EREMAE $£33%5 $£2H 20184F4A
136 Journal of Medical Biomechanics, Vol. 33 No.2, Apr. 2018

X E 4S5 :1004-7220(2018)02-0136-06

52 [R T A0 4 7 Bl ZE X 8 R Ie B S BB &£ 90 71 = 52 0

Moo, IR, '’
(1. EFRRELHEME L, Rl B E R R M IR E A%, REGPANKZSI 0 SREBARE AL,
JL50 1001765 2. LA MR K E AW S B2 T2, Y% 50 AW 3E i E A L=, Jba 100191)

WE:-Br WRE 1 BEmm i s e S e AN B e SHEAMNRERUR . Ak BN E AR A
Pt 37 SE ALY = 4 R A PR ORI AR RS R ORI R IR AR 5 43 i ST v LG RN
FE ISERY AT RS BT sl S I R R R R A R I S TR 2 M B RN T (14,9 MPa) KT 52 [R5
V(BN 77 (6. 71 MPa) o MAEON BEAN 0N MR , 5 PO AT [ X A8 T A RS e M T ER UL Tl i e, A A T
HATRE. &8 My B vDs 8w o i A i E] A R F IR _L MBI A S B Oy Ak
KEER AN SO ICE; DAy B

FESZES: R318.01 XHEbRER: A

DOI; 10. 16156/j. 1004-7220. 2018. 02. 008

Biomechanical Study on Kirschner and Bandage Fixation for
Treatment of Hallux Valgus after Minimally Invasive Surgery
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Abstract; Objective To investigate the effect of Kirschner and bandage fixation on the hallux valgus (HV) after
distal osteotomy of the first metatarsus. Methods A comprehensive three-dimensional finite-element model of the
foot was established based on medical images of the foot of a patient with HV, including bones, sesamoid, carti-
lage, ligaments, soft tissues, and Achilles tendon. The models of Kirschner and bandage fixation were also es-
tablished to investigate the biomechanical behavior of the foot with HV during full weight-bearing standing. Results
The compressive stress (14.9 MPa) between the osteotomy fragment surfaces in bandage fixation was higher
than the peak stress of the Kirschner needle (6.71 MPa). The Kirschner fixation was better than the bandage fix-
ation from the dorsal, plantar, medial, and lateral foot. Therefore, it was more favorable for the stability of the
osteotomy. Conclusions The bandage fixation can reduce the healing time of osteotomy, providing an optimal
design for fixation methods after hallux valgus operations.
Key words: hallux valgus; Kirschner needle; bandage fixation; osteotomy fragments

Y5 HHA:2017-07-05; f&E B#J:2017-09-20

HETH B3 L1 (2016 YFB1101101 ,2016 YFB1101102) , [H 5 [ SA R4 2 4151 H (11572029,11702068 , 11120101001 ,11602063 )
WIEEE S, B0, 54 20T, E-mail: yubofan@ buaa. edu. cn

* JL[E A — R



M E, % RRIMEFEENMEAREBEIMNINEY HFE N
TAO Jing, et al. Biomechanical Study on Kirschner and Bandage Fixation for Treatment of
Hallux Valgus after Minimally Invasive Surgery 137

AN B — e UL R R, HR R R
2% ~33% " BA LN 129" L BRI
AN A S PR AT B S s A 1], 22500 A O
RSN BB IR A R S
FRER 1 B A 1) A R, OF R RS —ROA
L HEANE A (hallux valgus, HVA) K F 15° R Sy 4i
HNEIAGHRE" o AR AN I A R R A 2 BR B
Uife, B IEHE AT

AR RE B IRME S, 75 2 ok Y R TR 5 T
ARIFBEARIT o T ARIGIT BN K 52 H Al A S0
WrE" . EERTARI O K AR, HiEE
AR AR Bl BE SRR R R T
AR L B 48 S0 8 036 9T . Hidr, Bosch T
AL Giannini"*! ) 25 B 8R4 AR RIE G F AR
X3 TR T VR Kl R R R 4 GE LB AT . [T
P 2R F v DB [T, et QAR ) 32 22 5% FH 400
N E o AHA T ORIEBCE T R S, 8 S b AT
ERR R I HRE O AR R A & . A ST
it PRI L T R O S R A O
ETRISEIRAT I E R EE 22 5 . A S H ST
TV RECE T X P R ET S ORI H R R S [ 2
st ST PR SR A AR 2 R R
BROT Ty 3% Wi 17 FH 23 AN BB 5 oS, Ao
AT HANHE 1B A BROTRIAL, LEBOR R R
ARIGH VB 12 B0 22 55, 0 im RIA 7 i P4
s,

TR S BB TR 5 AN TR] [ A AR
FHRCR AR SCHENT T 4090 B 3 = 4 A PR TR A,
AL AT 1 bR g S e IR [ A
[#i] 7 X447 A8 ) S
1 A&

ET1AEFEDEMIIB RS (KE
62 kg, £ 163 cm) (45 /2 CT G BIARL, BR
SN Z A, %8 A AL R B LB RS
PR B BORE R SR IR CT X3 8 % T
b e ST AL AT A AR A CT W2 R HE
AR O A% DR RO B AL, B R
1 mm, B85 1 mm, 3t 660 3¢, K Mimics 10. 01
( Materialise /3 &] , FLAIET) #1 Geomagic 12. 0 ( Rain-
drop Geomagic A ), 3 E ) @ H % B G , 4= i

SRR = AR BR T AL O s s FEE
PRE RS Bl B (SR 3 ) (Bl (LS
Bo) bR (AR 14 B) OFFE (32 B, DR R
FEIRIRA (W 1) o B % 2 ) 3 i KR 3% 4%
% F Rapidfrom 2006 ( Inus Technology 7\ &), % [ )
TR, B AR AT BB AL E S
fiff ) PTG N7, i A A R R B LR B A
PRI L A BT | B SO | B
B I = AR A AT R R KA A
551 Bhd B 8kl MR IE 7E CATIA 4K 4 ( Dassault
Systemes 3w, i [H) g EE, IF 2% Bosch T ARHI
WICF AR, #5722 mm iy 5 [ [ e A5
AL PRI BB R R BB AL A 5 1 B A
o T AN Z— P Z L0 g 2R R, R M
B R R T M, sk ) 6 A B LT K 2
BN 7, 4 A A 3 A 155400900 5 T |9 A 0o
SR FH SRR 7 000 AN S 924 FH 0, R R 9T BE U
R71N)I N R YR i G N B N8 DVA R A
BB V0 S B e A AR R

p

v

E1 REiEEsRE
Fig.1 Model of foot bones

FR RGN HT PSR ) 5 5, DA B e 25 % F
FLARAL 5 1 B (487 F YRS Ac Ak ) (Hi B H
HFRAL (9045 PR GEER 43 ) (AREIE (87 F 4 SE i
#B) 43 AER sy, TR 1 B A A
FEAL R R R R 21,6 kPa, [ A2 H A 43 B R 5 A
11. 6 kPa, fBHARAL 1 R 38 4 42. 0 kPa, K FiRi+8
25 SN Ry 28 Ay o 22k 1) R A Y B 0 6 L B A
HBRAV o

AT TR T A R R L SUER B R AR AL A 1Y
)85 ) [E) P SR R R o B Y S AR RN
TARA LAY 5K 7.3 GPa F10.37%0 jg ki 2L i
VAR FIIAAS L2091 1. 15 MPa #10.49 ) iy
TATASE U0 A6 3 0 A 422 fl P 5 4 , 28 1 1) 7 A A A 7Y



EREMAE %$£33% F28 2018f£4HA
138 Journal of Medical Biomechanics, Vol. 33 No.2, Apr. 2018

Hh T A S R T LA, A TS
TR WA, Bk AR Ry 17 GPa, I A A 0.3,
FUL PR SR FH 2 42 B, ) Y i 1) 28 700 014 3 12 45 4, %
71 W A5 2 V1) A X3 30, AL 79 A5 I 8 o 4
BELJE 3 A o5 5 5 2 () A A Bt 4 Ak >, T 1A
TRIFARBL B C 2 (R B3 3K J1. R T R A
SR AR AR AT R4 R, W A A AL AT
PTTIRME . B AR AR N 18. 4 mm® A A
R T AL 58.6 mm™ ', A% i 4> 7 ABAQUS
6. 13(ABAQUS 2 7], 36 ) g i, 2R 4 4 i
PRI , PSR ST R/ NS N 2 ~ 3 mm, {0 LA 45
RO 240 A5 . A5 R 3 A BT 386 865, T A MK A
203 065( L 1),

F#1 BTRBAAREY

Tab.1 Element types and material properties

A1 L STve-1 E/MPa v
o] DU TR A 7300 0.30
gt ILNTIRES 10 0.40
e gn 2] Y T 1.15 0.49
A i 260 —
A FrEoT 350 —
B AT TR AN 17 000 0.30
A ST 187 500 0.33

FRESNBHOCTE BT R R AES 1 B, BRER 1 B
F AN, AT T) 1 4 o JBE 42 AR B0 0, 2 5
TE 2 ) ) P 4 R 80k 0. 6127 BB AL - A7 4 57
IF, AR 52 BURF o ARYE AR X Iz B i BEE, T4k
JI JHE - AR i 38 L) b 7, R/IN R AR Y 50%,
PRI 7 ok #b T e AFE F 7 (ground reaction force,
GRF) f 50% ') 7% 5 i Ia A 58 422 2 M sk ' 44
SR AT, KN R 0.6 (I 2) .

2 BEARTERKIREHEE
Fig.2 Finite element model of the foot and setting of the loading

boundary

2 #R

2.1 WIFtEER

WE 3 Jes , Bkt A e 20 0 25 1 = B RS
13 IR A B N IS R ) 40 A e R AR —E
SRR J1 M BT/ 75.3 N (24.5% GRF) ., i j&
50.5 N (16.5% GRF)., J5 /& 180.8 N (59.0%
GRF) , 53k 29 ] HPit 2 i B /2 51. 1 kPa(26. 4%
GRF) .} /£47. 6 kPa(13.6% GRF) 5 j£290. 1 kPa
(60.0% GRF) AHL, LA J= SR U4 {80 10 g 11 552 36 1T
IHERG IR 1.2.3 4.5 Bk R MES#E T
— A4k B, 25 SRR WY TSR R S 06 (E BE 8 AR 47

W16 o

MPa
+2.500E-01

Peak
0.204 MPa

(a) AR TTEE R

(b) RSscan Jllik 45 5%

B3 EBEREATN
Fig.3 Plantar pressure prediction (a) FE result, (b) RSscan

measurement

2.3 EEITEER

JEFRG ST AZ B, 55 1 B R 3G i 3T S 0 T
B B 2 AR AL, AR B8 BE A% 78 20 Ul I A
SERRE NGO o FEE | 3 v AR T 3 O I )
SO REAE 5, TH B AR AR A500T 22 8] B AH 67 %%
VLB TS5 AT 22 AL (LR 4) o

PN =G5 [B] A 32 150 I 48 1 v A 02 3, R
] Rl AR 25 (R B o AT St B T8 O X-Y T
BT R AR AR 2, X IE T ) O AR BREE R4 1 TN
AT . v AE TR M 4 [0,0,1.000 0],
Tz e ARG A T 3 AR A i A
FPTHE I i, G5 S , 5 CQAT [ T 3zt v B T
JT RS T 7 1] R [ 0..000 2, 0.000 3, 1.000 07, 40



M E, % RRIMEFEENMEAREBEIMNINEY HFE N
TAO Jing, et al. Biomechanical Study on Kirschner and Bandage Fixation for Treatment of
Hallux Valgus after Minimally Invasive Surgery 139

0.05
0.04
£ 003 I
£ I sipst
B
= 0.02
=
=001}
0.00 | . i_‘ 1 1 i—\ 1
-0.01%- P B A

T R X B B
4 HEEHENLE

Fig.4 Relative displacement of the osteotomy fragment
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ostetomy fragment (a) Kirschner fixation, (b) Bandage

fixation

W L2 7 I, AR S 18] A7 A S 2 ) = s 3, i
LR FhE A 55, v AT [ E i, HRE
SRS /IN 37 it A TR A LT A B,
B T ) OS54 LU RS . IRE I A A6 R, R
T 17 F158 /I (6. 71 MPa) | HAFAE Jey s 8 fih 4730 K
L SR T RE L B G AT 18 A 45 4 TR 32 FI A
P8 22 W) JRE 45 g L R A D AR R R Y T
o ) PP S 1, T R R TR A Ak R A
S, RIS F7 /N0 o s R BB v A 655 491 114 B '
FCAT 0138 i B4, Al fE 5 50 G 61 B 3 b 7R A
S0 R Bosch Al Giannini T AR IE 5 #34H H
53 S AR IS I T EC A [ S R A2 B A 15
BN 4 ~6 AMRE RS, B2 Ia%
GRIGR, X AT BE S A A1 B R R s (G SR T
[0 S S P TR )57 % 32 16 4 725 A0 K %) o [R5
B AEAERR Il (B IR 42 L ki, 0 e
BEESF | BB i o A — B A T R 1, Bk
TEX A E FIVE T R A S s R i ae sh ™ L 4R
I R AR5 [ 58 1 1 57 RS 7 0T b, B B
A R AR B M 98. 5%, KA (744
WETTI ] 7.5 4F) 6 5 96% Y, Hifu AL 77 R AE
Bosch AW A 221K, i, 16— 10 % v K4



EREYMHE %335 F2H 2018F4A
140 Journal of Medical Biomechanics, Vol. 33 No.2, Apr. 2018

JBi 7 e, WFTE R T 900 181 14 75 s UPR 8 IE
4k AL a

AR S [ 5 ORGP , v IR A B AR 4
MR EVERT (LI S) o SR o FQ A [ 5 i, — 20
o FBHR B R B RS AT, O ELX T 8 ) 2R B
WAREE 5 51 R JR R FEAR R 16 T 14T K
TR [ 2 W, 5401 B8 A0 v R B AR o
SR N [ 5 I, J8 o U 2 U 2 s g S s f0 3L
BPAT, JEIee R 2 AR SR H S il B g
Bt Ll F T shid 2, HAN i AR il 25 Ok 25 iy
(9 T R A P, DTG 582 B i 4 A o LAl [
SN AR S A L g5 IO 77 R A T A
LT AN MR LA SRR T 0 A A A R T4 e R
BBV INHIA] o 1 PR BB ) A 25 2R s, SRR AR A
/DT AR RN 1 8 A SE kAN R
AJEE WA B R AT (E N T B s A
=TS

Xt TSR I A A R A R, T
500 5 ) A8 i B P B T 2 Mk e, R A A 3 K
55 LB A BCHAR RS R AT I3, I HLAR MEZR A5 441 8
FEFREAS  BCR HTIE 50 1 BB R AU SR A1 B
JE AT 9 5 X S SR B R AR S
SET SERE RSN R AT BROCAR R, 7 B A5 L
T A IR, A R NS e L
NS eSS 2 IBI 3y o VIR S I T VA N E A
R AR Y 32 3R A, T/ e AR RE S R AT RE
SRR AL Bl XA SR o R A AE—
SE BT AR o 5 Tt/ B Jee Xof 8 T 1)
A T B ST UE S ™

4 Z5iE

ARSCHRAE CT PG Sr 5 B i 1R S0 B 2 A7 R
JURERY, I SR ST A B AR e FRBF ] 5 A2
iy [ R AR AU (] [ 0 X T 8 21 B AL 1 1
WAL T 00 o 38 i o A v ERE [ 5 A0 [ 2 X
55 1RSI A M) J1 25w R B, v QA REAR 4 A
TE AR S (R RS 2l (5 A [0 58 S A i ) PR
G WEFEAS A PR b Rk 8RS A [ R 16 4%
B PSS

Sk

[ 1] HEIZMANN V, CAPANNI F, ENGLEDER T, et al. Devel-

[10]

(1]

[12]

[13]

[14]

opment of an extraosseous nitinol implant for the hallux val-
gus treatment. Preliminary mechanical investigations, de-
sign and numerical simulation [ J]. Biomed Tech, 2012,
57(S1): 918-921.

MATZAROGLOU C, BOUGAS P, PANAGIOTOPOU-
LOSE, et al. Ninety-degree chevron osteotomy for correc-
tion of hallux valgus deformity. Clinical data and finite ele-
ment analysis [ J]. Open Orthop J, 2010, 4. 152-156.
FAVRE P, FARINE M, SNEDEKER JG, et al. Biome-
chanical consequences of first metatarsal osteotomy in
treating hallux valgus [ J]. Clin Biomech, 2010, 25(7):
721-727.

THOMAS S, BARRINGTON R. Hallux valgus. Osteoin-
ductive gel in cementless hip joint replacement: A random-
ized prospective study [J]. Curr Orthopaed, 2003, 17
(4): 299-307.

KATO T, WATANABE S. The etiology of hallux valgus in
Japan [J]. Clin Orthop Relat Res, 1981, 157 78-81.
EASLEY ME, TRNKA HJ. Current concepts review: Hal-
lux valgus. Part 1. Pathomechanics, clinical assessment,
and nonoperative management [ J]. Foot Ankle Int, 2007,
28(5) : 654-659.

MAFFULLI N, LONGO UG, MARINOZZI A, et al. Hallux
valgus. Effectiveness and safety of minimally invasive sur-
gery. A systematic review [ J]. Br Med Bull, 2011, 97
(1) 149-167.

EASLEY ME, TRNKE HJ. Current concepts review. Hal-
lux valgus. Part Il Operative treatment [ J]. Foot Ankle
Int, 2007, 28(6) . 748-758.

MARKOWSKI HP, BOSCH P, RANNICHER V. Surgical
technique and preliminary results of a percutaneous neck
osteotomy of the first metatarsal for hallux valgus [ J].
Foot, 1992, 2 (2): 93-98.

BOSCH P, WANKE S, LEGENSTEIN R. Hallux valgus
correction by the method of bosch: A new technique with a
seven-to-ten-year follow-up [J]. Foot Ankle Clin, 2000, 5
(3): 485-498.

SANDRO G, FRANCESCO C, ROBERTO B, et al. Hallux
valgus surgery: The minimally invasive bunion correction
(SERI) [J]. Tech Foot Ankle Surg, 2003, 2(1): 11-20.
SANDRO G, CESARE F, MATTEO N, et al. A minimally
invasive technique for surgical treatment of hallux valgus.
Simple, effective, rapid, inexpensive (SERI) [J]. Inter
Orthop, 2013, 37(9) . 1805-1813.

AR, REM, BT, & /N A TG ARG R
WHFE——HF 535 1(986 1) BFFE sty [J]. PEBIEIML A
&, 2002, 9(1) : 27-29.

TRANKA HJ, PARKS BG, IVANIC G, et al. Six first meta-
tarsal shaft osteotomies. Mechanical and immobilization



M E, % RRIMEFEENMEAREBEIMNINEY HFE N
TAO Jing, et al. Biomechanical Study on Kirschner and Bandage Fixation for Treatment of
Hallux Valgus after Minimally Invasive Surgery 141

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

comparisons [ J]. Clin Orthop Relat Res, 2000, 381:
256-265.

BOZKURT M, TIGARAN C, DALSTRA M, et al. Stability of
a cannulated screw versus a kirschner wire for the proximal
crescentic osteotomy of the first metatarsal; A biomechani-
cal study [J]. J Foot Ankle Surg, 2004, 43(3) . 138-143.
KHURI J, WERTHEIMER S, KRUEGER J, et al. Fixation
of the offset V osteotomy. Mechanical testing of 4 con-
structs [J]. J Foot Ankle Surg, 2003, 42(2) : 63-67.
JACOBSON K, GOUGH A, MENDICINO SS, et al. Me-
chanical comparison of fixation techniques for the offset V
osteotomy: A saw bone study [J]. J Foot Ankle Surg,
2003, 42(6) ; 339-343.

WANG Y, WONG DW, ZHANG M. Computational models
of the foot and ankle for pathomechanics and clinical appli-
cations: A review [J]. Ann Biomed Eng, 2016, 44 (1)
213-221.

XUF, JEIE, KA, . BT A BT BT RS WU
XA R [J ] ER A 112, 2016, 31(5) :
437-442.

LIV Y, ZHOU SY, ZHENG YJ, et al. Effects of gastrocne-
mius muscle force on foot biomechanics based on the finite
element analysis [ J]. J Med Biomech, 2016, 31 (5):
437-442.

GEFEN A, MEGIDO-RAVID M, ITZCHAK Y, et al. Bio-
mechanical analysis of the three-dimensional foot structure
during gait: A basic tool for clinical applications [ J]. J Bio-
mech Eng, 2000, 122(6) : 630-639.

QIAN ZH, REN L, DING Y, et al. A dynamic finite ele-
ment analysis of human foot complex in the sagittal plane
during level walking [ J]. PLoS One, 2013, 8 (11):
268-275.

BAYOD J, LOSA-IGLESIAS M, BECERRO DBR, et al.
Advantages and drawbacks of proximal interphalangeal
joint fusion versus flexor tendon transfer in the correction of
hammer and claw toe deformity. A finite-element study
[J]. J Biomech Eng, 2010, 132(5) : 0510021-0510027.
KIA C, YOSHIDA R, COTE M, et al. First metatarsopha-
langeal contact properties following proximal opening
wedge and scarf osteotomies for hallux valgus correction:
A biomechanical study [J]. Foot Ankle Int, 2017, 38(4) .

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

430-435.

GALUAN JC, LARREA MT, BRACERAS M, et al. In vitro
corrosion behavior of surgical 316LVM stainless steel modi-
fied by Siion implantation. An electrochemical impedance
spectroscopy study [ J]. J Alloy Compd, 2016, 676:
414-427.

JFRR, kit , BV, & IREE S SR ] )6 R
HIA BRI T[], BRI 1%, 2016, 30(4) : 506-509.
ZHOU JJ, ZHANG HT, LUO ZP, et al. Finite element
analysis on relationship between wearing high-heeled
shoes and stresses in intermetatarsal region of foot [J]. J
Med Biomech, 2016, 30(4) : 506-509.

ZHANG M, MAK A. In vivo skin frictional properties [ J].
Prosthet Orthot Int, 1999, 23(2) . 135-141.

CHEUNG JT, ZHANG M. A 3-dimensional finite element
model of the human foot and ankle for insole design [J].
Arch Phys Med Rehab, 2005, 86(2) : 353-358.

IR, B, Wi, 2. AN | B B R
MR RRE A RO [J]. e S 4
(TR, 2012, 7(5) : 22-25.

ISVILANONDA V, DENGLER E, IAQUINTO JM, et al. Fi-
nite element analysis of the foot. Model validation and
comparison between two common treatments of the clawed
hallux deformity [ J]. Clin Biomech, 2012, 27 (8):
837-844.

TRNKA HJ, KRENN S, SCHUH R. Minimally invasive hal-
lux valgus surgery: A critical review of the evidence [ J].
Int Orthop, 2013, 37(9) . 1731-1735.

RADWAN YA, MANSOUR AM. Percutaneous distal meta-
tarsal osteotomy versus distal chevron osteotomy for cor-
rection of mild-to-moderate hallux valgus deformity [ J].
Arch Orthop Trauma Surg, 2012, 132(11) : 1539-1546.
TONG CK, HO YF. Use of minimally invasive distal meta-
tarsal osteotomy for correction of hallux valgus [J]. J Or-
thop Trauma Rehabil, 2012, 16(1) : 16-21.

INIZR, AR, W, . SEIBUE IR ITIRA B m
PRy M [J]. heE R4, 2010, 30(11) ; 1133-1137.
BRILAKIS E, KASELOURIS E, XYPNITOS F,
Effects of foot posture on fifth metatarsal fracture healing:
A finite element study [J]. J Foot Ankle Surg, 2012, 51
(6): 720-727.

et al.



