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Biomechanical analysis of external locking plate in the treatment of type 42A3 fracture
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Abstract: Objective To establish a finite element model of external locking plate for the treatment of tibial transverse
fractures (AO-OTA: 42A3), and to analyze the stress distribution of the plate, screw and tibia in different fracture gaps,
thereby providing a preliminary theoretical basis for the therapeutic scheme. Methods The DICOM file of CT scanning data
of the left tibia in a healthy volunteer was obtained. Mimics 21.0 software, GeomagicStudio2014 software, SolidWorks
software, Hypermesh 14.0 software, MSC.Patran 2019 software and MSC. Nastran 2019 software were used to establish the
finite element models of type 42A3 fractures with different fracture gaps treated with external locking plate. The maximum
stress values and distributions of tibia, plate and screw were analyzed with finite element method. Results When the fracture
gaps was 0.2-2.0 mm,with the fracture gaps increasing, the maximum stress values of tibia, plate and screw were upward at
the end of force loading and during the loading. The bone plate had the maximum stress value, followed by screw and tibia.
The maximum stress of the locking plate was near the third, fourth, and fifth holes of the plate; the maximum stress value of
the screw occurred at the tail of the third screw; and the maximum stress value of the tibia appeared at the fracture section.
The maximum stress values of tibia, plate and screw during the loading were all greater than the maximum stress values at the
end of the loading. Conclusion When the fracture gap is less than 2.0 mm, the external locking plate for the treatment of type
42A3 fractures can achieve sufficient biomechanical strength, which makes it be an alternative therapeutic option.

Keywords: tibial fracture; finite element analysis; biomechanics; locking plate

[ %5 H #712023-01-26

(E&TE WS DA R4 (B2017108)

(MEHE RN )T 25, FF5 071 B AMEF# , B-mail: 373136099@qq.com
[EEMESE ] L5, BATLEI, W55 1 A5 5 R E-mail: 330243@hnucm.edu.cn



- 910 - H ] e

.

H40%5

——

IS

WF5E & I, R A0 3L R85 i T O AR E 1Y
KR O, 55 2 30A 3 B AR R0 R A 5 A RS il 2
25 MR R 1B BB A Y A 2, DA D PR A
[F] 5 B5OKS B LB BB BT R AR S TR
AW H T RS O BRR DA AR R , B
T FFEAREAIRYT M, g Pr iR @A A
B R R T AR PO BRI R RN 2
SEROCPAR A BRI AR E PTIR YT MR e . T
T2 B P S 7 25 2 s B 1 R AL 4, i Je 2 R TR
PEE AT, R T B i 2200 R AT AR S5 19
IFRAE KA AR e O O BB R TR
TH BB AT IR T R T BRI RES . BRI
BT EITUFARIBIT N 2, AR IERENET B2 S
[ 5 1 VAR AR MR T 1152 7 o pl oG O BT
BH PR A IR TR B e, A Ab
TR R PO BB A T, R ME LA B R YT .
T T [ M BT B A B BEET I 2EAE )
A, H— B R R Bl DU B N ET
[, R AT &6 R0, HAERE N AT AL
R S ECE AR A ST, RS RO AR
KRN IR 47%0 5 A 2 SR IR YT N MR T
HYTE IR 2, vl AR AR e e A BR R U
RSB E SRR, AR TR S B
T 21, FURS i 3HL 5 S8 8 R0 01 A [ e 42 A
A5 9 B3 107 5 [ 2 300 5 G o O 3L 0 S8 8 IR B
PR PTG o™ 5, AR SR ET P 1 T 180 I
B, HF i F RGBT 55 2 AR A3 555 1%
RIS 0 mA ARSI A EA X
Bt PR, 2 A 2l B AR A TR TR b
D ERGNE A IR TR R RE S T, R R 2
BT BRI RIT R H T 8UE AR SN BRI T
JHCTHE I B T B BT ) 2 R P T A S B AR, oA
SCHLH A R T 43 B A O TR G B E AN AR S EIR T
Pror B BRTE 2.0 mm LA A 42A3 BU-E- 4 i 17 A
T12E5HT, B NAR AT B IR YT 42A3 LT LB
WA .

1 #HFTTIE

1.1 %4

111 £ 56 2 #1764 HF 2 € CT #l (Siemens,
Germany) . Mimics 21.0 #X f4: (Materialise Company,
Belgium) . Geomagic Studio 2014 #X /4 (Raindrop
Company, America) . Solid Works % 4 (Dassault
Systemes, America) . Hypermesh 14.0 %X {4 (Altair

Company, America) . MSC. Patran 2019 #X {4 (NASA
Company, America) . MSC.Nastran 2019 % 4 (NASA
Company, America) . LCLPOS £ [ 422 fi 74 4 Ja i e 132
B MR R G- B A S 5.0 B e BT (R T B 7 4 B
AP

112 EEEAER 252 B B& 173 em, (A E
69.5 kg, FIEZS I, Jo/NRAI S F A9 s, % 5 1
155 R 45, i ik A IR UL S AR B B i X 2
HEBR I BT B AT bR e S xR B R
B KIET CTH%, 3815 DICOM #5200 52 15 548
FHZIEN 0.625 mm,

1.1.3 BEERMEEREEHEE HHARKEETS
BN ) A2 77 KB 4 AR LCLPOS A7 FR 422 fil ) 4>
BIE B IR R GE- AR BBUE IR (8 L), I T RS AL &
J¥ 4.5 mm, SEJE 14.0 mm, fLFH 16.0 mm, Bc FHERET N
5.080EFT(F1),

E1 SEEERER
Figure 1 Locking plate model
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Figure 2 Finite element model of external locking plate

in the treatment of type 42A3 fractures
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Table 1 Material parameters of external tibial fixation
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Figure 3 Positions of the maximum stress values of the locking plate during the loading in different fracture gaps
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Table 2 Positions of maximum stress values of the locking

plate during the loading
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Figure 4 Positions of the maximum stress values of the locking plate at the end of loading in different fracture gaps
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Figure 5 Positions of the maximum stress values of the screw during the loading
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Figure 6 Positions of the maximum stress values of the screw at the end of loading
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Figure 7 Positions of the maximum stress values of the tibia during the loading
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Figure 8 Positions of the maximum stress values of the tibia at the end of the loading
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Figure 9 Maximum mises stress values of all the parts at the

end and during loading in different fracture gaps
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