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Abstract

BACKGROUND: The displacement change parameters of the bone structure of the first metatarsal bone at the two-dimensional level of hallux valgus deformity
are of great significance for clinical diagnosis and treatment, while the quantitative analysis of the three-dimensional deformity index may have some influences
on the postoperative efficacy.
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OBIJECTIVE: To explore the quantitative change of the three-dimensional deformity index of the first metatarsal bone after routine osteotomy and orthosis for
hallux valgus deformity and to provide reference for clinical work.

METHODS: 100 patients with hallux valgus deformity (foot) in Hengshui People’s Hospital from October 2020 to April 2023 were selected and all of them
underwent conventional osteotomy and orthosis. Foot function was assessed by the American Orthopedic Foot and Ankle Society Ankle-Hindfoot Scale 6
months after surgery. Anterolateral X-rays of the foot in weight-bearing position and CT images in simulated weight-bearing position were taken before surgery
and 6 months after surgery. The three-dimensional deformity indexes of the first metatarsal bone before and after surgery were quantitatively analyzed in
patients with different ages, genders and therapeutic effects, including first-second intermetatarsal angle, hallux valgus angle, distal metatarsal articular angle,
tibial sesamaid position, and first metatarsal rotation a angle. The value of the difference of three-dimensional deformity indexes of the first metatarsal bone

before and after operation in evaluating the curative effect was analyzed.

RESULTS AND CONCLUSION: (1) Six months after operation, the American Orthopedic Foot and Ankle Society score was 75-98 (88.25+4.14) points, among
which 56 cases were excellent, 28 cases were good, 14 cases were average, and 2 cases were poor. The excellent and good rate was 84% (84/100). (2)
Compared with the preoperative results, first-second intermetatarsal angle, hallux valgus angle, distal metatarsal articular angle, tibial sesamaid position,
and first metatarsal rotation a angle were significantly improved in patients of different ages and genders 6 months after surgery (P < 0.05). First-second
intermetatarsal angle, hallux valgus angle, distal metatarsal articular angle, tibial sesamaid position, and first metatarsal rotation a angle were all lower in
patients with good curative effect 6 months after surgery than those with poor curative effect, and the difference before and after surgery was greater than
those with poor curative effect (P < 0.05). (3) The area under the curve of the difference evaluation of the first metatarsal three-dimensional deformity index
before and after surgery was above 0.7, and the area under the curve of the combined evaluation of all indexes was the largest (0.902), which was significantly
greater than the first metatarsal rotation a angle and distal metatarsal articular angle (P < 0.05). (4) The quantitative analysis of the three-dimensional
deformity index of the first metatarsal in patients with hallux valgus deformity is related to the postoperative effect, which has important guiding significance
for improving the accuracy and comprehensiveness of preoperative evaluation and improving the treatment plan.

Key words: osteotomy and orthosis; hallux valgus deformity; American Orthopedic Foot and Ankle Society score; first-second intermetatarsal angle; hallux

valgus angle
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Table 1 | Materialological characteristics of the implants

Eizti G A OB WRAT

TR KRR AR A

itk €SQ03-DH

ik [i8) 243 Wl A 7= ] 20091047

PERELEM) RIS GB/T13810 MUE [ TCA A A &b RHiliE, R4 HE G
AN A% S A b 3

it TCA £k & SR

& AL 32 FH - DO B R AS RO 4T P o

EVRE A, we

FERRPRER G SR BUR BT ETEAN Y, EREERES .

ARRM ANEE TG WS 0 E S R
THNYAEAE AP NESURE R F 5 EADRE). Sl
Wi, SFERJEE A ESE R &A%

14 xF% %FF 2020 4F 10 H % 2023 4F 4 H K i NREE R
WO RSN R T 5 100 451 (/2 ), 55 24 9, 76 5l A
W 46-72 %, V14 (58.3745.92) ¥ JEARALE: /5N 46 4,
i 54 s B 2-11 4, T35 (7.3421.69) A5 HRE [ 2R 1-2
B Al (intermetatarsal angle, IMA)9°-12°]57 ], HJF (IMA >
12°) 4341 o b I FEAEAS 4 /K T N B e 46 P 23 53 2= it (it
#E'5: 202010076), HEMFKBETFRE, & OM/R¥EE
HE) BER.

ANKRIE: OW2 NN, SRS, AR A (hallux
valgus angle, HVA) > 15°, & 1EA7 X 828 A 574 IMA > 10°;
O AMIm AR, AEEASE S BER Y, 5 T I
OATEE A @M IMEER, FRIIEZEIEYR: ®X
BRBECT R FEREVERRN

HEBRARME: OJe R E BT Y @A HE I G
OFFERTFARE., GG @FMEGE. Kk G2
WA oG 28 (RKGRIE. T XME ) @R =R B A bR EDL
AN OB RN RAETT RN =5 s, ©FEN . ML
TKIIRE . OFFEANE SRR A A BRI AL
BEPRIF AL s D RS B 7% 26 SR R IR A 7T @ 1748 O B

Chinese Journal of Tissue Engineering Research | Vol 28 | No.33 | November 2024 | 5303



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

I BSURE H 7
1.5 #Hik
1.5.1 BEHIEAR HEE N, 17 Scarf #Eg A, 7E5—ih
BEOCTT ]I O, DI OAT NN IR, L7 TR ORTTEE,
THARVENM 1 mm AL B V)G, ARSI R - ¥
Iy B ECTT AMIN DG FE S ARSI E R R B, IR OCTTRE,
TR FEE M E.. K., SMETT I RAMEIRRESE: 5 —
PR TR EM 27 TRRE, R ECE T R KT A
20°, JKPRUE ERE P 2 L) 60°, K az i 1] A1 e -
M AMERS, I8 IMA BALE G E, K 2 A CSQ03-DH T 4
J& 2= O E R ET [ ( KT RHE IR AR AR ). AT
DUAESE R KA o e 1kafin, SRV . AR5 Jo s Borbin &
AL, WA 3dPLRIEES), AEFE (R ) Fe =P,
1.5.2 BN ARG ARJG 6 AN H w5 U FHE
P 7 E AR IR X S 2 S B AL CT Fro XSt
Lhkitr, RAUEENA, RABTFEH X SLEEY R
4 (% B GE A F], A5 Plus656) AT 1%, 1 E CT 4
i % H PedCAT J& B 3 35 37 471 ¥ CT 39 ## #l. (CurveBeam,
Hatfield PA, USA), XU&-FA47, Jlkautisz, HWATT7, KH
120 kVp, Sharp #=0f4, HHZE 0.4 mm. K CubeVue
(CurveBeam, HatfieldPA, USA) fix A 3.2.1.0 7 ¥ £ ¥, 7E
CubeVue ¥ rf [ H1 IR HE XYZ AR bl AT = 4 Fd, WL
TR B 2 A B R R R IT 4 5, B
FETg—EbriE, 20 RgER, BEARNS Ege
JPig e g . TRIEA A E IMAL HVA, IMA RIS 1, 2
PHE A LR A, HVA BIREALI v kB 5 28 1 BheE
JERLRIIE A, R FH BB R O R Sk R O 2R 1 7 5K
T SR T 2, 7 P B S 0 BT 3 1 om Kb EU 0 A5
SR FIN RS — A e o M SRS 1 MR v O T
AMUL R RS, (FZER B RS, 1A ik
5% 34 1) I Mt v o 15 1 [# £ (distal metatarsal articular
angle, DMAA), & Coughlin F1 Mann FT A48 77 v 00 & O,
K ARATHA B (Smith 725 ) 3 i R A7 # (tibial sesamoid
position, TSP), AHXTEE 1 Bfi-E e G IR AT &, W H A
RPN 0-3E: 0, 1, 2, 3EGHFRIEFME. IME<
50%. A% >50% Rogaifn. 584 ihs T g B,
1.6 T ZIEIR4T

(1) it FARIT R TARE 6 AN AR EE TS
2> (American Orthopedic Foot and Ankle Society, AOFAS) &k
VR VRAE B AL R ThAE T, IS ThAE (45 40 ). K (40
g3 )~ J1%% (15 43 )3 AN U5, i 43 100 43, AOFAS ¥ 43 90—
100 43 75-89 43\ 50-74 4. <50 7343 AR AR Ry AL %

(2) BT ASEAE RS . AN [E V) 2 T ORAT S 58 —Bh
B = BB E bR, 35 IMA. HVA. DMAA, TSP J 45—
PHE TS o f .

(3) BT AN EIT BUEE FARATGE 5 —hE =421
W TEAE A o

5304 | DEHERTIEHR | 5528% | 5338 | 2024F 118

(4) 73 M 28— B B =4 R 1 WA s TR AT R ZAE X7
RIPEAE A E
1.7 %t a4t KA SPSS 23.0 X AT /04T, THE TR
DA xts 2o, ZaHBAT thase; THEBTRIEL n/% Row, 2
SELREAT X7 KB SR ROC 2 20 #7565 — B = 4k )% 1Hi
FEARAR T AR R Z BT R, KK a=0.05. L&
it Ik ki NREREMSTH 2B R FH .

2 258 Results

2.1 ALEHEHBNH GIN 100 1 ( 2 ) IBANIIST B, 1y
BENGE R, TVEIE L.

22 KEAaaR WE 1.

YN AR S K 100 ] & & F R ¥ 100 1 R & 4
¥ i 100 4] | JEIRTT . | IR 5E i, AR BE e ENEE R,
(/2). i 8-12 4. TeWET% o

1 | iREE SRR
Figure 1 | Flow chart of the trial
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Figure 2 | Anteroposterior
and lateral X-ray films of a

typical case and simulated

weight-bearing position CT
films
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Quantitative analysis of deformity indicators at the three-

dimensional level of the first metatarsal before and after surgery in

patients of different ages
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Table 4 | Quantitative analysis of deformity indicators at the three-
dimensional level of the first metatarsal before and after surgery in
patients with different outcomes

fabr <60 % (n=46) =60% (n=54) t{H P{i HIF st JTRR I (n=84) TR R (n=16) t1i PE
KT IMA(°)
IMA(°) 12.3742.63  12.46+2.65  0.170 0.866 12.42+2.63 Nl 12.37+2.64 12.68+2.69 0.429  0.669
HVA(°) 33.0447.12  33.73+6.98  0.488 0.627 33.41£7.02 ARG 6 MH 4.35+1.32 10.41+2.07 15.217 <0.001
DMAA(°) 18.28+2.14  18.67+2.13  0.911 0.365 18.49+2.12 ZH 8.02+2.14 2.27+0.65 10.615 <0.001
TSP 1.7940.59 1.94%0.65 1.200 0.233 1.87+0.65 HVA(°)
— B R a f (7)) 23.41#6.44  23.2846.52  0.100 0.921 23.34+6.42 Nl 33.4247.32 33.3647.28 0.030 0.976
KRG 6 MH AR5 6 MH 9.28+1.59 20.4142.03 24.508 <0.001
IMA(°) 5.30+1.35 5.34+1.40 0.145 0.885 5.32+1.37 ZH 24.14+4.25 12.95+2.03 10.279 <0.001
HVA(°) 11.10+¢2.01  11.03+1.98  0.175 0.862 11.06+1.98 DMAA(°)
DMAA(°) 5.60+1.15 5.66+1.13 0.263 0.794 5.63+1.14 Nl 18.50+2.45 18.44+2.11 0.092  0.927
TSP 0.78+0.20 0.7240.24 1.344 0.182 0.75%0.23 ARG 6 MH 4.83+1.12 9.83+2.07 13.984 <0.001
—PREPER o ff (°)  15.8443.37  15.8043.45  0.058 0.954 15.82+3.41 ZE 13.67+2.07 8.61+1.58 9.262  <0.001
/Pusan A vs A 6 11 16.220/<0.001 17.457/<0.001 23.943/<0.001 TS; A 1.8840.59 18240.68 0364 0717
/Py i s A 6 1) 20.113/<0.001 22.991/<0.001 30.642/<0.001 RE 641 0.6840.21 1124029 7198 <0.001
t/Piowans i v K15 6 1) 35.399/<0.001 39.650/<0.001 53.426/<0.001 fn 1204030 0.70£0.21 6364 <0.001
Pysse, v k6 1) 10.996/<0.001 12.939/<0.001 16.244/<0.001 BEERE o 0 ()
/P s et a s Aius i 6 1) 7-064/<0.001  7.452/<0.001 10.345/<0.001 Rl 93.3745.89 93.1845.41 0420 0.905
FVE: IMA 9% 1-2 B A f s HVA RSN AR ;. DMAA Jyisi 565 i [ /1 ;. TSP RJg 6 MH 15.22+3.24 18.97+3.59 4171  <0.001
PEL SR AT Z{H 8.15%2.07 4.21#1.31 7322 <0.001
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Quantitative analysis of deformity indicators at the three-

dimensional level of the first metatarsal before and after surgery in
patients of different genders

Ei2a B (n=24) Ltk (n=76) tfH PH &I
ARHT
IMA(°) 12.26+2.78 12.47+2.68  0.332 0.741 12.42+2.63
HVA(°) 33.28+7.12 33.45+7.09  0.102 0.919 33.41+7.02
DMAA(°) 18.43+2.14 18.51+2.14  0.160 0.874 18.49+2.12
TSP 1.81+0.59 1.89+0.62 0.557 0.579 1.87+0.65
B ERE o ff (7)) 23.4416.44 23.31+6.44  0.086 0.932 23.34+6.42
Rig 6 ™A
IMA(°) 5.29+1.35 5.33+1.45 0.120 0.905 5.32+1.37
HVA(°) 11.09+2.03 11.05+1.99  0.085 0.932 11.06+1.98
DMAA(°) 5.57+1.10 5.65+1.15 0.300 0.765 5.63+1.14
TSP 0.72+0.23 0.76+0.25 0.696 0.488 0.75+0.23
B0 RS o ff (7)) 15.79£3.45 15.83+3.46  0.049 0.961 15.82+3.41
Puia, il vs A5 6 4) 11.049/<0.001 20.428/<0.001 23.943/<0.001
P, i 0 6 1) 14.683/<0.001 26.518/<0.001 30.642/<0.001
t/Piownn. At vs. A 6 1) 26.183/<0.001 46.147/<0.001 53.426/<0.001
Prase. it e 6 o) 8.433/<0.001 14.736/<0.001 16.244/<0.001
P s st a s A A6 1) 5-130/<0.001  8.920/<0.001 10.345/<0.001
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Figure 3 | Receiver operating characteristic curves for assessing the

efficacy of the pre- and post-surgical differences in three-dimensional level

deformity indices of the first metatarsal
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Table 5 | Value of pre- and post-surgical differences in the first metatarsal
three-dimensional level deformity indexes for the assessment of outcomes
before and after surgery

b2 E M2 FWRL(95%CH) Z Giit #brfE BURE % 5 PE
(%) (%)

IMA 0.822(0.733-0.891) 7.698 3.04 87.50 7857 <0.001
HVA 0.816(0.726-0.887) 7.202 14.24 83.75 69.05 <0.001
DMAA 0.734(0.636-0.817) 2.879 9.14 50.00 85.24 <0.001
TSP 0.807(0.716-0.879) 5972 0.90 83.72 6071 <0.001
M e a f 0.704(0.605-0.791) 2.821 4.80  75.00 64.29  <0.001
A PR A 0.902(0.826-0.953)  10.925 87.50 77.38  <0.001
Fik: IMA RS 1-2 BliE (A ff1; HVA B SNER ;. DMAA Szt s ¢ 15 T il i TSP

NIRRT ALE
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Table 6 | Comparison of pre- and post-surgical differences in first
metatarsal three-dimensional level deformity indicators in terms of their
assessed value alone versus the combined assessment scheme

BREYES 2k IR 72 (95%CI) bRiER7s Z %t PIE
Ay vs. IMA 0.080(-0.017-0.177) 0.049 1622 0.105
T4y vs. HVA 0.086(-0.016-0.184) 0.050 1726 0.084
T4y vs. DMAA 0.169(0.001-0.336) 0.085 1.974  0.049
ety vs. TSP 0.095(-0.013-0.203) 0.055 1732 0.083
Wetr vs. S5— PR ek o /3 0.198(0.025-0.371) 0088 2239 0.025
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