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A Comparison of Bicortical and Intramedullary Screw Fixations in Jones’ Fractures
Using Finite Element Analysis - Preliminary Report -
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Intramedullary screw fixation and bicortical screw fixation are widely used operation methods in the surgical treatment
of Jones fractures. The purpose of this study is to evaluate of mechnical stability in two kind of Jones fracture. Using
Mimics, three-dimensional models of the fifth metatarsal were reconstructed form computed tomography images of
a 23-year-old Korean healthy male. Normal and osteoporotic bone models were made by changing bone density
or thickness of cortical and cancellous bone. Two kinds of fixation techniques, i.e., intramedullary and bicortical screw
fixation models, were simulated and muscles forces related to the fifth metatarsal base were applied. Maximum
contact pressure difference were measured as 20,818 MPa, 12,155 MPa in normal bone, 23,371 MPa, 13,765 MPa
in 85% cancellous osteoporotic bone, 24,310 MPa and 14,264 MPa in 75% cancellos osteoporotic model, 21,337
MPa, 20,971 MPa in —0.5 mm cortical osteoporotic bone, 26,322 MPa and 36,153 MPa in —1 mm cortical
osteoporotic model, respectively for intramedullary screw fixation and bicortical screw fixation. Displacements on
fracture interface were 0.208 mm, 0.126 mm in normal bone while 0.229 mm, 0.127 mm in 85% cancellos osteoporotic
model, 0.241 mm, 0.127 mm in 75% cancellos osteoporotic model, 0.223 mm, 0.271 mm in —0.5 mm cortical
osteoporotic model, 0.292 mm, 0.480 mm in —1 mm cortical osteoporotic model, respectively for intramedullary screw
fixation and bicortical screw fixation. Bicortical screw fixation is superior in mechanical stability than intramedullary
screw fixation for normal bone quality Jones fractures. For cortical osteoporotic bone Jones fractures, however,
intramedullary screw fixation can give a better mechanical stability than bicortical screw fixation.

Keywords: Metatarsal bones, Fracture fixation, Finite element analysis

Received: January 6, 2014  Revised: June 4, 2014  Accepted: June 9, 2014

Correspondence: Jun Young Lee

Department of Orthopaedic Surgery, Chosun University Hospital, Chosun University College of Medicine, 365 Pilmun-daero, Dong-gu,
Gwangju 501-717, Korea

Tel: +82-62-220-3147, Fax: +82-62-226-3379, E-mail: leejy88@chosun.ac.kr

Copyright ©2014 The Korean Society of Sports Medicine

©@ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

HI323 H2¥ 2014 | 79



YS Lee, et al. Finite Element Analysis in Jones’ Fracture

M B

1902 Jones'7} A5 FE2F 29R ZHo| jaf Ru
o] % Jones ZHo] 3 A ARt A2 HSE L A=
H o] the) Baskgch Clapper 572 Jones 24 Ao A
HEH RS SHFH o2 APt 58 APE B
Hh Pietropaoli 57 A S o] &8 WA 93t ATLS E3)
BER 22 YRGS £44 A2 Yol YA Akt o
ZHolA APt $4atta B ek Jones ZHE 27
9 7] 23 Aejol A AR YA T2 U A] 9= A
Aeo] Zl A HA WASHA H1, AXZ BEO LEAS
NAX BA BT} Erh. BEo| Lo AlFo| AL $EA
Z7h ofd Qukel e Thhx] A BEE TAsle] 6-837] H]A
F03} s 2R AAS 94 T@dks Ao| Jones ZHY]
Qubd ol 7| Zolth. MG 5 27] ]Ho] WAt HLoA
L 583 A7t AYE7| % st 2 o ss 3570
WIDA4ET F2 AT AL HEHOE A
Ttk 7 44 Y BT 22 27E 2asin 9oy’
TEE JAHA ZAJo] o)t Aol A T Husain
3} Defronzo’7} B} AHAFLS F3E T 717] $& FHo]
3 ATE UL FZ TUEE YA 954S RS
AT mEmel AHAHE els] FAg 2Aste] Aol
AHE 4 Pt o] gk ofe] B AT G35 24 F49]
o2 AsEEEo) A Aot SARE 24 AAstn
Jones 80| tfa] B4 LA RAET 4E 3 AF YA
A&S APt AL B4, T 71K sauH 9 7144
obg Aol giate] vlm BA S Bt ol Stk A
2 2dg st BU3E 2 A E 7 549
71A1A b Ao QM= v I BAJsE ofo] T3t AS
e 23 st} Fhek

HT Wy

1. A7 o

10 o ireoit o] o] B Wo] ld 23.54]
& S gt R 9T AT AFE 175 em, 69 ke
0] body mass indexi= 22.53 kglom’ 0.2 A S]] <5100
o]Fol 12 XA §4:712 4 (dual-energy X-ray absorptiometry) 2.

2 2A% 938 ZTUEE T-score -039]90t}. & S

80 | CHOFA ZXO[S}Y|R]

AFE AASIESEY ot | mmY] ©F M0 2 dofzl
g A EE Mimics V15 (Materialise, Leuven, Belgium)E

Joz
olgstol an 2A% B 259 FFe AT 29 YA
olul g Azt

2. LA DE 2E

Mimics®] X U-Z9] 7]Z2l housefield unit2 662-1,988 =
AAstel AseEE9 HEAETL U BAE Urol 2
Y3}t H L Jones A 292 Rapidform (INUS Technology
Inc., Seoul, Korea) o]-83}to] A 7|2 HE 15 cm Y+
A Ad-555E YSFAA Azt WS B2 52 st
of A Were) 7Hte) TEUS ZEg Asgr. 1o
ARESE A= 4.0 mm 53 LrAKSynthes Inc., Paoli, PA, USA)
2 Agagen], A 2ol 45 mm, LA Z0)E 14 mm
Stk A AR S 24700 RS AS ASES
2] A4E7) SHALEEE 10 mm A AR |22
paue w2 gz 39 8] this Xo2 Hasch
LARS] AHQ] ek EA o B 7] Aol distod
79 £A FHEe WHFOR AYstgon, it 34 29
£ 89 THsHA A E7152Y 1A 0|99 gEE
2 B S Sl 45 Y TS 45
A A AR S oot 22 RakR Aoz
Ro9T 92 WABAA Aztetel FAUE FANL U
AR LA 2917t BR8] BHHES SelrkFig ).

Fig. 1. Bicortical screw fixation (A), Intramedullary screw
fixation (B) model. Rectangular grid is fracture plane.
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Fig. 2. Boundary condition. Interface between cortical and
cancellous bone is bonded. Bonded: no movement, com-
plete union state, Fracture site: interface between screw
and bone are no separation, No separation: movement can
occur but contact is maintained, Fixed support: fifth meta—
tarsophalangeal joint is fixed state.
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Table 1. Magnitudes of the muscle forces related to the fifth metatarsal base

Category Peroneus brevis Peroneus tertius  Dorsal interosseous  Plantar interosseous Flexor digiti minimi brevis
PSCA (cm?) 11.50 3.10 2.72 1.38 2.00
Force (N) 287.5 77.5 68.0 34.5 50.0

PSCA: physiologic cross—sectional area.

A force generating capacity of 25 N/cm? was multiplied by PCSA to obtain the muscle forces.
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Fig. 3. Contact pressure on fracture plane. Contact pressure distribution is displayed by gradation scale. (A) is displayed
by similar color. But, (B) is displayed by various color (sharp contrast). In other words, (A) is more evenly distributed contact
pressure and (B) is too concentrated or too little contact pressure. It means mechanical stable or unstable, respectively.

Table 2. Contact pressure and displacement on fracture plane

Normal Cortical osteoporotic bone  Cancellous osteoporotic bone
Category
bone ~0.5 mm 1 mm 85% 75%
Maximum contact pressure difference (MPa)
Intramedullary 20818 21337 26322 23371 24310
Bicortical 12155 20971 36153 13765 14264
p-value <0.001 0.172 <0.001 <0.001 <0.001
Displacement (mm)
Intramedullary 0.208 0.223 0.292 0.229 0.241
Bicortical 0.126 0.271 0.480 0.127 0.127
p-value <0.001 0.001 <0.001 <0.001 <0.001

Data were analyzed by paired t-test.

p-values are presented by comparison of measurements between Intramedullary and bicortical fixation at five bone

conditions.
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