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Biomechanical study on the novel minimally invasive anterior ana-
tomic locking plate for mid-distal humeral shaft fractures

JIANG Chao-lai', JIN Wei', QIN Hui', AN Zhi-quan', ZHANG Chang-qing', WANG

Yi-jin> (1. Department of Orthopaedic Surgery, the 6th People’ s Hospital, Shanghai Jiaotong University,
Shanghai 200233, China; 2. Biomechanical Institute of Shanghai University, Shanghai 201800, China)

Abstract; Objective To test the mechanical properties of a self-developed novel anterior mid-distal humerus an-
atomic locking plate ( hereinafter referred to as the new plate) and to improve its design to provide theoretical
support for its clinical application. Methods Twenty intact humerus from embalmed human cadavers were ob-
tained and used for the biomechanical test on mid-distal humeral shaft fracture models by using the new plate
(group A) and 4.5 mm LC-DCP ( limited contact dynamic compression plate) ( group B), respectively. Both
groups were compared under axial compression, medial-lateral bending, medial-lateral three-point bending and
external rotation torque. Results The stiffness, strength and stress shielding of the new plate for mid-distal hu-
meral shaft fractures under four different loads were superior to those of 4.5 mm LC-DCP, and the differences
were statistically significant( P <0.05). Conclusions The new plate can satisfy the requirements of physical
training at early stage for fixed mid-distal humeral shaft fractures, which gives great clinical values.

Key words: Humeral shaft fractures; Minimally invasive plate osteosynthesis( MIPO) ; Internal fixation; Loads;
Mechanical properties; Mechanical testing
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AU LA R B Bl E AR (LA 1)
(LI AR Bl s BT A% B2 7] AR 7, % #5 ZL 2008
2 0150496. 0) G & (A BRWIER 7, W 187 329 20 1] 317 F)
60°IIE , A T T BAl 4 LI, i i ik R
EJ7 BT =AAUERE E 4 em it BAMER
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Fig.1 The novel minimally invasive anterior locking plate for mid-
distal humeral shaft fractures

BENLR A B I8 AL B ir4s 30 B, IBRH & 4K
HA, 2 X LA HERETE JRE-FirAs, R HO-
LOGIC DISCOVERY A (S/N 80347 ) & % J&F {¥ ( dual
Energy X-ray Absorb-Tiometry, DXA, F1g 11 55 JUA
RER) W& 5%E, BRERERE N 20 Fiis
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FEEEIS I FER. 2 A4S 3R FFEMNAR (A
4H) FIESEAR 10 FL 4.5 mm A BR MRS 7 n FE 44
% ( limited contact dynamic compression plate, LC-
DCP) (B 4) [& 52 , Wism 4 3 #OUR 4T, & % 56 sUs H
LT LA T T B AL EER 10 mm BB ( LE
2) , VIR LB WA sl o W T B, WG i B 7K 8 (R R

NG H R W E e, fRE B T <1,
AR e A DA BE A R AR in 2R

(a) (b)
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Fig.2 Two anterior plates with a 1 cm mid-distal shaft fracture
gap for testing (a) The 3.5 mm novel locking plate group, (b)
The 4.5 mm LC-DCP group
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Fig.3 Biomechanical machine for testing specimens of humeral
shaft fracture

1.3 ZitEFHE

X B SE T B R (L R B R SR 22, AT AL B R
B AR AR F X 6], B b SPSS 13.0
AR TG AT R A B I BE A K B3
PR 8, 2 P B LA B + AR SRR B EK

R1 EHEHET-HEXRE(pe,xx8)
Tab.1 Relation of load-strain under axial compression( e, + S)

%N P <0.05,
2 &R

2.1 ABWAMGEARHEET FTHHT-KEXER
2.1.1 EHHEA-BEEAZ ABBHUAWERIELS
BA-RAERR IR 1, G5RRA: (1) WA A
A FREE R TR, 24T, (2)A
YL B AR AR/, FEAARM (PS) A 4 EE B 4 R AE /N
10% ~11% 7245 , LERMRO (0S) A 4L B 40 AR
IN16% ~17%

2.1.2 THERHS-REXEZ A BRHABMGER.
A rey o iy 2 AT T S AR AR R LR 2, R E
B - (1) BB FRARAR b 207 - o A8 SR 2R , 25 ol b AR Bl
F LR RGN B, FAE 2 LA, (2)
TERIMRMI(PS) A 4L b B 4R AE/N 10% ~12% FEH
B (OS) A it B AR AE/N17% 2K .

2.1.3 meE-pEAR ABBHHAWGHEE AT
MR- R LR 3. SRR (1) =B
YEF T AL B R AR A 2L HAIb, (2)A A%
B A NAE/N, (3) A B W4 SLE bR A 7EAH [ AE 1
FAF € RE B AR A R0 ) B AR TS 22 5

BAT/N
100 200 300 400 500
A4 (O8] 9+1 19 +2 28 +3 36 +4 48 +5
PS 12 £2 2513 36 +4 49 £5 60 £6
B4 (O8] 12 1 24 +2 35+3 47 +4 58 £5
PS 13 £2 27 +3 40 +4 53 +£5 67 +6
T : OS : SRR, PS : SR M)
R2 THMBE-HEXEA(ue,xx8)
Tab.2 Relation of load-strain under medial-lateral bending( pe,x + s)
IE M2 i 3/ (N - m) ) 25 th i/ (N + m)
1.5 3.0 4.5 6.0 7.5 1.5 3.0 4.5 6.0 7.5
A4 0S 15£2 313 45 +4 62 £5 77 £6 14 £2 29 £3 43 £4 58 £5 72 £6
PS 19 £2 39+3 58 +4 78 £5 97 £6 18 £2 37 +£3 55 +4 73 £5 91 £6
B4 oS 18 +2 37 +3 55 +4 75 +5 93 +6 17 £2 35+3 52 +4 70 £5 87 +6
PS 22 +3 43 +4 65 +5 88 +6 108 +7 21 +3 41 +4 63 +5 82 +6 103 £7

T : OS : SN, PS - 40 A ]
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R3 HE-HEXR(pe,x£8)

Tab.3 Relation of torsion-strain(pe,x + s)

R/ (N - m)
0.6 1.2 1.8 2.4 3.0
A 0S 17 £2 35+3 50 +4 67 5 84 +6
PS 17 2 34 +3 50 +4 68 =5 856
B4 0S8 24 +3 49 +4 74 +£5 99 +6 123 +7
PS 24 +3 49 +4 75 £5 100 £6 124 7

OSBRI, PS - 4XAR MM

2.2 HEBAEERT THEFT-AUBEXE

2.2.1 EHBEFEER BRSBTS RL
F4, HRFRW: (1) BAWEEBEIENT, B
SMBTBERELRME, (2) BrHwiiE A H
B 4H/N33%

2.2.2 EfAMEE g IE AR SRR
EXRREMES, &RFRH: (1) AEBGIEHTE
M- EA FERETh, (2) A AR/
TBAH, HEMHE13% .,

x4 EHBFEFT-AUBER(MM,xxSs)
Tab.4 Relation of compression load-displacement(mm,z + s)

2.2.3 A#EZEH ABWAHEHAMAXRILE
6, ZEREN . (1) fEAMEBMERA T, HAE-H A
LAY BRI, BEMSR G R2 L EL .
(2) A.B WFPAS RSN [ 2 , 6 S5 R B R AT 7E
T, HAWIEZE 2% .
2.3 BRBEITHTIRE R 1B

N [R] B EAR Y BRA3 FF BR AR P R A B, 3
PR B B AR 2 I R AT, B IR B AR
BT BI R J7 R AR R AE F , — MR RN b

BA/N
500 100 200 300 400
A 0.26 £0.02 0.52 +0.04 0.78 £0.06 1.04 +0.08 1.30 +0.10
B4 0.38 £0.03 0.78 +0.06 1.16 £0.09 1.55 £0.12 1.94 £0.15
%£5 ERSMESHEH-HEXR(Mm,5xs)
Tab.5 Relation of load-defection under medial-lateral bending( mm,x £ s)
/(N - m)
1.5 3.0 4.5 6.0 7.5
IETE e 0.45 +0.03 0.90 +£0.06 1.35+0.09 1.80 £0.12 2.25+0.15
B4 0.52 £0.04 1.04 £0.08 1.56 £0.12 2.08 £0.16 2.60 £0.20
i A4 0.44 +0.03 0.87 £0.06 1.30 +0.09 1.75 +£0.12 2.18 £0.15
B4 0.50 £0.04 1.01 £0.08 1.50 £0.12 2.00 +£0.16 2.50 £0.20
*6 HMEHMEER((°)/cm, Tx5)
Tab.6 Relation of torsion-torisional angel( (°)/cm, z +s)
15/ (N + m)
0.6 1.2 1.8 2.4 3.0
AH 1.92 £0.02 3.85+0.04 5.76 £0.06 7.68 +0.08 9.60 +0.10
B4 2.40 £0.02 4.80 +0.04 7.32 +0.06 9.74 +0.08 12.20 +0.10
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Fig.4 The stress shielding rate of the lateral and the
contralateral plate of the humerus(% ,x  s)
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Tab.7 Stiffness change of the two plates

PP (1=3.453,P<0.05), (2) 4 FRRIZRF
T, FEBIRCRHI (OS) A ZH L B 410 73 P42 2 5
57% \13% \13% 59% ,GiitWnwiE B EA BEE
£B(P<0.05),
2.4 BREEEMRIE

FEARBATE T W BL & RN B (EF) |2 #d
2R T i BB (EL (EL) LA R E BT T Y
HAERIE(G]) MBS R IR T, SRR A AL
B 41 EF, & 33% , Bi& 25 i M BEAE 22 14% ~15% ,
HAERIEAHZE 21% , R BERHEEREERER
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2.5 FEHRIEREE

ERNE ARG A AR EE T XML, AR
A IR, AR R 0 S W i B 1, B
Bt R ER . SFRRIE A 4. 111. 81 +
8.37,B#.47.53 +3.78, A 4AF B 4, W&
2257% (P <0.05) , SRR IE 8, HERE
HAAMEYNSTBA BABEEERER(P<
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EF,/(N+cm- (°)™') EF,/(N-cm-(°)")

EJi/(N-m-(°)™)

EL/(N+m+(°)™)  6GL/(N-m-(°)™!)

Ad 384.62 +28. 80 400.00 +31.00 0.70 £0.07 0.74 £0.06 0.31 £0.03
B4 257.73 £23.20 280.90 +27.20 0.60 £0.06 0.63 £0.05 0.24 £0.02
*8 AHWREEKEHENEERBER(Xxs)
Tab.8 Failure test results of the two plates(x = s)
E45/N Hrfi/N EZh/N s /N %%/ (N - m)
A 1376 +128 1334 £134 816 +78 774 +68 3.28 £0.28
B4 1214 +120 1181 +121 688 +70 626 +60 2.86 +0.24
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