschner wire (MP-KW) , mini plate plus Her-
bert screw (MP—HS) by finite element method. [Methods]| After the CT image data of the right elbow in neutral position were collected from a
volunteer, the Mimics and 3—matic software were used to establish a Dubberley type IIA humerus fracture model. On this basis, KW, HS,
MP, MP-KW and MP-HS fixation models were established, respectively. As loads were added in ANSYS software, the displacement of frac-
ture ends and the stress distributed on the implant of internal fixation were analyzed. [Results] The displacement of fracture ends was ranked
up—down as KW>HS>MP-KW>MP-HS [(2.7+0.1) mm, (0.7+0.0) mm, (0.4+0.0) mm, (0.2+0.0) mm, P<0.05] under straight extension load-
ing, while KW>HS>MP-KW>MP-HS [(2.0+0.0) mm, (0.6+0.0) mm, (0.3+0.0) mm, (0.2+0.0) mm, P<0.05] under flexion loading, and KW>
MP-KW>HS>MP-HS [(2.0+0.0) mm, (1.1+0.0) mm, (0.8+0.0) mm, (0.6+0.0) mm, P<0.05] under torsion loading. In addition, the Von—Mis-
es stress on the implant at fracture line was ranked up—down as KW>HS>MP-KW>MP-HS [(8 478.5+30.1) MPa, (1 790.3+33.8) MPa, (1
173.4+32.7) MPa, (645.3+3.5) MPa, P<0.05] under straight extension loading, whereas KW>HS>MP-KW>MP-HS [(4 540.2+60.0) MPa,
(1 331.9+6.5) MPa, (824.8+4.9) MPa, (450.9+2.7) MPa, P<0.05] under flexion loading, and KW>MP-KW>HS>MP-HS [(6 260.38+39.6)
MPa, (2 786.6+4.0) MPa, (1 141.0+35.7) MPa, (1 050.9+26.6) MPa, P<0.05] under torsion loading. [Conclusion]| For Dubberley type 1TA
humeral capitulum fracture, mini plates plus Herbert screws provide better biomechanical stability, which might give a better healing envi-
ronment for the fracture.
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il /N & 3T (fracture of the humeral capitulum,
FHC) J& TN BRF IR 5, W d R RE = e
NI IRTIDAE i (1 N /4 = ST SR AN R IR
P BNk B A B W, 2 35 A SN
T, 45 RGBT, I
K5 S kA AMR RSN BB OiiRE, B AL R [ E N
Me, T RIEREMEA . Bri TN, T
i KRN NUARE , Tk AAHME E s 4y 6 E
BNAME, BRFin TR 2E, ZT0RIRRIERNEITE
fr, s S . FOCERE . GO R IR R
A, JEIRTT BT R, HATE S RO e
A B0 T ARG IT WO BE B /N Sk H TR 9T 0
7 HRETIRIKRZ K A Dubberley 431, Zi5%ET
Wi /KRG REEAT DL, 18 R, RS
B R SR RUAAE N 3 B, AR
5y AL B WEL ™ HETX T Dubberley 2A 7-E-4f
(RIS R S, RBRJFHD), seikdt, 250
BRET . BN S5, ARWTSEARYE 3 AN [ E P Y
ARIEE, 455 =4 R/ A R N e 5 200 A
Wy 3Rt e PR R B I B e ] Ty Xt
A

1 #AREFE

L1 BRGSO TREA E

PEFE—44 33 B BRI, T BRI
8, CEREGEEE RIS T . BEMEML, £
FRAFEL, AHTE AL, SR Philips 64 HERJE CT
BLG RSB A ROBS B =LA AT, e U
DICOM U ARAF o LA IR 5GBS, 4 DI-
COM #% ARSI AR T A Mimics 20.0 #4, 3@ i
BRI 53 . DI A 2 SRAT TR RSB S SR
AT 22 2 i A RUBS R I ek, A
3D SR, RO I SRR R AT AL B, S
STL 3L ¥ STL T3 A 3—matic 12.0 x4, i@t
DA fir & ST LA AN BT, S RN B . bR
(RPN E =g it
1.2 Dubberley ITA 375 [ @ BRI 37

WA BB B 4T #9 Dubberley 43 B 57 TTA AU
Pr, BEEPTEE 0.5 mm DUARIE 375 RS N
Lz, BT TS (Kirschner wire, KW) . Herbert 12
%] (Herbert screw, HS) . 18 M (mini plate, MP) |
PR MR + 50 FCEE (MP-KW) . fU B2 + Herbert 24T
(MP-HS) A [ Ay = HEARY gy 5841 ks
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TATREBCAR , ZE B PR R AS , S i CDB R4S SC
fF, W L B E R S AN EEY 10 1K,
1.3 gk 5ieE

£ ANSYS 2022 R1 #fbrr, SHAHICSCHR, N
BT H S 2R w o, AR 1. DIBEE Tk
D7 R 7 s N B AR . B ) R 25 R
0.1 mm, ¥ 58 . &5 . Herbert BR5T 5 Ak
B R TURET SiEE Z R E e, Ik
FrE e Z s CEEEE AL, EEEERECH 0.1, X
TCERIR O TR . R S v R T i A AR
Sk CTEESEET, ARG 1R i LA SR A S & A
B s AE o FERR B I v O T VR R B G\l A 5T A
bR, FEE Z W07 AN 500 N AR AP 615 i B2
J1, RS E YRS 7 A B AR SC T JE ih A2 )
(il 30°) 5 Bemsg il 2k 7 Al 30 sty 56 49 T e Jon
10 Nm JIFEALHANTE . SMIERZ 1 -

®1 HERZARBRTFHRONESH

R PSR E (MPa)  THRAL w (%)
iR 13 400 0.3
lINERERINGT 2000 0.3
INPREI s 260 0.3
R E A 260 0.3
e 10 0.4
NG 17 500 0.3
SLIRER OREE) 200 000 0.3
Herbert I2%] ($kG43) 110 000 0.3
TR 130 000 0.3
a5 130 000 0.3

14 I EAERR

I AN TR A8 v /NS M B 3 Wi (52 9315 B
PRI . BEE/INKNEIRE Von—Mises 1 115345 S v
T, BAEAIE S 10 1K,
1.5 Geitirik

K SPSS 23.0 A AT G oM, TR TR
X s R, ZHEURZ A SR BN R 7 229007,
PRZH [ 588 FE AR I SEREAS ¢ K2, P<0.05 Sh 28 5
At Lo

2 #® B
2.1 FREARIEHIE

ASHIF 5 o S 118 s O 1 A R SR ) = & DU o A R 4%
£35 693 878 A1 B 469 196 M BATT T A I )y
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B NORS TR, RERC I MO AR LS R ey, AR
il -, #5777 Dubberley LA B #7455 2 KW, HS.
MP. MP-KW & MP-HS5 41N [ @AY, 45538 BoR

MP-HS 7E[# 5 Dubberley IIA ‘B4rif, HAH f12¢5
AT HAL4H, FITERES, X55/K%
A 1 TR A U I RIF S HGE AT

K1 NEERGENA RGB! 1a: KW BRI 2 #0 [REF A SUE A 1h: HS BEAI 2 £ Herbert BRET M2 0E5H), 28X
BA, FTRMAEEEN  le: MP ERUEYTLTM E A 3 F TUIRET, 8umE A 2 #O FIRET  1d: MP-KW #58  [e: MP-

HS #5781

22 (RS ZE R

MP BRI R B far &, B i 5 A I 2 28 far A
RUNAEM L, ABTERR, o . AFBIRE A
R oA A A v e v N o DU 1 R T st A X 3
AR L 2, R EL e SR AT E R R
B 3 6 B i b e R B/ IMKIR R KW BERISHS A
AISMP-KW #EAISMP-HS #AL, 48] b5 25 R 359FH
Gt L (P<0.05). HIFEMT T, iR aE EN
KW A B SMP-KW A >HS HiRISMP-HS iR, 255
BHIFE L (P<0.05). fEHEEMAERT, HS A%
RUF MP-HS R RS ik 2/ VT KW BRI MP-
KW iR, 22538 Giit %08 L (P<0.05) .

*®2 MAHEEFHENGEE (0=10, mm, r+s) S

it (lilEEzq0) it 2 Eilkiz=qm)
KW 2.720.1 2.0£0.0 0.20.0
HS 0.7+0.0 0.6+0.0 0.8+0.0
MP-KW 0.40.0 0.3x0.0 1.1x0.0
MP-HS 0.2+0.0 0.2+0.0 0.6+0.0
Pl <0.001 <0.001 <0.001

2.3 N ST

ANFEZEATT, P ESEE Von—Mises v S 44
e PTEAl . HS it i iR 205 B H fih S fe iR T 5
MP 5 fi 4k . PURE E B T Von—Mises W ) I 45
R 3, TEAR B #A SRt ERTS, Akt
PR S 02 F R B/ MR KW BB >HS BAI>MP-
KW HEAI>MP-HS AL, 20 8] b 22 S X A e 0

X (P<0.05). TEfEHEMAENT, Birdkabm bl
N 3 KB AMK R R KW BERISMP-KW 5 5>HS A5
RISMP-HS A, 21 8] Fb 38 22 S5 3598 Ge it % 8 X
(P<0.05) . TEHFLHLMEHT, HS BRI MP-HS
AU rp [ 2 N A 8 25 /NT KW R ELRT MP-KW R
ZFHEGHEE L (P<0.05), {H HS #ERIF1 MP-HS
AR, 2R TGRS (P>0.05),

*2 MMEZEBH I Von-Mises S (n=10, Mpa,

x+s) SIEE

HAY R A i i A 2 i

KW 8 478.5+30.1 4 540.2+60.0 6 260.4+39.6

HS 1790.3+33.8 1331.946.5 1141.0+35.7

MP-KW 1173.4+32.7 824.8+4.9 2786.6+4.0

MP-HS 645.323.5 450.9+2.7 1 050.9+26.6

PAE <0.001 <0.001 <0.001
RIS

FHC J& h &0 89 Y1 1 i fe S5 i,
TEWAEIE A T HERTAL, P miEEl B 28R4 S
2SN /N = PN RRAEE s i T 5 G 9D WA E R NS STE RN
S VIEYT, AT A, IR R
VR SCT I, B P 2 A I N ST Al A
i "7, FHC A R &9 BRI, Kimball 45 ¢ #fE
HERR RO AT H BE I 1%, MASTRE .
B2, AT LA 5 I A B A X /NS B A R B
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£4F, Borbas 55 P 7E 18 H 7 RRT &1 L il & Dub-
berley 1A BUEHr, MMLAA[EE € =, @447
TR T X TR R AR A BUEr, BRET
S AR [ B RE R B BARACR . FARABRTCS i
W, W IOARSA IO AMI A . R SCTTRTIA B%
R Ree JEWE R 5 7 A5, X TR RS HER A
RV, SR ST SRS TR Bl B e s iy Gy
T ey A B i i 2, AT IR ARET, BT
IO/ FFRAEARAFI AR, B R PR sk G 5 R b
ONER O R 28 SIS, DABRAP IR /N Sk B i 4 i) 1
e

I AR5 FHEIRET A Acutrak $245] | Herbert $25]F1
FIWSCIRET, BAAEEAE  E AE ) 1 EIRIESE T Ac-
utrak 2 %] & Herbert SR [&] 2 34 A] A2 2 FEAHRICR .
Herbert $2% T IG PK B -0 FH T3 i A ardir, RLH:
HSEEIE ) Z W T NEHT . Herbert 12
ETRORE AT (1) =0gstgieit, nlgha s et il
B [ R VERR 27 3 (2) Herbert B2%] B & HAZ/N, 7F
[#i] 2 ok i b ] B SRR TR B R AL A (3)
SKRAURS A, Sk RIRS S FAREUCHORTR], 7EIRET
BT REpA] AR B B TR Z AR IR, 52
PRGEEE ; (4) ARsmCRIREGH, ATHESKREE, 8
ORI IR, O R D R R R AR A AR
(5) HEUMHAELF, AT TARBU, BIRFER T K
FARF, k2845 ) R Herbert 1251182 A7 B A 1)
W /N B, I B ORI, FAT AR 5Ty
I A, IR DIREIR AL RaF . EARmNEE =
I IS AN B, X5 18 45l Ji B /N Sk B 47 R AT Her-
bert BRET[E 2, LR AL 17 6, ¥4 1 2 e 250)
RIGYIAR MBI RIE . EIZ4E > %) 6 Bk /N
444

PrBFEMBED TR B TR . N EE I
BAE, UESET Herbert 8RETTE L H /N LB E Y
{0

ASON AT BRICER A, #2575 ZH N E 1A FROT
BORL, X Lo b HAT BROCA 0 )2t o R/
BT 8% 70415 S LRI (S 1oy A T P
2, HAS N E RO AT G 5 YT R RN e
AR PRE I S e P [ 5 A% e SR AR IR | IRy T
REME . TEAR 1 8 A i th 26 7 T, MP-HS ##!
Hrmi A /N R ERTTT . KW BIBUA
MP-KW {37 5t/ N T HAMAR A o (1 B o L2 i
AT E T, MP-HS RSB 2k b o [ 7 B ) i
N FEREEEATEHTR, HS BEALEN MP-HS A7
LA N /N T AR SCER 25 R oR, HS &
MP-HS HEAY PN [ AR 2 B 5] L AR, A5
RIS Wi, HAZSPERLE By iii
AN, BV, RERR LB AR EME . BER] HS K
MP-HS BJREH Bt =Y i RasE ., H MP-HS 2L
bt

i LTI, B H + Herbert #2471 %) F Dubberley
A BYfil B /N Sk B A il S 4 S 19 A 1 ) 27 R e
LA EAT R AL A A G IR . (AR AR RS A
DA 5 ) e B2 AT 20, JC R g TR S AR
PR R 07 D SRR, T E AN S . TR XU R
it — e .

(1] g, XL, A0, 55 . U)IF AL P [ TR YT O R IE
ANk = TR SR AT (0] S S B A4k, 2021, 36
(1):29-32.

(2] RS BEE /N K ITIS T R 0] . T E SR SR AL,
2013, 21 (12) : 1206-1209.

[3] Zalavras CG, Papasoulis E. Intra—articular fractures of the distal
humerus—a review of the current practice [J] . Int Orthop, 2018, 42
(11) : 2653-2662.

[4] Tt =Rk, Mk, 45 . Kaplan AFSICA TN AR IGIT K
NHE NS =18 g Y7 (0] . b E 5, 2018, 31 (12) ¢ 1148-
1152.

[5]  Fram BR, Seigerman DA, Ilyas AM. Coronal shear fractures of the
distal humerus: a review of diagnosis, treatment, and outcomes [J] .
Hand, 2021, 16 (5) : 577-585.

[6] Bellato E, Giai VR, Bachman D, et al. Coronal shear fractures of
the distal humerus [J] . J Funct Morphol Kinesiol, 2022, 7 (1) : 7.

[7]  Chang AL, Dieterich JD, Diprinzio EV, et al. Surgical approach
and internal fixation techniques for intra—articular distal humerus

fracture with coronal shear capitellar fracture [J] . Tech Hand Up



3L HSH
202343 H

TSRS
Orthopedic Journal of China

Vol.31,No.5
Mar.2023

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Extrem Surg, 2020, 25 (1) : 25-29.

Dubberley JH. Outcome after open reduction and internal fixation
of capitellar and trochlear fractures [J] . J Bone Joint Surg Am,
20006, 88 (1) : 46-54.

AR, SRR, WIINE, 55 L BECR SR B BTN AR T A A I
FesE TR =44 FRIT/MT (1] . TR SRR K, 2022,
36 (8) : 995-1002.

SIRBR, WEE, AFHE, & RCE DR BTG I O S AL
AT BROCHE I B A S7 5 53 B (1] . RN PR R 222412, 2022, 52
(7) : 539-544.

TROEMR, TR, TGN, &5 . T IS 3 Ahpy e g7t
WA BRI A BT (0] . v FEL I R A ) 27 2% 3K, 2019, 37 (5) : 553-
558.

oK, BT, B, 45 L BRI FrykmanVIIL 205 47 945
A PR TC AR 1 N K )2 AT (0] b LSRR Y
2020, 24 (27) : 4272-42717.

VR, UG, 70 Rl R BRET 455 O S0E SO MR
ST IRNE /N Sk B T BT R )] . SRR, 2022, 28 (7) -
638-641, 672.

RIS, MG | Herbert BRET SHRARIAYT Mason I BUBEF /N ket
PG RHT (1] . S ERHEE, 2015, 21 (2) : 160-162.
Ruchelsman DE, Tejwani NC, Kwon YW, et al. Coronal plane par-
tial articular fractures of the distal humerus: current concepts in
management [J].J Am Acad Orthop Surg, 2008, 16 (12) : 716-728.
Kimball JP, Glowczewskie F, Wright TW. Intraosseous blood sup-
ply to the distal humerus [J] . J Hand Sur Am, 2007, 32 (5) : 642~
646.

Watson JJ, Bellringer S, Phadnis J. Coronal shear fractures of the

distal humerus: Current concepts and surgical techniques [J] .

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Shoulder Elbow, 2020, 12 (2) : 124~135.
Dehghan N, Furey M, Schemitsch L, et al. Long—term outcomes of
total elbow arthroplasty for distal humeral fracture: results from a
prior randomized clinical trial [J] . J Shoulder Elbow Surg, 2019,
28 (11):2198-2204.
Wiktor k., Tomaszewski R. Humeral capitellum fractures in adoles-
cents: a study of 6 cases treated by open reduction and internal fix-
ation with bioabsorbable nails [J] . Adv Orthop, 2022, 2022 :
4012125.
Borbas P, Vetter M, Loucas R, et al. Biomechanical stability of sim-
ple coronal shear fracture fixation of the capitellum [J] . J Shoulder
Elbow Surg, 2021, 30 (8) : 1768-1773.
ORI, FUR 2R, WER, 45 . WA ARA BRI IE /N ki3
YR LLAR (1] P EFFZ SRR, 2018, 26 (10) : 865-869
FOCH], Tk, TAEE, 55 Herbert BREJIRYT I N BT [l it
PEAHT (1] . s EERIE MR, 2009, 17 (14) : 1054-1057
KL, B2, BRI, 4 . T A Herbert BRET A 1 5 15 Bl
AN BT RS BN ()] E L TR,
2015, 19 (9) : 1435-1440.
TAERS, TR, TR, &5 RAMUA SR 2 0T NI E R YT IE
BN E TR )] . P S O Ak, 2017, 32
(1): 90-91.
V%, A, BSRE . 2 R MR A Herbert BRET 4555
BTN [ 223377 Dubberley TITB B /N Sk B BT 25050 0] .
S TG 2 AR, 2021, 36 (5) : 526-527.
(ki :2022-11-12 f£[11:2023-01-30)
(FATPECE R N 0 EWIE])
A Sttt M)

445



