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Abstract

The locking compression plates-distal femur(LCP-DF) are being widely used for surgical management of the extra-articular complex
fractures of the distal femur. They feature locking mechanism between the screws and the screw holes of the plate to provide stronger fixation
force with less number of screws than conventional compression bone plate. However, their biomechanical efficacies are not fully
understood, especially regarding the number of the screws inserted and their optimal configurations. In this study, we investigated effects of
various screw configurations in the shaft and the condylar regions of the femur in relation to structural stability of LCP-DF system. For this
purpose, a baseline 3-D finite element (FE) model of the femur was constructed from CT-scan images of a normal healthy male and was
validated. The extra-articular complex fracture of the distal femur was made with a 4-cm defect. Surgical reduction with LCP-DF and bone
screws were added laterally. To simulate various cases of post-op screw configurations, screws were inserted in the shaft (3~5 screws) and
the condylar (4~6 screws) regions. Particular attention was paid at the shaft region where screws were inserted either in clustered or
evenly-spaced fashion. Tied-contact conditions were assigned at the bone screws-plate whereas general contact condition was assumed at the
interfaces between LCP-DF and bone screws. Axial compressive load of 1,610N(2.3 BW) was applied on the femoral head to reflect joint
reaction force. An average of 5% increase in stiffness was found with increase in screw numbers (from 4 to 6) in the condylar region, as
compared to negligible increase (less than 1% at the shaft regardless of the number of screws inserted or its distribution, whether clustered
or evenly-spaced. At the condylar region, screw insertion at the holes near the fracture interface and posterior locations contributed greater
increase in stiffness (9~13%) than any other locations. Our results suggested that the screw insertion at the condylar region can be more
effective than at the shaft during surgical treatment of fracture of the distal femur with LCP-DF. In addition, screw insertion at the holes close
to the fracture interface should be accompanied to ensure better fracture healing,
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Effects of Screw Configuration on Biomechanical Stability during Extra—articular Complex Fracture Fixation of the Distal Femur

Treated with Locking Compression Plate
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Fig. 1. The procedures of FE modeling of an intact femur : (a) CT data of a
femur, (b) 3D surface data, (c) Modification of 3D geometry, (d)
Segmentation, and (e) Meshed FE femur model
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Fig. 4. Detailed morphologic dimension of the femur: (A) total length of the
femur, (B) diameter of the femoral head, (C) femoral neck width, (D)
femoral neck angle, (E) outer diameter of the midshaft, (F)
intercondylar length of the distal femur, and (G) inner diameter of the
midshaft,
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Fig. 5. 4-point bending test: (a) LCP-DF was positioned on the MTS
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LCP-DF observed.
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Fig, 7. Modeling of the extra-articular complex fracture with a 4 cm defect.
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Fig, 9. Post-op FE model of the femur after treated with LCP-DF
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Table 2, Boundary conditions of the Femur/LCP-DF surgical model.
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*CF : Clustered fixation SF : Spaced fixation
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Tahle 4. Screw configurations on the condylar region of the distal femur
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Fig. 12. The load-displacement curve of the 4-point bending test for the
LCP-DF.
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Fig. 14. Average structural stiffness in relation to the number of locking screws
on the condylar region.

15 A¥ glulel n|nE SEHLCP-DF Retea 22 HE.

Table 5. Validation of the FE model for the LCP-DF with experimental result.

6, HEIZ 7ol ARlE LA Zlpet nagof e v MR
Table 6, Structural stiffness in relation to the number of screws and fixation
techniques on the shaft region.

Sfruvcv:tw’dl stiffness

Average
(N/mm) {N/mm)
T1_'CH(@3, 4, 5) 1851
. 1841
T1_TSF(3, 6, 9) 1832
T2_'CF(3, 4, 5, 6) 1857
1855
12_TSK(3, 5, 7, 9) 1853
T3_'CF(3, 4, 5, 6, 7) 1870
1865
13_"SF(3, 5, 7, 9, 11) 1859

Ti(Type 1) : 3—screw insertion "CF : Clustered fixation
T2(Type 2) : 4—screw inserfion 'SF : Spaced fixation
T3(Type 3) : 5—screw insertion

= 3 728 AT 2 Aol & Holx] gl AR e] 4
7 A A-H(Type IH)E 370 4E B1(Type 1) 2o} <

0.7 % F7kshe 2945 B om 571 41 € 2 -HType M), 371
AHIE 74 H(Type 1)ghvlmd ) 722 2457t 13 % %
7He & A2 YESTH Table 6).

2] 3 UAbERe] 3~57) AR 371K] ZA${(Type 1, 10, 1) 7}
zZro tisted FE A (clustered fixation)® ¥4k 1%
(spaced fixation) ©. 2 Yo} 722 ZHAEE 26t 12
I} A 7HA] Type B5olA 5 o] 4t ny e} oha &
2 73k ol = sl ot Hul 1 % o 8he] Aol vk vEh) o
A& 28] A 2 o] A< Zte] & UERAA] e SktH Table
6). o] W TI1 CF@3, 4, 59 A% Type 114 #HZ ¥
(Clustered fixation) .2 3, 4, 5-holecll UAFE0] 4191 H 721 & 9]
Hlis=s

2) E & Y (condylar region of the femur)

HEE ATl =AY e WY A7 8298 58
T2 ZHEE BY A0 R o S Ich LCP-DFe| a ~ f WA}
% FA 67 ¥ AN EE Type [ S 71522 3] 17471 7|
MYEE Type I 927071 7l 4d =l Type 2] o2 714] 73
5 BT feed RYE 7L T AT 72 e

&1tk Type I & Type 1 2ok 2k 2 % 74819 3 Type MI+&

AXioI displacement(mm)

Bending stiffness(N/mm)

Location

FEA Experiment FEA Experiment Relative difference(%)
P1 2.45 613 9.36
2.68 561
P2 2.48 606 8.12
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Fig. 15. Structural stiffness according to the various screw configuration on the condylar region
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Effects of Screw Configuration on Biomechanical Stability during Extra—articular Complex Fracture Fixation of the Distal Femur

Treated with Locking Compression Plate
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