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Effect of plate length on the stiffness of plate and screw fixation structure

Hang Hai-feng’, Liu Pan?

Abstract

BACKGROUND: Currently in the process of fracture fixation, studies on different plate lengths under a certain number and
distribution of screws are few. When plate is too short, fixed plate is not strong, so which usually cause the failure of internal
fixation.

OBJECTIVE: To detect the stress changes of different plant lengths under the same number and distribution of screws by three
point bending test.

METHODS: Thirty tibial specimens in adult corpses were divided into six groups (five in each group) at random, each of which
was cut transversely in the median for constructing non-defect fracture model. Every group was fixed symmetrically with four-hole,
six-hole, eight-hole, ten-hole, twelve-hole, fourteen-hole limited contact dynamic compression plates (LC-DCP) separately and
each plate was attached by four screws (two screws were the nearest to fracture and the others were the farthest from fracture).
Groups were labeled as A, B, C, D, E, F groups orderly.

RESULTS AND CONCLUSION: In three-point bending test, the average strain of fracture site in the group A was maximal and in
the group D was minimal. There was significant difference in the average strain of fracture site between the group A and the other
five groups (P < 0.05). There was significant difference in the average strain of fracture site between the group B and the C, D, E,
F groups (P < 0.05). There was significant difference in the average strain of fracture site between the group C and the D, E
groups (P < 0.05). There was also significant difference in the average strain of fracture site between the D and F groups (P <
0.05). It is indicated that during three point bending test, the screw length has significant effect on the stiffness of the plate and
screw structure under the same screw number and position. The 8-hole plates and those longer than 8 holes have better elastic
deformation ability and stability.
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A: Four-hole; B: Six-hole; C: Eight-hole; D: Ten-hole; E: Twelve-hole; F:
Fourteen-hole

Figure 1 Experimental model
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Figure 2 Schematic diagram of the experimental model
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Figure 3 Paste of strain gauge

3 BT AP

MK 77 5% : BFAFEALE TR AL FAEAT I B4R CF i
A7 10 1) = ST 25 S (B T o A R A P TRD S 05, BNAR
P A AL A AN SIS ), INAGE 10 NYs. ZEnZE 3
300 N. 500 N I s A THERY (155, 7E m#c 2
800 N L 37 AR T, [ U 15 11— s s
K4,

Figure 4 Three-point bending test
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Figure 5 Schematic diagram of experimental principle
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2 R

21 RARAFTEETIEER TSN (B8 KN
Jr, Gifar 300 NEF, AZ15B4l. C4l. D4l. E4l. F
Y2 IRPY N AR 22 3 B MR (P < 0.05), B4l
C#4l. DA, E4l. FAZIR PN ZRH BEER X
(P <0.05), £ UL« K6a.

F 1 =ZmHrE s 300 N Hfar i %20 AR LR
Table 1 Strain of each group detected by three-point bending
test under 300N load (x£s, n=5, pe)

Strain gauge A B C

1 437.40+£15.73 412.70+17.61° 369.39+15.55°

2 116.78+11.94 110.96+11.66 110.37+9.88

3 37.48+6.88 36.04+7.21 34.3045.35
Strain gauge D = F

1 366.12£14.57°  368.21£15.40%°  371.63%17.58%

2 105.46+10.06 110.68+10.26 109.00+£10.18

3 31.62+5.36 35.73+6.91 34.3614.92
4P < 0.05, vs. A group; ®p < 0.05, vs. B group; A group, B group, C group,
D group, E group, F group respectively represent stainless steel four-hole,
six-hole, eight-hole, ten-hole, twelve-hole, fourteen-hole limited contact
dynamic compression plate fixation groups

i 4500 NiF, AZ4H5B#H. C4H. D4, E4H. F
Pz RPN AR 22 S 359 B2 PR (P < 0.05), BAY
C#4l. DA. E4l. FA RPN ZERH SENR
X(P < 0.05), C415D4l. B4l [ P3N AE 7 5 H
SR (P < 0.05), CHSFAZIFEHNALZESRT
BEMRE (P> 0.05), ZiFN%E2, K6b.

F2 =TS 500 N GG 541 AR HL A
Table 2 Strain of each group detected by three-point bending

test under 500 N load (xts, n=5, pe)
Strain gauge A B C
1 537.64+20.99  486.03+23.06° 446.86+21.90%°
2 227.17+11.99 207.39+15.13° 167.31+12.85
3 64.89+8.10 55.77+7.66° 46.76+6.03%°
Strain gauge D E F
1 403.47+19.56™  410.87+19.96™ 423.22+25.62%°
2 151.08£13.18%°  152.42+13.35% 156.87+11.97%
3 41.35+6.14%° 45.07+6.02°° 46.30+6.61%°

P < 0.05, vs. A group; ®p < 0.05, vs. B group; A group, B group, C group,
D group, E group, F group respectively represent stainless steel four-hole,
six-hole, eight-hole, ten-hole, twelve-hole, fourteen-hole limited contact
dynamic compression plate fixation group

fi4i7 800 N, A415B4l. C4l. D4, E4L. F
Pz PPN AR 72 35 2 MR (P < 0.05), BALY
C4l. D41, E4l. FAZIMFHNAR 2 B BE MR X
(P < 0.05), C415D4l. E4lx A Py MiAs2 S 1A i
ZPERE (P < 0.05), CAlSFL4Z M T3 NARZ 5
EME (P > 0.05), FA5DYLZ [APFANALRZE B A
BEMNEX(P < 0.05), SEAZHERTLEENLEX
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Table 3

F 3 ZHPrEELL 800 N g & 4H B AR L
Strain of each group detected by three-point bending
test under 800 N load

(xS, N=5 , pg)

Strain gauge A B (o}
1 815.36+25.37  756.71+24.55° 691.17+26.44™
2 354.30+14.21  319.23%+15.16° 288.49+15.12%°
3 108.41+10.43 94.25+12.83° 78.85+9.15™
Strain gauge D E F
1 615.75+22.34%°  632.29+24.59™ 661.49+23.72%°
2 256.74+15.14%°  258.21+13.52% 272.18+14.02%°
3 63.64+9.43% 65.40+10.08%° 72.69+8.50™°

PEE (P> 0.05), Z5H0%1; Hifg 4500 N, AZlL
B4l. C4l. DA. E4. FH AN AR 2 R &
FEMEE N (P <0.05), BA5C4. DA. E4. FAZM
PR AR 2 A B R (P < 0.05), £ ILER2;
47 4800 NI, AZ15B4l. C4l. D4, E4l. FA
[B]SP-34g W AR 22 S 34 525 T (P < 0.05), B41 5C4lL.
DZ4l. E4. FAZ RPN ZERH REEHRE (P <
0.05), C415Dl. E4lz[a PN A% FI4H B % %
B X(P < 0.05), CAL5F4Lx a) P MAr 2 50 i 2 M
B X (P>0.05), gRNE3. K7

P < 0.05, vs. A group; °p< 0.05, vs. B group; A group, B group, C group, D
group, E group, F group respectively represent stainless steel four-hole,
six-hole, eight-hole, ten-hole, twelve-hole, fourteen-hole limited contact

dynamic compression plate fixation groups
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A group, B group, C group, D group, E group, F group respectively
represent stainless steel four-hole, six-hole, eight-hole, ten-hole,
twelve-hole, fourteen-hole limited contact dynamic compression plate

Figure 6 Average strain of the first stress plant in each group
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A group, B group, C group, D group, E group, F group respectively
represents stainless steel four-hole, six-hole, eight-hole, ten-hole,
twelve-hole, fourteen-hole limited contact dynamic compression plate
fixation groups

Figure 7 Average strain of the second stress plant in each
grou
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e I BEMEE (P < 0.05), ZiHENE2; HfFh
800 Nif, A415B4. C4l. D4l. E4Ll. FAZIAEY
MARZE S I B R (P < 0.05), BA15C4l. D4
E41. FALZ [ 3 AR 22 3500 2% 1t 2 (P < 0.05),
CH 5D, EA )N A 7 R ¥H S E R X (P <
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A group, B group, C group, D group, E group, F group respectively
represents stainless steel four-hole, six-hole, eight-hole, ten-hole,
twelve-hole, fourteen-hole limited contact dynamic compression plate
fixation groups

Figure 8 Average strain of the third stress plant in each
grou

p
8  FHMILE =N YR AR

YN B 25 S e B R X (P > 0.05);  ffif 4800 NI,
A 5B, C4H. D4, E4. FAH R FHNEBERY
HEZEMEN(P <0.05), BASCH. DA. E4. FA
Z PP 22 e A B (P < 0.05), C415D
4. B2 PN B2 535 W2 2 (P < 0.05),
CHSFA RPN ZER T EEER X (P>0.05), F
H 5DH [0k 2= i B E X (P < 0.05),
ez MES LR EWE (P > 0.05), 48R N%KL,
K9,

K4 FSUERFEALERRBAT MR Erim A8
Table 4 Samples in each group simulated the displacement of
fracture site at different loads (xts, n=5, mm)

Group 300 N 500 N 800 N
A 2.552+0.241 4.384+0.296 6.594+0.380
B 2.202+0.220° 3.777+0.282° 5.958+0.395°
¢ 1.876+0.142% 3.257+0.282%° 5.220+0.368%°
D 1.758+0.132% 2.651+0.222% 4.080+0.281%
E 1.847+0.128% 2.850+0.244%° 4.424+0.318%
F 1.849+0.153* 2.933+0.261%* 4.810+0.326%

2.4 KRB fAT T 6 S LA AL R AT TALBUR 3755
A aHr g 4300 NI, AZ15BZ1. C41. D41, E
A\ FHAZIPPEIAI R 2 e 354 B3 = (P < 0.05),
B4l 5CH. DA. E4l. FAZ M FHMBERHEE
EMER X (P <0.05); #4500 NI, AZ15BA., C4L.
D4l E4l. FALZ I FHAi R 2 i B TR (P <
0.05), B415C4l. D4l. E4l. FHZ A F¥fi#2E R
W BEVEE (P < 0.05), CH5D4l. EAX IFF
B2 4T BE MR (P < 0.05), CH5F4H2 8)F
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P < 0.05, vs. A group; ®p < 0.05, vs. B group; A group, B group, C group,
D group, E group, F group respectively represents stainless steel
four-hole, six-hole, eight-hole, ten-hole, twelve-hole, fourteen-hole limited
contact dynamic compression plate fixation groups
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g 6f - [ 800 N
3 5F ]
s ) ‘ 8
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o 2F % \ § tﬁ
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< 1F B B b 3
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A group, B group, C group, D group, E group, F group respectively
represent stainless steel four-hole, six-hole, eight-hole, ten-hole,
twelve-hole, fourteen-hole limited contact dynamic compression plate
fixation groups

Figure 9 Average displacement of fracture site
simulated by samples at different loads
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AR SE PR E PR 52
3.1 EEeAHegiLE

WRAROIESE : LUV 2 0 T ITaVBRIBRET o 8 2 R4
S 2 R 28 2 2 TP R IRV YA IR (polyurethane  foam)
MR PVCHE () AN S AR, A SR 34 )~
PRI, XL} I S S8 ST I R T R AL B
—EWMSHEM, HAKREEEHRTE—PRIE. R
0 S0 TR T AR 45 A R i 7 BT EESR, AR S IR
R ML B ) A AR P IR (20~40%, AN EER), B
AMRRE X o PRARZXG S8t HERRSM . IR W%
AR o H HHXUZ SRS G E T-20 CIRIR
VKFEARAE, SEH T E MR . IXFE R B 7R3 1
BT S M A AR 2 SR SR I

RIE AR AR H R A D AS (R AN AR K B 5
B HTENRRBRAET PN 8] 58 A PR R, i AN ASI S B
AR (WILISS. LCPE{LC-DCP). 24T X A [l & Fa s 1k
RO, T HLSCe i T aiiR . BT SE oK, fEE I EA
ERANENAR B BRAET, BRI AT B S5 114 2 SR B N G s
B BN SRES AL A IR PR RS AE R R AMAR . WRET, HERRT
AR hzES . MBUERENFL. STl FL. 9L,
+ Al VUL E S AR, AT AR AR
EERYE

R AR FOPH AR R AR R R
BN A8 F (R BEL R =(119.84£0.2)Q, R il & $=2.12%
0.01, HMHKxMiFE=1 mmx1 mm), FSZIRN )k
WATERAE, DRIR AR BRIt 5 R 0%, PR
PAEIBIEIRZE, CHANLIGEH, SR AR E R T
—, BA R EPHE R M DR B e iBH . AR
WO 9 55 75 s AU S RIS A8 1k BB 1) /b BN
B
32 MBEEMEE. SRR EEGH T (fIKE,
B B T B2 S AT I s A, TR RCE IR
IR N AE SR T, BT DU T RIPIN  NAR TR L
TERRRR K T, SRR Sy AT, R4
LR A AR O TIR, IR R RERAT LG AR 2L
b Hly 7 AE A B R NS, AR R R RN T, A
FIFHAE 8T, ERE SUREH R,
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B, R AENB 3 0 AR AN R 2 I 1 4 [ 5
R AR, o HTARBRRET A EERROE M. 1 2 S RIE
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WA 35 R DU R 2, SRR 16 7 5 M R
WS,

#5 EEHKNFEER _
Table 5 Mechanical properties of tibia (xts)
Tvoe Maximum Ultimate strength  Modulus of elasticity
P load P(N) ob (MPa) E (N/cm?)
Tension 3478+36 140.0£12.0 1803.2+480.0
Compression 3 660+42 151.0£14.0 1 920.0+£520.0
Bending 2 960+28 213.0£16.0 1195.6+£260.0
Torsion 78+12 44.3+10.0 1 678.0+£340.0

3.5 IARKE PTIE TAREKERIRE I PR E 5
M B i B A A 2 BRAT 2 TR R R . SR T A E
L EARBGE R R R E, KA DA A
WA, Hoagr— S QAR YR A (177 1 78 B 37 i [
Mo HHAMIRET A [ € R GEAE AT AR, SRR A i 25
5 TAR K EZ BT DY TR T BeaE bl o 3 SR dme i B 3 AR
WRATEATIA R, 75 M WA s R AR
m, BT EFEAAE, B s MR g &l . K
SEAEA e mt b, J AR ) 5200 45 B 3 W e
Jis s JRCESRET R BRI IR, AR P [ E il 2%
ORI . Cheals i B K (01 2 rp & A A 5
BT AT NRET B, DR P I AR ET (A
TRELN . HTLL, AU HS 52 B 37 I o 30 (R T HRAT
S IR LA F A NI, DAHERR T AR B A 2
T g PER R
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e s N T RS R 3 o, A i R T R (v
e foe /0 O MO B R AT I 7, XA A [ 2 Jm L
Pty o BOTTRPH RSB b R T B TR
THRET Fom o SRR T VA [ 52 S5 4425 i I L PR 2, &5
FORIUAR [FIC S IR, WRET A AR AR T P o] &5
TR GRS E VEA S35 TR o IRETHLEIA R — 2 (15
DU, HEIRETRCE I AR ISR AR . AR A
TR ST 1 377 o AT 1 U AL % B R 3 i A (1
PR FLI E BRET, B PR R 10 T AR A e K AR
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AR 42 /0 (R MR ET [ 5 L A e A BRI 4 0 1 2 M T A
XA EUF I A Iy R e T R AR R
Sanders 25 PIF 9T 1A ARS8, A K AN AR L [ 24
ANBRET F8 L 7S FLANAR 64N 4T 3] 522 1) 45 A W2 5K, 1f
HERAMYT AL HMNERAEEEEER. E
Maraghy 252 SR [ B2 IRARBR, i 5 R AR A o
(TRRET B B S InPLFL L NI RS . 17 22 P9 [ FA 33T Wk
TR 0 R R A R K A . LA 2
K PR B £ P [ 52 2R 0 D1 O 348 o DA ¢ R A A 67
fir, XA R . ASEEREREPUFL. SAL. I\
Lo 4L 290 FUUSLIEE B AR, TN AR
SEITH P 0 A T R A MR L B B T e B A (1 T A R
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ARSI aE RER, £ SIS ER T, AR
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HEBEME (P < 0.05), CAHSDA. EAZFEHN
A= e Ag BEVEE (P < 0.05), FA 5D 8 F N
A= AT B MR X (P < 0.05), F4L5CH4. F415EA
Z )P AT 3 AR 7 S OE W R (P > 0.05).
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