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Application of three-dimensional printing technology to design individual angle section on Chevron of hallux valgus
osteotomy ZHANG Yu-hang™ ,BI Da-wei,CHEN Yi-min,ZU Gang,and MA Hai-tao. *The Second Department of Orthope-
dics ,the First People s Hospital of Xiaoshan District ,Hangzhou 311200, Zhejiang , China

ABSTRACT Objective:To explore clinical application of three-dimensional printing technology to design individual angle
section on Chevron of hallux valgus osteotomy. Methods : From May 2013 to May 2016,47 patients (66 feet) with mild to mod-
erate hallux valgus treated by Chevron osteotomy according to different preoperative design were divided into computer os-
teotomy group (group A) and traditional osteotomy group (group B). In group A, there were 25 patients (33 feet) ,including 4
males (5 feet) and 21 females (28 feet) with an average age of (47.88+6.08) years old , average weight IMA was (13.58+1.15)
degree, AOFAS score was 59.00+ 5.86,and treated individual 3D printing technology to design operation scheme. While in
group B, there were 22 patients (33 feet) ,including 3 males (3 feet) and 19 females (28 feet) with an average age of (48.16+
6.16) years old, average weight IMA was (13.51x1.14) degree , AOFAS score was 60.67+5.85 ,and treated with osteotomy ac-
cording to surgical experience. Operation time,blood loss, hospital stays, VAS score at 1 week after operation, wound healing
and improvement of postoperative weight-bearing intermetatarsal angle (IMA) were compared between two groups, AOFAS
score system was used to evaluate ankle function after surgery. Results : There was no significant difference in following-up be-
tween group A 12.41+2.32 and group B 11.73+2.76. There was 1 patient in group B were excluded. Others perform good
wounds healing on the first stage after operation. There were no significant differences in operation time,blood loss , hospital
stays and VAS score at 1 week after operation (P<0.05) ; IMA in group A was (5.21+0.88) °, (6.42+0.85)° in group B, and
had significant differences between two groups (1=5.68,P<0.05). There was obvious meaning in AOFAS score between group
A 88.15+5.19 and group B 82.90+5.01 (1=4.14,P<0.05). Fourteen feet in group A obtained excellent results and 19 feet good ,
while 5 feet in group B obtained excellent results and 27 feet good. Conclusion: Compared with traditional osteotomy group,

three-dimensional printing technology to design individual angle section on Chevron of hallux valgus osteotomy could better
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correct IMA ;improve postoperative foot function,and it is a kind of individualized and digital method to design operation.
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Tab.1 Comparison of clinical data between two groups with hallux valgus

P A CHT IMA R AT AOFAS 314
415 % 2 7 L) ’ (xii) Tﬁi) MJ@;;)‘H
A4 25 33 5 28 47.88+6.08 13.58+1.15 59.00+5.86
B 21 22 33 3 30 48.16+6.16 13.51«1.14 60.67+£5.85
LoE RN - - ,\/2=0.57 t=0.12 t=0.26 t=1.16
Py - - >0.05 >0.05 >0.05 >0.05




W 2018 4F 3 HES 31 %255 3 1 China J Orthop Trauma, Mar.2018,Vol.31,No.3 +205 -

RAE)ATED  ATEN Y AR & 242 bR B0y e W 2R AT
VIEUIE] L AR BT BN AL S R i w] B 7R AT
EPRE RS PSR A B, R R S 5 B BT 22 01
FEHATARE ETARERTSE FAT S
ik g R B T ik B 1 BRSO N — AT )
F1, Y0 B DA 59 Bk i R S ) I 0 K 29 3 em, Y]
TF B IR 4 23 o 75 5675 2 THT 1) Y o Y 125 R , 5 0009 2
ZE0E KT N 1/3, B 3 R 2 A UL B
TE5E 1 Ba i NI 1/3 PAT VIO 5G4, Feih &
PR AT V0 1wy A, {53 5C 755 A 194 e v 0 B 00 O B L T B
LB 57 S, DB B Sk P00 58 008 - % R O O 19 28
DEE Ak, BRUIRE, B2 1 BBy 5
A G i LS A8 B 22 S A AL B R R R
WV IEEE o B RS, A A A S A
TET T 9, AR 12 iy o K o) SO % 2l 2 B RS, A A
SRAT T A TCURE -4 A Bk B T ARG 6 2 o B
G 3l B OCTTIE AL o O R R L, T o
IRET SR ET [ 7€ o I 20 1E IMA #f BEAF 5 DL
INF R BRI R [l i TAREESE AR H
BORE R REA 54 1E DMAA £ i, 07 3T 35 ik
B Akin TR AREE Wik, LUE 25K ) B JREE5
1.3.2 fhopiimal BETARB R EL =4k CT
FAEMIAE X 28 AR & 2%, FAR 5 ikle] A 41,
{HIE 3D T EPRCALE AR AR Th S5 R 4
1.4 UWEIH 575

TARHG 5 AR BT 40 L RS TR IR X 2R,
e R IMA, SR AL 58 #5248 3F 43 ) (visual ana-
logue scale, VAS) X} 9 41 8 25 A0 50 I 0 3617 EL 38
IR 26 [ 2 2R AP B P 2 48 B Bk O 1 I O R 48
(American Orthopedic Foot and Ankle Society,AO-
FAS) "% LTy e AT VM, A 5 9K 90 (40 43 ), Ky
HRE(50 7)) , HZ (10 73) il 3 100, Her 90~100 73
NG, 75~89 73 B s 50~74 43y <50 43k 22
L5 SGEiteehbm

K SPSS 15.0 GEit B Rt AT o0 b, B A7 2 1 5%
BRI BARE 2 (xes ) JE U o WAL & m9 M)
A JE A R AIE S TGO L BCR T X RS TR
i IMA 2 AOFAS P¥3 AR ¢ K55 . A P<0.05

MERA G E L
2 g#R
2.1 BN O LR

BRI 1 8, 3k 46 4] 5 3K 15
B, o A 41 25 B BaE T E]  6~16(12.41+2.32)
AHGB ARG 1 HI(L )R UTHERR , Fx 20 4 5
Bf )R 5~16(11.73£2.76) 4 H , R4 HL 5 22 5+ B 40
2R S (P>0.05) o P2 F AR B[R] A A 2k o & A
Bemta) . ARJE 1 JREIR ISR 2ZER LRI E
X (P>0.05), W% 2,

2.2 ARJ5 HVA Hb#%

AW EWAH B FERFERE N IEM X LA 1
IMA,A 2} (5.21+0.88)°,B 41 Jy (6.42+0.85)°, i 41
b 22 A BT 2 F 75 L (¢=5.64,1=5.68,P<0.05) ,
2.3 ARJ5 AOFAS H %5

AJG A 41 AOFAS #F53k 88.15+5.19, HA{f
14 72,1 19 2 ;B 414 82.90+5.01, 18 5 &, B 27 JE.
P L 25 S5 A it 2 2 L (P<0.05) . I3 3., sl
g 191 UL I 1.

3 itig
3.1 3D FTEI## B Chevron -8 ;34

FRAE (4R SN E T AR AE 2 1E IMA [ [R] B, Wk A2 B
I 5T 1) SE B TH BRI R A4 RE a2 sh D BE o im i Ak
MFAREREA Y, WA 1L B 5 IE 809 IE A
SRR B AR R A A R R RS K
i o FRESN B9 P S b S R s — L R b B A A
ARHIFES, L5510 Chevron FAR | B AR 7E 8 b 43
SNEI BB IT R T R A I R Ak, (R
HIACR T X G PEA 1 L A SOHR 4l 2 8% 00 Bh i3k
PR 2 7 A, A I AR S 1836 1 7 e LR i 174 22
I R AR R 2R, AT 30— R A I RRE 1 R A

BEE TR AR B AW AR, IR b — 25
R IE g 1) s 058 FH 3+ S LA B it Kot S pL A B
il 38 R TR T 7 28, AR AR 2 R, I A
Ak RS HEAL IR T FE IR R TP IO T — 2 I s
R AE — 26 3D FTEI A SE A E o8 o il vp, FTEp A
Y (RORG B BOE SR T ML 58 4 — 3, =R
T AT 3D BB AR A ERCR S . A e

®2 WABNMNIEERE—MRBERILE (vx)

Tab.2 Comparison of postoperative clinical data between two groups with hallux valgus (x=+s)

ikl %% ¥4 B 75 0 1) CH ) FAMA] (min) A i (ml) fEBEMFE] (d)  ARJE 1 JE VAS 5 (4r)
A 4 25 33 12.41+2.32 43.55+4.31 11.73+2.57 6.60+1.32 27.37+3.12

B4 21 32 11.73+2.76 45.24+4.26 12.13+2.42 6.83x1.47 26.93+3.37

10 - - 0.87 1.21 0.93 0.45 0.72

PA{a - - >0.05 >0.05 >0.05 >0.05 >0.05
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Tab.3 Comparison of postoperative AOFAS score between two groups with hallux valgus (x+s,score)

415 % e L35 SR Tk 5%
A4 25 33 35.43+2.71 44.39+3.10 8.33x1.12 88.15+5.19
B 4] 21 32 33.13+2.89 42.35+3.46 7.42+1.38 82.90+5.01
K 45 (. - - 1=3.36 1=2.43 1=3.21 =4.14
P{i§ - - <0.05 <0.05 <0.05 <0.05
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Fig.1 A 38-year-old female patient with left mild hallux valgus 1a. Preoperative appearance of foot showed left hallux valgus,and the first metatar-
sophalangeal joint appeared red and swelling  1b. Preoperative AP X-ray showed deformity of left hallux valgus 1c. Simulated bone osteotomy under
Mimics software  1d. Osteotomy model printed by three-dimensional technology 1e. Postoperative X-ray on weight loading at 1 week showed left hallux
valgus treated after Chevron and Akin osteotomy, fixed with screw and straddle nail , the included angle between the first and the second was 6.4°  1f. Ap-
pearance of foot on the day of surgery showed the first phalanx was corrected  1g. Postoperative AP X-ray at 12 months showed osteotomy of the fracture

healed well after Chevron and Akin osteotomy
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