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[ Abstract] Objective To establish a prediction model for residual acetabular dysplasia (RAD) follow-
ing closed reduction in developmental dysplasia of the hip (DDH) ,so as to guide the selection of timing for
secondary pelvic osteotomy. Methods A retrospective analysis was performed on 449 patients (522 hips, mean
age: 16.3 5.1 months) with DDH treated by closed reduction from 2004 to 2015. On pelvic radiograph ,the de-
gree of dislocation according to International Hip Dysplasia Institute (IHDI) classification and the appearance of
ossified nuclei were evaluated prior to reduction,and acetabular index ( AT) ,Centre-edge angle of Wiberg (CEA)
and Reimer index (RI) were measured at the time of 1,2,3,4 years postoperation. and final follow up visit. Avas-
cular necrosis of the femoral head (AVN) was also assessed. Patients were divided into two groups according to
Severin’s grade at last follow-up and whether they underwent secondary pelvic osteotomy: those with Severin [/1
hips were classied into the recovered group and those with Severin [lI/IV hips or already having undergone pelvic
osteotomy were classified into the RAD group. Cox regression was used to establish a predictive model for recovery
of the hip after closed reduction,and the receiver operating characteristic curve (ROC) analysis was used to veri-
fy the established model. Results Of these 522 hips,70 hips (13.4% ) were THDI type 11,223 (44.6% ) were
type Il and 219 (42% ) were type IV. Prior to reduction,the ossified nuclei of the femoral head appeared in 410
hips (78.5% ). The overall incidence of AVN was 12.8% . There were 329 hips (63% ) involved in recovered
group. Of these 329 hips,the mean recovery time was 33.3 +14.7 months,and 93. 6% of these patients recovered
within 5 years after surgery. Cox regression analysis showed that IHDI classification, ossification nucleus of the
femoral head,age of reduction,and current Al,CEA,RI and AVN were factors affecting the cumulative probability
of recovery after closed reduction of DDH. Based on Cox regression analysis, this study successfully constructed a
predictive model for recovery after closed reduction. The total scores of this model ranged from —11 to 17,with
corresponding cumulative probability of recovery ranged from 0.02 to 1. 0. Under this model, if the total score was
less than or equal to 2.5,1.5,2.5,0r 1.5 points at 1,2,3,and 4 years after CR,respectively,the patient had a
significantly higher rate of recovery (81.4% —96.1% ) ,the area under the curve of ROC was 0. 808 to 0.910,
and the Kappa coefficient was 0.497 to 0. 618. On the other hand,if the total score was larger than 1.5 -2.5,the
risk of RAD significantly increased, and pelvic osteotomy was recommended under this condition.
Conclusions The model established in this study can be effectively used to predict the development of RAD,so
as to guide the timing of pelvic osteotomy. Under this model , the child is very likely to develop RAD if the total
score is greater than 2.5,1.5,2.5,or 1.5 points at 1,2,3,and 4 years after CR,respectively.
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Table 1 Comparison of clinical parameters between groups of RAD and recovery
o W LAbaR P (% ) ] A (%) ]
(x=s,7) S 5 Y H e
RAD 4 193 (37% ) 17.0 £5.4 174(37.1) 19(35.8) 89(39.4) 47(32.2) 57(38)
peyugs:) 329 (63% ) 16.1 £5.0 295(62.9) 34(64.2) 137(60.6) 99(67.8) 93(62)
v/ Z/x 8 t=1.971 X =0.032 X’ =2.062
P 0.049 0.858 0.357
e THDI 43 #I[ #E(% ) ] AR (%) ]

AR ALG ) I 1 7 Vg x 4
RAD 4 36.3+4.7 14(20) 84(36.1) 95(43.4) 46(41.1) 147(35.9)
gl 34.9£4.2 56(80) 149(63.9) 124(56.6) 66(58.9) 263(64.1)
VZ/x t=3.557 Z =3.270 x> =1.028
P1{H <0.001 0.001 0.311

o AVN[#i(%) ] AVN 73R #5(% ) ]

F(HFTAD)  ACLLIVA) & 7 7 iz} V#

RAD 4 144(31.6) 49(73.1) 130(31.3) 14(35.9) 36(73.5) 8(66.7) 5(83.3)
Pl 311(68.4) 18(26.9) 286(68.8) 25(64.1) 13(26.5) 4(33.3) 1(16.7)
v/ 7Z/% 1 x> =43.133 -
P1{H <0.001 <0.001
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Table 2 Parameters included in predictive model at Year 1 post-reduction based upon Cox regression

A5 WRE LI WHREE PR Wald ¥* fi PE OR {8 OR {8 95% ¥{ZX ]
IHDI II %Y 10.781 0.005
IHDI I %Y 0.447 -0.413 0.160 6.694 0.010 0.661 0.484,0.905
IHDI IV %Y 0.420 -0.543 0.167 10. 600 0.001 0.581 0.419,0.806
(iRl 0.785 0.511 0.147 12.093 0.001 1.667 1.250,2.224
AR 16.422 -0.026 0.013 4.081 0.043 0.975 0.951,0.999
KJg 14 Al 27.128 -0.047 0.013 12.264 0.000 0.954 0.930,0.980
AJ5F 14 CEA 14.123 0.037 0.011 10.451 0.001 1.037 1.015,1.061
ARJ5 1 4RI 23.727 -0.017 0.006 9.582 0.002 0.983 0.972,0.994
AVN 0.130 —-1.111 0.251 19.635 0.000 0.329 0.201,0.538
£ DDH: A FYEWISCT AT AR ; THDL EEREICY AT AR & ; ALBIHEEG CEA: FLLAZAM; RT: Reimer $840; AVN: B3k it
L EERTE
&3 DDH BILARJES | AR P 020 K1 B
Table 3  Classification of different factors and corresponding assigned point values at Year 1 post-reduction
- Cox I(EI ﬁua) B4 il ’%‘f}{? D=8 x (W; -Wyggr) Scores; =D/B  Scores BUi

THDI 4374 - 7y - Base 0 0 0
-0.413 11 izl D 0 =Wiger 0 0 0

= 1 -0.413 1.8 2

-0.543 V7 = 0 = Worgr 0 0 0

& 1 -0.543 2.3 2

B 0.511 TeE 0 = Wiger 0 0 0
A 1 0.511 -2.2 -2
R CH) -0.026 <6 3 0.312 1.3 -1
6~12 9 0.156 0.7 -1

12 ~18 15 = Wypgr 0 0 0

18 ~24 21 -0.156 -0.7 1

24 ~30 27 -0.312 -1.3 1

>30 33 -0.468 -2.0 2
ARJGE 14 AL(°) -0.047 <10 7.5 0.94 -4 -4
10 ~15 12.5 0.705 -3 -3
15 ~20 17.5 0.47 -2 -2
20 ~25 22.5 0.235 -1 -1

25 ~30 27.5 = Wsppy 0 0 0

30 ~35 32.5 -0.235 1 1

35 ~40 37.5 -0.47 2 2

>40 42.5 -0.705 3 3

ARIGH 1 4F CEA(°) 0.037 <0 -2.5 -0.74 3.1 3
0~5 2.5 -0.56 2.4 2

5~10 7.5 -0.37 1.6 2

10 ~15 12.5 -0.19 0.8 1
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S 1%
B3 ox %ﬁuj)%z il ?‘f {)ﬁ D =B x (W - Wige)  Scores; =D/B  Scores JiUi
15 ~20 17.5 = Wepgr 0 0 0
20 ~25 22.5 0.19 -0.8 -1
25 ~30 27.5 0.37 -1.6 -2
30 ~35 32.5 0.56 -2.4 -2
>35 37.5 0.74 -3.1 -3
RIGH 14 RI(% ) -0.017 <5 2.5 0.255 -1.1 -1
5~10 7.5 0.17 -0.7 -1
10 ~ 15 12.5 0.085 -0.4 0
15 ~20 17.5 = Wopgr 0 0 0
20 ~25 22.5 -0.085 0.4 0
25 ~30 27.5 -0.17 0.7 1
30 ~35 32.5 -0.255 1.1 1
35 ~40 37.5 -0.34 1.4 1
>40 42.5 -0.425 1.8 2
AVN -1.111 " 0 =Weppr 0 0 0
H 1 -1.111 4.7 5
S DDH. KA MM KB AR B=5x (-0.047) = —0.235; IHDL [FFHECH & B R R H 25 ALBEFIHES; CEALthbZfi; RI

Reimer F5%5; AVN . B H-Sk B it 2R3E

F4 DDH BILHGEAIARIEH 1 AEA RS0 I Y fe 408 A 5
Table 4  Different total score at Year 1 post-reduction and the corresponding predicted recovery rate in DDH children

58 UG RS =y UEEES

-11 1 4 0.759252337
-10 1 5 0.675599879
-9 1 6 0.589347097
-8 1 7 0.50520589
-7 0.999999994 8 0.426648525
-6 0.999999672 9 0.35580903
-5 0.999992529 10 0.293662058
-4 0.999911475 11 0.240314719
-3 0.999375019 12 0. 195302796
-2 0.997069742 13 0. 157837694
-1 0. 990059468 14 0. 126988241
0 0.973889787 15 0.101801748
1 0.943975697 16 0.081376768
2 0.897552133 17 0.064901151
3 0. 834905558

# DDH:LZFHHHIR AT AR
EIRFRERY TR, T LIRS 26 2.3 4 4R ARBIIN R &P @A) ROC 28 T i FR (area under the

PERBIIAER . RALSRILBIRES K6, curve, AUC) 77 0. 808 ~ 0. 910 (& 1), AHA
= ETEIE AUC #JRT 0.8, HA RIFHY X0 JE . MRS ROC i

ARIEA AL S B ARR S 1. St iR B8, 3R 7 v, RS 1 ~4 4R/
2.3 AAREME RSN ER 1.2 3 4 AFH ROC #E IRFLES N 1.5 ~2.5 0 (R 7)), M /N T iZME
(GRT). hRT ME D AR, ABERAREER 1 ~4 W EEREET &
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Table 5 Summary classifications of different factors and corresponding assigned point values at Year 1/2/3/4 post-reduction

(5ES S RIGH 1 4R RIFH 2 4F RIGH 3 4R RIGH 4 4F
IHDI 7y 0 0 0 0
T 72 2 1 1 1
IV#L 2 1 1 1
HE T 0 0 0 0
HE -2 -1 0 0
SAAER () <6 -1 -1 0 0
6~12 -1 0 0 0
12 ~18 0 0 0 0
18 ~24 1 0 0 0
24 ~30 1 1 0 0
>30 2 1 0 0
AI(®) <10 -4 -4 -3 -3
10 ~15 -3 -3 -2 -2
15 ~20 -2 -2 -1 -1
20 ~25 -1 -1 0 0
25 ~30 0 0 1 1
30 ~35 1 1 2 2
35 ~40 2 2 3 3
>40 3 3 4 4
CEA(°) <0 3 1 1 1
0-5 2 1 1 1
5~10 2 1 1 1
10 ~ 15 1 0 1 1
15~20 0 0 0 0
20 ~25 -1 0 0 0
25 ~30 -2 -1 0 0
30 ~35 -2 -1 -1 -1
>35 -3 -1 -1 -1
RI(% ) <5 -1 -1 -1 -1
5-10 -1 -1 0 -1
10 ~15 0 0 0 0
15~20 0 0 0 0
20 ~25 0 0 0 0
25 ~30 1 1 0 1
30 ~35 1 1 1 1
35 ~40 1 1 1 1
>40 2 2 1 1
AVN ¥ 0 0 0 0
A 5 - - -
1 %4 - 3 2 3
7 - 2 2 1
IV#! - 3 3 4

£ DDHAHMEMRT ZE AR ; DL EFAMECT B A RS ALBHITEG CEAHU0A% M ; RI: Reimer #5540 AVN: JB& Sk Bt
MPEIRAE
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&6 DDH MIGEAAGS | AFZS 4 4R ANFLE 720 L T fre i 72 it
Table 6 Summary of different total score at Year 1/2/3/4 post-reduction and the corresponding predicted
recovery rate in DDH children

5 55 1 RTINS AR 5 2 AETRIN IR A 5 3 AR ST MR 55 4 RTINS HER
-11 1
-10 1
-9 1
-8 1 1
-7 0.999999994 1
-6 0.999999672 1
-5 0.999992529 1 1 1
-4 0.999911475 1 1 1
-3 0.999375019 1 1 1
-2 0.997069742 0.999993 0.999999735 0.999998756
-1 0.990059468 0.999567 0.999800828 0.999748619
0 0.973889787 0.993672 0.991729012 0.993606373
1 0.943975697 0.96348 0.932671428 0.95403287
2 0.897552133 0.885125 0.78091023 0. 847008663
3 0. 834905558 0.757001 0.574436036 0.681582722
4 0.759252337 0.603424 0.381675134 0.502215692
5 0.675599879 0.453742 0.237013898 0.346380304
6 0.589347097 0.326529 0. 141200992 0.228337186
7 0.50520589 0.227746 0. 082089275 0.146154836
8 0. 426648525 0.155459 0.047055454 0.091822559
9 0.35580903 0.10458 0.02675708 0.057020869
10 0.293662058 0.069671 0.035155755
11 0.240314719 0.046116 0.021579445
12 0.195302796
13 0. 157837694
14 0. 126988241
15 0.101801748
16 0.081376768
17 0.064901151

£ DDH: LZFHMHIR AT AR

&7 DDH BILMIEEMIAIGS 1.2.3 4 44550587019 ROC #iZ 7 4r

Table 7 ROC curve analysis of total scores of dl[ferenl factors at one to four years post reduction in patients with DDH

ARt AUC AUC 1 95% CI SE P{H It 5
AR 0. 808 0.769,0. 846 0.020 <0.001 2.5
52 ARy 0.843 0.808,0.879 0.018 <0.001 1.5
%3 AR 0.871 0.835,0.906 0.018 <0.001 2.5
54 4Ry 0.910 0.870,0.950 0.020 <0.001 1.5

£ ROC: ZiXFHAERFAE; DDH ZH VMR T AR ; AUC: IZR TR ; CI: BASIXIH] 5 SE:friffi

HR A I A S o AT o3 4, e 2493 A 80. 4% | AFEE . RIGH 1A ALK 25.7°,CEA 2y 14°,RI
83.6% .84% .95.5% I %%‘%ﬁ%ﬁ%%ﬁj(%@ 8). Al H27% MBI AVN, B4R 0+2 +( =2) +0 +
IF, 5 R R T fe R ALY Kappa RECH 1+ 1 +0 =2 40 (<2.5 4p), #0092 @ fE R
0.497 ~0. 645, LT W BRI IR ELA th 48 285 0897552133, RIS H 7 4F X LR A A $ R i 6 5

iR PR AT B B — e Severin 734N 1 9, A ARASRERL
Py | 7 g 451 B 2(F3) : 4,202 4~ , 20 DDH, ARy TH-

Jf LR 2) o, 16.2 A H L, Zefil DDH, R DI ZpBUIVEY, A Bk A, 2R AT S A5 A7 7 [
Aif THDT 7358 MURY A e Sk i A, >R TP 52 A2 HIT AR TAEAIZ2.5°(14)) ,CEAL10.7°
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FUEESROCHTZ H2AE BTROCHTZR
1.0 1.0
0.8 0.8
i 0.6 i 0.6
% %
T 0.4+ T 0.4
0.21 0.2
0 T T T T 0 T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
T i B
34 RTROCHIZR 44 RTROCHIZR
i.0 i.0
0.8 1 0.87
i 0.6 i 0.67
B B
5 0.4 1 ™ 0.47
0.2 0.21
0 T T T T 0 T T i} T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
P i
E DDH:RHEMBISAE AR ; ROC: ZikH TAERFEHZE
B 1 DDHEILARJEH | ~4 548 hr 4010 ROC ik
Fig.1 ROC curve of total scores of different factors at Year 1/2/3/4 post-reduction in DDH children
&8 DDH HIEEAIASE 1.2.3 4 M AR IR F 0 B0r 4 5 A 45 R i C 5
Table 8 Relationship of final outcomes and different groups assigned according to cutoff values
at Year 1/2/3/4 post-reduction in DDH children
P 18] £ Ry RAD 4 eRTZH Kappa Z 8¢ i P i
ARG 14 >2.5 134(67.3% ) 65(32.7% ) 0.491 124.511 <0.001
<2.5 59(18.6% ) 259(81.4% )
ARIGH 2 & >1.5 125(74.4% ) 43(25.6% ) 0.547 155.635 <0.001
<l1.5 63(18.1% ) 286(81.9% )
RIGH 3 4F >2.5 111(78.2% ) 31(21.8%) 0.618 172.117 <0.001
<2.5 45(14.7%) 261(85.3% )
RIGH 4 4 >1.5 77(61.1% ) 49(38.9% ) 0.603 122.478 <0.001
<l1.5 7(3.9%) 174(96. 1% )

£ DDH: L FHHIR AT AR ; RAD BRAMHAT AR

o ARET THDI SR EY, A BEE Sk fed; BoRHMEZAA B EE; C:ARFH 1 FEMD 2 45 (<2.5
53, BN SR 0. 897552133 5 D ARJGHE 7 4E (D) X kA SR Wi SCTY Severin 734054 1 ¢

2 1 Bl DDH BILFARTG X v
Fig.2 Preopertive and postoperative radiographic films of a girl with left DDH
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o ARHT THDI MRV EL A7 BE S B B RIMHEZAOEFE; CARH 1VERD N9 7. DG 2 428500 7 5, Bl
PERERARUT ; B ARJFHS 6 48 X AR LN Severin M4, 35 AH RAD, DDH . % & M55 i
B3 1Ltk 20.2 720 DDH EILT ARG X 27
Fig.3 Preopertive and postoperative radiographic films of a 20.2-month-old girl with left DDH

(143),RI31% (1 43) , A AVN(0 43) . RIF% 1
AR RT+24+(=-2) +1+1+1+5=943(>2.5
53) PERIHE AR A 0. 35580903 , Fii i HAR XE 3R 45 2 A,
TARLEM AL, RIFH 2 48 A1 33.2°(1 43),CEA
7.6°(1 %) ,R142% (2 43) , T B4 AVN(3 43) , k4%
H1+2+(=2) +1 +1+2+3 =7 43, /RNl
0.227746 , ZERMERARML ., RIG5 6 4FE 4= Ri&
2 B Severin 1T 2% .

woR

H AT, E N AhXT T DDH 15 5 AR J5 45 R i T
WA A7 AEAR 224+, Albinana %510 [al B P fF 55 1
72 R A AL DDH 835 R IR B V5 I 47 5
(65% ) N Severin 1 . Il %,25 #i(35% ) 2}y Severin
I V4%, k&3 AL BT LARUI B 2425 )5y, AV ) 2 4F
AT >35°1 B354 80% MMt B Severin I, IV 2%
(25 )5 . Li 2500 [l PE AIF 5T T 24 o Y 89 4]
DDH B 5k, & B AL & FIN 45 Jm) 1) d5e L8 A , 1A
SEMARIFUE 1 4E AT >28°,2 ~4 4E AT >25°, 11
RATRE L RAD, Fu %5 [BIERF ST T 36 4] (48
#5) R AR YT I DDH 835 B8 8L, R S5 B4R
& AT.CEA [RI, &5 WoR , WARAE 3 ~4 Z ) RI >
38% a4 ~5 &I} Rl >33% HAEFJE 5, WAR
Al REH AT S5 )R .

YT, HArE NS F RAD 178 28 B B Y
(9 T ARG AE R HLAE AEAR K 4L, Schwartz' > [l i}
PEWFSE T 50 1R FH & A i DDH B & Bk, A
J DDH & Z A5 2 4, Gndft AL > 25° M@ 7
WAL Shin 2 A, DDH & A 3 4R 7 , 4
AT >32° CEA < 14° WA FT & BB L FE1E .
Tasnavites %2 ANy, Z 0] B 2 0B 97 B 107 A6 1AL 4
AL 3 AELUR AT, H ATEZE R TIE R ER 2 s
HEZ . IAb, Ténnis > . Vrdoljak %[25] . Kim %[26] N
Gotoh %[27] . Albinana 5;‘?[10] . Kitoh %[zg] . Terjes-
en'™ | Fu 0 L' o i AT T AR T

RAGHERFARBHL, A1 H B FARIFHLAAE 2
EEARIE 8 ~ 10 AL, FARIEAE EZRIE AT CEA
T RIAH, (H A WA B B A E R R 22, Al
UL, HEIAFRBFZE &3 F RAD 1B &8 R FAR
BIEFF AR R ER

HEAE BT g 3 DDH J 4 5057 R S5 45 Js) 1 15
W, B R AMIFY = BAEAE LA R . — & i o
HIF S = B SR, R UE A C &
55 TR BT I AL OGS AR R I 4
Prf— R ZHWF 5 LA T AL DI 8 AL 46
T CEA RI, ARJJTJE 1, #5567 19 & 8 7l fig 2z 2I11R
ZHZRZ M, AR i o7 )™ B F2 B YR YT HT AL
e Sk B e RS I AVN %5, (WS AT 5% CEA
LG —FEARMRME TR A A A R B SO IR,
HESL — AT LS 2 I R AR R T Hi DDH
MERMNARGERAAELEE L,

AW HI T DDH [ A &2 A0 i A i 700 A
pU N = NS P N W S e BU R (B2 8 B ]
I RAD (& . AR EBIBINA T 3 43
fih 6 A (B2 A0 4F % | 52 57 A 9 57 #2 B THDI 4y Y
B H Sk B 2 A B A1 4 A 1795 45 (AL
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Wi DDH B 45 5 1 AR S5 485 Jm) i B R & 1200
FIFZ A8 AR LLT DDH A& &7 AR5 /Y
gh)m, H A #EdE, X F DDH & & N5 4
DL AR B — AT ], AR A i ]
{7 THDI 737 A To k3 e A%, D S 1 AL
CEA RIAVN 4545 br B4 , 8 o 2465 B 5 ] DU A%
FIARAF W MR, LA, b T i — 2 3 i
TRMAR A () N , AR RLA B T R m AR A
S Esr . RIGE 1 85 <2.5 0 AR5 2
RS <15 40 REH 3 B <2.5 0 AR5
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AR AVN 2 130 0 A5 78 rh A B A K i PR
£ BRI R, AVN & 50 i G 2 25 R
(TR 2N %, Malvitz 25 [ B PR #F 58 7 119 4
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AR MO T DI RERCI A AVN (R I B AR 22
Terjesen 255t %F 71 451 (90 %) DDH f % 47T T
50 SRR REDTIT ST, X L R A 83 MR R e 2
A, RWBEDTIN A 27 5 (33% ) HIEHECTT &, i
— T KB, AVN 2 B OG5 AR 9 HE XU A
Fo AVN [ B 2 7™ B 5% e R 3k DR BB 3 11
JEA, RBUR E kA BN B T 2R, R B
A 1 BB Sk AL AR KA, DT S R SR
ZERFEOCTT TIRE

5 REAEAIF ST SR FH A T30 7 32 4 EL , A 9% 4
PRI ELAT i 205 OARIBIZEG T 244845,
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SERIFE AR RS RTHE R ARAR S 5 AR, ORI T
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F U A YT 3 (DA BB AL T 22 A [ A5
AN 45 SR, 1 A 2 U ] DA B A8 i S 22 B T A 1)
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DR 2, PR UL, A B 90 i 2 9 100 0 A 78 %) 1
DDH A4 807 ARG RAD Y750 B A 55 22 59 I R A
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