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Biomechanical Evaluation of Locking Compression Plate System for the Surgical

Management of Comminuted Proximal Tibia Fracture
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1. ME

T 9 F 4= (comminuted fracture)e] &4 X7
of 9ol = ﬁ‘rfi% E‘_—‘:r aAsldE 7 Oi?ﬁlw] u}
=v A HoZ Qld] F FHEF e Hrdt &4
< = 915}[1] °ol& 350}7] A8l A sk 54
F(locking compression plate, LCP)S ©]-83}o] bridge length &
Fa aAgozn AdxHE JH(callus)el IS F3l

o|x}4 F |r(secondary fracture healing)S =% 4= ATH?2].

LCP = =3} w&a 7ho] whdE o] obd H &3] hole 7
screw head WA Sl 2SS B3l Hoh e 1AHS 7HA
5 o] 48 ARAl 7S Al = (periosteum)
9] &4 FHazheoi3].

=4 B9 HHEF AFL LCP AlE F wE o] xF
= AFE AsA dasth o fdME A4 stss
H-of (weight bearing)dte] =4 AWzl micro motion ©] A
’d = o] of Z'7”4[4] A RE Al HOﬂ ST x4 A
AE 7HAA e AEelA stes o & Ag =4 K
9le] #=3 motion &= QI = o] AdE sk
[4]. @b B AFdAE f3as A (finite  element
analysis, FEA)S &3l & 915 Eal=ddl A<=¥ LCpP
7h FEE T2 IS SR AAATH FrE o
Ak wE Ao AFAdE A AW Aol gk 93t
A 34 2 FdF cllus e F4 AT mEsqinh

2. M7 3 A

21 frges Ne 24 75

Skt AJ919] &5 A (left tibia)S 1mm M o2 HFH
W% #%(Computerized Tomography) 3 MIMICS(Materlallse

Belgium)E &3l Al o e ¢ }Oﬂvk = 29T

=78 LCP(LCP_PLT, Synthes, Switzerland) 3! bone screw E’_
9& 3D scanning S B8 TEITh EAEEEe A0
classifications 41A3[5]°ll whe} A= 9)4-o Zo] 35cm 9 =
A WHol 3 3 ALERE IS lﬂJ— CESRE

(lateral)ell LCP <} bone screw = 3143lo] A& 2dlS 9443190
tHFig. 1).
[ _|j§?:IIDIi

(@) (b) (©)
Fig. 1 Construction of a surgical FE model : (a) Pre-op model
with a 3.5cm defect, (b) LCP & bone screws, (c) Post-op model

Alg B2dL 263,414 7§ 2] hexahedral element 2} tetrahedral
element = mesh 33t} Aol X' (cortical bone)?} s
(cancellous bone)¢] A X Z, LCP £} bone screw o= ElELE

TH(TCALTND ) E3% S 242 0135l e (Table 1), H17]]

22738 MSC. Patran 2006(MSC Software, USA)S- ©]- 85151t}
Table 1 Mechanical property of FE models
Elastic modulus Poisson’s ratio
LCP & bone screw 110 GPa 0.3
Cortical Cancellous
Tibia model bone bone 0.33
17GPa 700MPa

e Al B 135S Fig 2 oF o] A% mEle
A FE2r 141 axial stiffness ¢ LCP 2] strain S W] L&} tH6].
o] wje] A% wele composite synthetic tibia(Sawbone, USA) =
AAskR L, 2 weke] AEFskE-S MTS 858 bionix(MTS
System corp., USA)= ‘dﬂo}‘iilﬂr. Strain = LCP <] Z} hole
FWH oA Strain Measurement System (AL1600, USA)S o] &
ato] Akt

(134 N/mm)

(a) Finite element(FE) model  (b) Mechanical experiment
Fig. 2 FE model and mechanical experiment for model validation

22 3% ® AAxA

Elacy él% 700 N o] AES 711 Abgho] Fabz x4
213 AF3(bilateral stance phase)% 7Hgsiith. ek A=
Hekoll 826 N (15 _medial: 500 N, 9] lateral: 326 N) 9] <
oS F-45Ft7]. = bone screw, bone screw £} LCP Alo]
thread & 53 22ES 11335} tied contact & F-o151%1L 7

HAREZ x,y,z o7 743 tHFig. 3 a).
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(@) (b)
Fig. 3 (a) Load & boundary conditions (b) Callus model in defect region
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AfFAo W LCP 9 TZ3 P A
o)abd = Afe A5, 3E, AF dAl(inflammatory,
reparative, and remodeling phases)& A XlHrt. o]
callus = 32O A AAHo] mA 24 GAZ =3
g F2 gARTg]. = ATNAE Ale HFEE
VA0 T 16 F7hA 9 32 A} NG} SrE A
a3tk Callus o 71A1A S X+ Gardner 59
%1[9]3 EUl2 bone maturation =ol wel FoJEks)
(Table 2). &3 =4dell ot H53) callus o Fel= A=
g% 2 = 7+ersh 81T Fig. 3_b).

104Nr52
mﬂrﬁoﬂpzé

Table 2 Changes in callus after surgery [9]

Post-op stage Tissue type m\c()?jmgs,iMPa)
Immediately after Haematoma i
surgery
Aweeks Soft fibrocartilage tissue 76
8weeks Callus, 25% maturation 700
12weeks Callus, 40% maturation 2,000
16weeks Callus, 60% maturation 5,000
Complete healing Cortical bone, 38% 17,000
(*CH) Cancellous bone, 62% 700

* Poisson’s ratio = 0.33 *

freta s *‘GHQ% HE X2 Abaqus  6.8(Simulia,

& &) Ilnear analysis)& G~3Js}sich 1

d 2 LCP ¢} bone screw 2] A4

H /\}O] 9] axial strain I} YZTE 9]
n Mise stress, PVMS)< #4935}t

3. &3

AAA R Af7|zke] A 2 +5% Zdd kY strain

AEHEY PVMS %k" Aaste S 2. Ale
A% o wdloA ZAH W 719 strain < 40%, LCP ¢} bone
screW«] PVMS = 2099 MPa, 1576 MPa 2 <= %11, A&

F 3o Rae 7}z 18%$} 905, 650 MPa, L]l A
-2 8T Zo| A= 0.9%, 35,66 MPa ©| T} A& ¥ 125
16 2] Zdlo| A= 0.6%, 20, 32 MPa ¥} 0.5%, 12, 22 MPa
e = A fF g5 2de] LCP 9} bone screw <]
S7+$8 e 747} 10, 22 MPa ©] 21 UH(Fig. 3 and 4).
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Strain at interface of fracture region

Non union occur
(> 10%)

Strain range for callus
formation (2 ~ 10%)

1.5 Primary bone healing

1 4 occur (0 ~ 2% )
0-5 .
0 T T
4

8 12 16
(post-op weeks)

Fig. 3 Strain at interface of fracture region with strain field

(M llF'V\/IS in LCP and bone screws, post-op
pa
mLcP

W Bone screws

Yield strength
...... i of Titanium

“-l_l

0 4 *C.H.
(pnst upweeks]

Fig. 4 PVMS in LCP and bone screws with yield strength of Titanium

4, D&

2 AFdA e A 25 B4 ZH oAH = A
5 S8 MgdE LeP o x4 S FIash 4
Ho g2 Hristazk sgith F38a Ale EEe HES
3 7&%’8}%} gAAe 2P E Fol7] 8l A&
Bdo] A AzZo 9 &4 2 callus o FHAAHES
CRE A= oH’H A AAH o= callus o 7] A4 FE7}
ZAstge wel AleRde] gt EolA e AIFS B
o} WA A& AFTRE 4 F 5 71X bilateral stance o]
et skl Aol A7tEAS HS LCP 9+ bone
screw °f ElBbg @59 FEA=<l 800 MPa & HolA=

PVMS Zto] AlXtE o] JZaBEQ AAdWEHo] dojd 4= 9]
s A5 & MOiDP(FIg 3) 2eol 4w Abo] €] strain
Y72h 40%<F 18% = ALE A, =4 Al callus & A
St = AW kel HA3E strain 3491 2%°1A 10% H$
[10] °]% oS el 4= QAUTH(Fig. 4). AT A& 8 F
FHEE callus o 71AA E4X7F st goll ot LCP
bone screw 2] PVMS + E|tlF &7 29 10%H| e g 7+
AF3 By FH B9 strain = 2% "o g AAE T
(Fig. 3 and 4). w}elr A& 3 8F o]F 2= bilateral stance
at% tollM= LCP 7h 7324 M-S 7HE Alos A SHn
SHAIRE A 9 4 24 A=t bllateral stance 9] t}h
3t sl =& 2 9
7

11 o
J\l f

T7F g Aow Algdy
5 828
Fare s M An A 295 B Zdo Al&¥ LCP
+ bilateral stance o A4 s}5 ol A Al 8 F o] FH-H
T FES B 7TE2E A S 7HE Rer d5HT

2 As AR Al E AT AE(ATO) |
oo A& ol #AFAE (AR 10014102)
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