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[ Abstract] Leg length discrepancy (LLD) is a frequent symptom of common orthopedic diseases. The
clinical manifestation of LLD smaller than 1 em is insignificant so that there is no need for intervention. Howev-
er,LLD larger than 1 c¢m leading to abnormal gait and spinal deformity should be treated properly. The manage-
ment process of LLD patients includes bone age determination, growth prediction and selecting treatment op-
tions. Currently many methods are available for bone age assessment and growth prediction. Yet each modality
has its own advantages and limitations. This review summarized the latest researches of bone age determination,
growth prediction and proper treatment of LLD.

[ Key words] Age Determination by Skeleton; Growth; Forecasting; Leg Length Discrepancy; Therapy;
Child

Fund program: Hunan Provincial Clinical Medical Research Center for Pediatric Limb Deformities
(2019SK4006) ;Hunan Provincial Health Appropriate Technology Popularization Project in 2022 (2022180159
12) ;Open Project of Hunan Provincial Key Laboratory of Pediatric Orthopedics (2023TP1019)

DOT:10.3760/cma. j. cn101785-202312022-015

TR (leg length discrepancy, LLD) J&—Fh i UL LT BEAYARIG KW 1 BEATIPAl o Gl 28 5 AF 50 T K
JLE A RPN SRR . IREST, DA 10% AR JE BBV LUK B e RS2 B A I 22 6] B9 5 2%, ml LASS )
MR B B2 58 AR ), K2 90% B9 N BRI BE 22 52 /N T BRI BE A HE IS, ITTZEA T T 30 e 2 e
1.0 em' S /NTF 1 em (9 LLD IR R HIEAR B E, 0ILTH B A —FhfiRe , SRS A AU AR K & 7 K R LA
JY,MART 1 em () LLD A RESECL S W BRI, Ny B Sl iva e, A 8 7 1 L3-8 8O BIRES, s T
TESATTH W T TR TR AT i, BB ARRULAE R R G A R I 4 A, AT
LT VA T A AT B LLD o O T8 I — i, a0 SR T B A R B B, X LLD SEULEIRY A A



590 - bR LSS 2024 4 6 A 23 5% 689 J Clin Ped Sur, June 2024, Vol.23, No.6 [ ENENGNNRNGD

BREH . BAIEIR A 2R Bt 7 a8 5 28 R0 vk,
A HA R SRR . A SO I 2 R R A A
LLD J357 M o8k el A 745 3A

— JLEH R

AR BTN T BT B R A AT VA A . R
Y 49% 1 BEA 51% ML B SEBAHZEE 6 T~ H L
N, 215 26% B9 1% 5 4R 0 H 2% g 1 4R Sanders
410 Breen 4 BRI, 1675 F & H WIT UG 2 87, 66 4
AR T B AR S AR L T B LB AT HRERKRE
W12 0, fob P B T v B T SR K B B I s Tk
KO 53 Ak SR T o

(—) 4k

1926 4F, AZE5E5E Todd 1 YR IE 8 B fh O RO
B T T S BB L O B R I E B, 3
BTN I = B PO RO - 1, (BRI I UE
FTF2HERTI(3 ~7 %) L, HiRZEEk, Hare i .

(=) FElig ek

1950 4, Greulich 1 Pyle Bk & B T 38 8 H X bR X 2k
RS AW B J7 i, B Greulich-Parle 451k ({5 #R GP %),
IR TCFE R EHGREE) . ZEEERET AR
JLEAEF Wb X & B, @l ILEFR X LAY
P A AR I B ifE X 2R b A7t , H R 5 il . GP
TR T A R BCR S e , EL A B 1T R A R
o] R B

1962 4%, Sauvegrain 25" JF & T —FAR I 565 X 8 A
W E R I 715, R Sauvegrain 2% (R FK SG %) o SG T
—A 27 S EITFA AR R S AL Y 4 ANkl (A B
AR WS B E L) 1R BRI T LA 4y, AR A By
B E— LR BB S 2 0B R, SC i L E
e 6 A H R e RE R 43, BE SR O X A B il . (A T
FHARWIET, IR A O A R B W B A 2R R, SC
IRBR T A W A K R 0 B 00 03X — By BEAY AT —4F (&
10~13 % , B 12 ~15 &) fliH,

2005 4, Diméglio! " ST SG o , MR FL5 1 Wi 19 51525
HNTF BT —Fh i A B R T2 (1 7 ¥, R T AL T W v o %07
ILAELL 6 A H Ay (8] b 7 P s DA R o 38 A LR
LS LT ARSI L% (11 ~ 13 2) B (13 ~
15 2) dgim 6 A~ H e 1k, BRI A 4B (A% R
LEAAR 1S BEAER 13 5 WA RG22k A
PG R L it 11.5 8 B2 13.5 % B 28
o R LA 12 2, BB 14 0 fRmii &, 32
ARUHFIR12.5 %5 BEER 14.5 2 fRimm e s, #n
WHATIE 13 % BRI 15 21 ORISR s L
SRR TR T AR R — o TRT SR LA I PR S5 3 Al 8 SE Y B
AT 5 i, (R 2 T 2 R AT S A R R A0 A A B, R
KA SG ¥k,

(=) ik

e BRI 114315 J& Tanner-Whitehouse £ 51 9F 43 1

(fRIFR TW 3%) o TW 3:F 20 HH4g 30 4R AR I AL E R
FEATF &, TW2 35 36T 20 122 50 410 60 4R AR A 4L
i, T 1983 AE R, If-F 2001 A i 9 [ )L 2 i A= 4 B0a
SBT3 M(TW3) . HETRH = TW3 5. TW3 3
PR BS B I UL K5 1.3.5 F8 922 B s 5 B 16 Sk i 2
Bl X RYCEBER AT 2 WA OGP 4 JE A5 B — AR e
PRI S B, SR 5 B B A O N, 13 81 50 1) Radius-
Ulna-Small Bone ( f#i#K RUS) 434, AR B0 4, 7R AR B & #%
W B3R EARE) 5 2 X0 R BB . TW3 0] LU 8 3
FOREEELE 1A AN B 7 2 2 /DT 220 min A RESERL, i
AR, HEG 2RI Z iR LW, Hifc ARt
RNEET TW3 BN T G E IR ITA R G (TW3-AT) , 3
PR AL BRI E] g 1.5 Fb, B 38 4 A i E G R THERR
EME, HAEEN R RN

() B W8 T T 98

2009 4F, Thodberg 45! F¥ & T 55—~ 4> A 8115 i 52
K AF——BoneXpert, ZH /TN TFHEHH X L7 A 5 g2
15 Yea g i 7L, SRR THEE L 13 B s (B LR 11 B
B ) i B [ A B, SR N A B R i GP
BTW B, M T BoneXpert J& 100% H 31, B PF43 1928
SR E, KB T W E Z MR 2E, T T ok
Jgt OB — T AT 5T A 4 482 44 JL 3 {fi Fi] BoneXpert
WA AT B, 5 ATHH GP B Fahirfhim —5 %k
iK94.29% " EAM—TBFSEAIA T 920 ] 2 ~ 19 % iR L
HMAT X 2, 533 A BoneXpert {45 A T ffi ] GP %
TW2 F1 TW3 J7 kT shiTAl & i %) b, BoneXpert 3 {4 3 Ff
T7 B W X 7 H % 22 (root mean squared error, RMSE)
YT AL, HEo#i lUAS (1 BoneXpert 245 LA Y MUAAH
o, o T B IR E R T L AR R

BRTRLA X 24k Ah, B T A 88 5 R AL R 55 O vk
M RS R E AN S e R T
RS, 3 N — e T B A B R T AL IT AN ) R A ORI
#7". FURT BonAge 7 I 4k 22 T W 0B 09 2 L o 7 4
ARHBEFT B4 DU 78 1 — B Ry G 7 7 . BonAge 7 iU
HIRTEMERF, B S5 T X LR, BA R s .
{HH A RS o, BonAge fill ] T i 4k 238 A)-F % R A S T
BA/EF U , DA R A P DA B U A I 5 A A TS 2 VA 8 B
BT R,

GP BEFSEIEAG AR R PRk , 75 5 2= >, IRt bl ) 32 i A o
SR GP B T %t X 4 iy 3 WL 30332, 7 BB & )
A R I B BT R TR TR 25 AR AN B S, TR e
SRR AN, A B BN, JLEE R R [ £ R
GP I HERATE (BT e — A 000 72 0k PG
R, (HFERH RS, AR B 0 78 2 8 19 T A8 s ROT Al B
W, b, R ML S I A SR X —
[P HR L e b W] SR R vk

TR B R

TEHAT A R I AT, FRATE G Y T a e K&




B i LshRZE 2024 £ 6 A 23 %% 63 J Clin Ped Sur, June 2024, Vol.23, No.6 591 -

Tl BRAERKETAT T 4 A RRIBEL, 73 02 71 &
BB (AR S Z (A RK) S ZRHERN(R
EAR)MEEN. BENERENERKIIEIN, B 1AEMNTR
G I 1.5 AERY SAR IS AR o B IR 7E
A o5 T IR K BE B 54% F46% o 4 A HERAR (4
JBC B RIS (8 3 R Azs s ) AR R 67 B A G, (H F B 8
0 55 A A R B S o A B S B AR

(=) AR T Ty

1963 4, Anderson %! 3 T A ff B i I FH BE R
HREAEEE, I T Green-Anderson A= Kl 43 &,
ZIT BT 50 DL R 50 AN B 4% AE TN oS 1k A i 8 4R
BT R AR U0, 4 1 5 I B 2 i 60 I M0 i 1) A= 4 A 1 6
B IR LAk I R TE U2 I, 10 sk P 341  br i
ZERPERN R E 3 O 8 A o K T R B R B S AT
£ 5 Anderson A HEAT LU, R R 4F 8 AL, 76 SR |
FBNE 0T AL I T S LB RS Y T
M B

1966 4F, Menelaus' ™ 2% T White il Stubbins ) W 1,
P2 T — PR T A BE AN S 19 5 1 ——White-Me-
nelaus FEE: , BRI SEPRAFEE TR, RO L I4TE 14 4
BEIE 16 B4 1EAAC, B T i AR 1S 1 0. 375 B (1 3
o =2.54 em)  JBE TR EAER K 0. 25 e, BAGEMIL
RUBTCFR IR X 2R s GP B3, B 358 o 353 T 0 s g
AR PO BE LT SR A8 3 1 0 RS2 B 4 i 22 [ A7 7E W fi
25, WITHRA T RE A HER o

1977 4F ,Moseley ™ 3T 20 {140 40 4EAR AN S0 4EAR 2K A5
AR EE , AR T Moseley H kI (M-SLG) . Moseley i i
WA R L R R Rt R T 8 , o X S SR T 48 L
—ANHZ&R, WA Y ET R AN A, AT LU B e L
B o 25 T T30 B B R B R BRI AR
)RR A B P ) PO B8 R 8 R B A1 ] S 1 e A B
)5, ITEFERE A3 SEI A3 A BEEE X £ 5
FREA RS B, JF 75 2] GP IS 2k 0 - 1
PRI, 33 S — e s 719 7532, X L A0 T A s R A v 4 A

1997 4F, Beumer 45! JE T 1979 4F 25 1994 4 i Wi 4 f)
182 &2 JLEE 54, LA Moseley B RIE NIRRT
Rotterdam EZE & (R-SLG) , Shahrestani™! i@ 35 %t 76 4 3%
B EARVGITRY LLD (835 PR 5 IE A T30 0T L, 45
RRZEUEF T, BER P 2 55 T 500 T Moseley &1, IEH]
TR M-SLG it & T 19 A K K03 B T80 0 5 28 JH AR K B 1Y
I

2000 4, Paley 25 3£ F Anderson 25 A W3R, &0 T
Pk o AEE W8 AR 1 BB FOIR B BE (length of the
femur and tibia at skeletal maturity, Im) [ DA £E ' 4357 4H 4
ANAERE B B A IS B K B (length of the femur or tibia, 1) , %%
JEHR A %L (multiplier ,m ) | 4T H B AR R 22 53 1
FIRAERKEMAK Lm =L x M, FEHFEH M 1 £ 2 1)
Bt At T DA SR R T A AR B 2 S i T

Tl BB . % 5 B W AT T A v R R B B A T
W T AR AE A B B AR R P RS
7, AHIE T B 23 1 E WY LU AN 32 F e A BR A0 i 22 5
FEMA R TIN5 Ik TR A o (R 5 W AR T AN 2 B
I, 33 AT 25 G ST AR VIR 7 A0 AF 1 T A B AR

() ANIml 5 i Toniu g s

H AT A 20058 X 21505 0 JLA AR S0y 2k
37 LA, LAGH 2 VR 35000 07 32k 1) oA M B o 2018 4,
Makarov 25" S i [ JB 77 44 7 B v .0 422 52 B B 61 58 R 3A T
iR R 43 98 F White-Menelaus 3% | Green-Ander-
son Az KR A& Moseley FZLTEFI Paley etk , H4 Fii i1 X
BB J32 0 pAC A T 4 BB 25 e 5 SEBR S R AT X LY, 4330
it FHAE RN B 8 X T 7 i AT LU AP R R 20 1 em
TR0 13 22, G e AR B0k B T R 25 & N, K (0.7 =
0.6) om, FALL TR 2T, A (1.1 £0.9) om; [A]AFE
ORI P 0 S AR g e v R T 15
25,10 3 AR T R EOE N S R K 25 R T R 2%
2021 48, EIZAEH 1Y I3 —WIWF5E b, X Moseley FBE4F 1T
LRI T A0 LLD HERRPE Y LU A SRR W], BRI T AT
TR b TR 5 230 1 RS B, B R P R AR Tl T
Moseley B E ™,

2019 4F, Birch % 3 iof (W15 221 {51 /200 o100 42 52 P A
B EARIAITHY LLD B HE, b4 T White-Menelaus 5347
Al Anderson-Green Az 1o 4% 1] T 0 2 322 i L ek 30 i 76
AR B HERGE , BAE  TNR 25 55/ R (0.65 £0.52) em,
AR AR A T R 22 Fe R A (1,51 +£1.29) em,, [R] B A
RN AZ 10 2 Bt MB 0 11 25, s Mz
BB IR I X — K BLEHIE T White I Stubbins
14516, 7T 6B White-Menelaus 7% . Anderson-Green 4= £ 78]
AR HER

2019 4, Burger 45 75 iek [ B 50 44 43 32 7K A B Hi 65
AR (Canale’s AR ) LUBFIE 4 & P TLD 8% Y58, JH Green-
Anderson FNFeEUTEAE A HH B 1 2 B 28001 O T HEAT 42
THIAT , G5 SRR WD 5 i i SO AR AE AR A & 1
GHRAHR PIRA B E 2R (P =0.096.P =0.051) ;764
KT, 5 B 8 ) Green-Anderson 78] 4% 8] L i B AR 1%
) TR TE AR o

(=) e T30 45 5 iy oA PR R

FEXS N B B AT 22 R T B, TN B 2
S E AR A B T RN () HE G . Shapirol™ iR T
A BN B Y 5 AR AR i, Forh T RI R AE K
BRI N R BE 22 7 I o I ) 9 HE A% LA [5) L 49 A Wi
FE I, S B AT 2By R WS ET 2, W White-Menelaus
BB REUE M E R B, a0 O A A KA
FHIX ST 5 2 A VR 2 Rk, SRk LLD B3 iy I
TG T RV A AR, T J5 R M 5 5 80 LLD 75 %
JESZAE RAR TR, BBl , e 28 7 56 T 2 AV E RAR MY AR
HER R LA A A R ]



592 . bR LSS 2024 4 6 A 23 5% 689 J Clin Ped Sur, June 2024, Vol.23, No.6 [ ENENGNNRNGD

RTINS 0 o A O | D 2 e L T T A
e S0 B T G, T R LR TE R 0 B R 2 R . Aird
AP0 A —XHURIE G v ot A BRAE I [ SEBRAERS — (WDIIAR IS - WF
FEAH KR T- A ) ) 76 B RS A HEA T T A AR
FH A FRAE IS AR SEBRAE RS , LA 42 H 200 ok 31 0 i )
LR B VRS 1) S, 225 SR A BRUAGE A FRAE I HEA T S0% 4F %
KETEJ5 Fe B (YR M R — SOV 5 T 28% ,iE TR 5
H W8 2 MAEER R

TR A AF % /N, T 235 S BOR B . Aird 7F 2017 4
FRIRIFSE [ o SR B0 FO00 B (5 AT T34, 22
T HHI2.2 em F) 14 HH 1.8 em R FHIHAEF AN T
(9 ST 4575 2 B TP I ERAF Y, A B N BB oty

= FIEARSKIGIT

LLD (93497 77 2 W PRSI 25 3 4 AR AR 7 2,
UGB ARRLA AR AR AR R E KR e
PO LLD 43k =2:0 ~20 mm JEFFATT,20 ~60 mm A 3 i
AR A A BB, 60 ~ 200 mm DU 55 B 4 00 B K E
KM, Vitale 2 0 T R AR 4y« 24 B B 2
SENF 2 em, TG T TAE B8 A & B A R b R
BT T 2 ~4 em ], AT LE i B R B 5 AR
AR ST 02 AT 4 om B3 EGET T
KFAR, HiL, 7T LUK LLD 367740 IR ST G T7 f T ARG TF
WAl

(—) FIEARSRAGIT 7

KKk LLD 3% 0 £ B4 YT HAR R H G
BRI BB, PRI S R R PR KR TR, —
FBRe U, A R, R4 2 em AR 2 S5 T LA A5 5
A1F , Jankaew 45" 0T 20 44588 LLD f R AR
FE 5 25 TR A T LG, % 3900 36 B VG 28 2 S, AR Y
F R T 22 R AR T 0 4% 0 35 AR M A 5253 S — ol
k3% LLD AT HE 0 7 B0 ELRR M 0 07 v, (BAN S R
S PR A7 A N T B2 69 B A T , DU 7 2 T R A 7 LR B i 1A
UREDIN PIE IO

3 FARGEIE LLD D625 26 AT 4 B i A K =2
JEHEAT . TR H AR 7 45T 14 K 38 A R s 5% 77 19 LLD /)N
T 1 em, T A s BAR R 25 8 L YR R 22
SRT 2 em I, A 2 HIHE F0 50 WAl B LA K 5
TR ARIGTT o %A 5B 2 7 5 3 52 B Ik A
B AR IR, S —FRBH R B A K F AR, M Stevens %
T8 FAIB, BHTZ 1 TL3E LLD FlUK M W% #93A
I7, BA BN B AR MEBE AR e R & A R AR A 5, 15 5
T 1R AN RIS U 525 3 B4 132 AT . SR T T R fig
TR, ARFTRE 7820 A S L I A A s o™ o Al i ik
AR IRYT LLD 9 —Fp 5, WIS Z 5 em ()
KA, T8 T AR I 4 T3 AS B A7 B 8 BEL A g s LT
YK P2 {EK S em W, AT LU A A1 ] 52 2255 1E W O ARl
WK AT IR o B FH A M 18] 58 25 8 2 — 2 Tlizarov
RS, A DL R K B 150 mm Ll B Curran

25 90T 1S I ) A K AR B B 2 1 TR T LAk, B S KR
BV L2 B T 2 N TR IE R AR &K e KA 5 K
PEME 45 . SR, Bue 2617 pWFSE SR , 0 A0 B 2 80407
5B B BHRIE AR E RIS A K. BB RAT I §E
PRFER: T2 AR T L9k 20 B A X 28 R ) Y Laufer
Y O RIFT R P R R TR T A e AR B R A Ak
SFIE LLD &J9F UMM o (02, o FHBE DI AT AL K BB 23
FERE R K AL T I R 76 B A BB AT, AR
2l = A e N i e U R N i 113 A B N N T -1
% LLD sl

rh T R BN A AT s 1 B R T i BEL W
FRHE AR B SRR, R R R KA B2,
I H AT 2 BN B AR R K AR YR Y LLD, {HXfF LLD
BILFARIGYT , LR A 5 SR TN I 28 22 5 R SR Wk & [
A R AE S 207 T A 2R B Bal A B LM FAR =,

() H S HER BN S T RASEKERT

HFARIRYT LLD BILHT, B 52 0 0 5 LB iR B
BT e 22 5 . LLD (193 BN AT 43 SAy 510 R4 e A e o A
B A KBRS . LSRRI A2 S5 v, M X 22 AR AN AR
KAt B RS, R MR B 5 A i R P 45 1 O R
FEAAE . a0, ARYE Paley BT, S22 5 0] LTSN 21
2SS BTAE I AR DI A L TR )5 R K 25 R
I 2 A A 32 45 AR R AR L T A ) A R R R R T B
FEOLARA /N X ST T d5 28 22 57 ) T 152 25 kA, i — L.
HAFEM(HZER 135 LZEFH 11 %), 5SKAX
B S MoK ST %, U T 205 SR AR v o X4 000 0L
A ZE R 2 em DINRT, AR BRTFIRIT A ZFAES om
PRI, PG Se e AR X 7 2 LRI 48 /0N 14 i [ A, T
[ A f R B A AR i R AL

HRY% White-Menelaus 1) & b 773, N5 & B iR, IR ¢
AR ER 1.5 em 3 4FEHAF 4.5 em 94K, 5 Me-
nelaus AN [A] {2 , Dimeglio 25 55 H 3 4 1T 44 J5 R A Y
A BRI R 2.5 A, SR 2 TN 114 J 0615 b T 4 A I 2 SRR B
HAF(2 em x2.5 4F =5 cm) . K, NEF R, 813 %0
SR TR BB W Ak A AR 3164 T R T B AR SE B K 5 em 1)
LLD #tif -

HRHE Dimeglio 25 iy B 57 45 5L, 76 9647 5 6 18 704
LLD B 4 Fa UL g5 30, HF7 AR B AL 43 501 Oy« T 0 o ¢
LLD 2254 5 om B, fE LB EE 11 5 B EFE 13 DT
JE 22 v I B 3 O P B A T s LLD 22520 4 em B, L
B 11,5 % B ES 13,5 2 BT B4 o R IR B 0 i
HIBRE S s 22590 3 em W 7RG BHE 11 2 B BRIk 13
2 B, AT IR 2 i R T s LLD 22 575K 2 em B, 78 &0 %
Hit 12 2 FEE W 14 2 8F, AT s I R e . T
FHEENE, FEHFRERSEORRERLPH 2.6 om k&
AEAESE 1AE BP0, BRI LLD 22 A R A
B R BEAE T A T 06 2 A AT o TR, LLSE B
KRR ZERAIE,



B oo Lshasas 2024 4 6 A% 23 %5 681 J Clin Ped Sur, June 2024, Vol.23, No.6

W
el
w

XETE A G R A B UG LLD [8 3, 20 W7, OF
BEATHF ARG IR R AT 23 A . NS % B0 R WIT i A —
B g mite g A 4, R AT DI R AR R T — IR, B
B9Y,ZJEHE 6 NV —W, HEB A AT # R
SR IO A A A T ) 8 2 o A T B

25 bRTid  LLD 835 B2 )7 AR A0 B e P VR R
IR Iy AR HATE T R Y 7 R R AR T
JBEHR X 2 BEATPRAE , G-P BT AE PR A THE e, ik
SERAEIR T . AR AT RS TR 9 2 bt R A
BRI ., B H B S R E BT R TR R
T 73, A AT 207 23 0 21 i 0 LA AR K B0
FRHEART T LA, (ELIIR A 7 = T 45 R doe A A v A TE I
— VLR R AT — P IRR BT R, R i ] £
AT 5%, 5 T AR Aok 5 v 0 FEOUORS B2 o MRS T A4
AR BRI 22 57, 45 5 UL BRI AE KO e i, X T8
FFAMRIT LLD B FARBHLA & HEH 18 1R
IR (LR e v EARUIEN

il 350 58
5 £ X W

[1] Gordon JE,Davis LE. Leg length discrepancy ; the natural history
(and what do we really know) [ J]. J Pediatr Orthop,2019,39
(6,Supplement 1) ;:S10-S13. DOI;10. 1097/BP0O. 00000000000
01396.

[2] Applebaum A, Nessim A, Cho W. Overview and spinal implica-
tions of leg length discrepancy ; narrative review[ J ]. Clin Orthop
Surg,2021,13(2) :127-134. DOI:10. 4055/ ¢ios20224.

[3] Waibel FWA,Berndt K, Jentzsch T, et al. Symptomatic leg length
discrepancy after total hip arthroplasty is associated with new on-
set of lower back pain[ J]. Orthop Traumatol Surg Res,2021,107
(1) :102761. DOI:10. 1016/j. otsr. 2020. 102761.

[4] Boeyer ME,Sherwood RJ, Deroche CB, et al. Early maturity as the
new normal :a century-long study of bone age[ J]. Clin Orthop
Relat Res,2018,476 (11):2112 -2122. DOI: 10. 1097/CORR.
00 00000000000446.

[5] Makarov MR, Jackson TJ,Smith CM, et al. Timing of epiphysiode-
sis to correct leg-length discrepancy: a comparison of prediction
methods[ J]. J Bone Joint Surg Am,2018,100(14) :1217-1222.
DOI:10.2106/JBJS. 17.01380.

[6] Sanders JO,Howell J,Qiu X. Comparison of the Paley method u-
sing chronological age with use of skeletal maturity for predicting
mature limb length in children[ J].J Bone Joint Surg Am,2011,
93(11):1051-1056. DOI:10.2106/JBJS. J.00384.

[7] Breen AB,Steen H, Pripp A, et al. Comparison of different bone
age methods and chronological age in prediction of remaining
growth around the knee[ J]. J Pediatr Orthop,2023,43(6) :386-
391. DOI:10. 1097/BPO. 0000000000002397.

[8] Chaumoitre K, Saliba-Serre B, Adalian P, et al. Forensic use of
the Greulich and Pyle Atlas: prediction intervals and relevance
[J]. Eur Radiol, 2017,27 (3):1032 -1043. DOI: 10. 1007/
500330-016-4466-4.

[9] Sauvegrain J,Nahum H,Bronstein H. Study of bone maturation of
the elbow[ J]. Ann Radiol (Paris),1962,5:542-550.

[10] Diméglio A,Charles YP,Daures JP, et al. Accuracy of the Sauveg-

rain method in determining skeletal age during puberty [ J]. J

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Bone Joint Surg Am,2005,87(8) :1689 -1696. DOI: 10. 2106/
JBJS. D. 02418.

Greene JD, Yu K, Li DT, et al. The relationship of olecranon a-
pophyseal ossification and sanders hand scores with the timing of
peak height velocity in adolescents[ J]. ] Bone Joint Surg Am,
2021,103(16) :1543-1551. DOI:10.2106/JBJS. 20. 01856.

Fry EI. Tanner-Whitehouse and Greulich-Pyle skeletal age velocity
comparisons[ J]. Am J Phys Anthropol,1971,35(3) :377-380.
DOI:10. 1002/ ajpa. 1330350313.

Zhou XL, Wang EG,Lin Q,et al. Diagnostic performance of conv-
olutional neural network-based Tanner-Whitehouse 3 bone age as-
sessment system| J]. Quant Imaging Med Surg,2020,10(3) :657
-667. DOI;10. 21037/ qims. 2020. 02. 20.

Thodberg HH, Kreiborg S,Juul A, et al. The BoneXpert method for
automated determination of skeletal maturity[ J]. IEEE Trans Med
Imaging,2009,28 (1) :52-66. DOI:10. 1109/TMI. 2008. 926067
Breen AB, Steen H, Pripp A, et al. A comparison of 3 different
methods for assessment of skeletal age when treating leg-length
discrepancies : an inter-and intra-observer study[ J]. Acta Orthop,
2022,93.:222-228. DOI:10.2340/17453674.2021. 1133.

Koc U, Taydag O, Bolu S, et al. The Greulich-Pyle and Gilsanz-
Ratib Atlas method versus automated estimation tool for bone age :
a multi-observer agreement study[ J]. Jpn J Radiol ,2021,39(3) :
267-272. DOI;10. 1007/s11604-020-01055-8.

Zhang J,Lin FQ,Ding XY. Automatic determination of the Greuli-
ch-Pyle bone age as an alternative approach for Chinese children
with discordant bone age[ J]. Horm Res Paediatr,2016,86(2) :
83-89. DOI:10. 1159/000446434.

Oza C,Khadilkar AV, Mondkar S, et al. A comparison of bone age
assessments using automated and manual methods in children of
Indian ethnicity[ J]. Pediatr Radiol ,2022,52 (11) ;2188 -2196.
DOI:10. 1007/s00247-022-05516-2.

Maratova K, Zemkova D, Sedlak P, et al. A comprehensive valida-
tion study of the latest version of BoneXpert on a large cohort of
Caucasian children and adolescents [ J ]. Front Endocrinol ( Lau-
sanne) ,2023,14:1130580. DOI ; 10. 3389/ fendo. 2023. 1130580.
Widek T,Genet P,Ehammer T, et al. Bone age estimation with the
Greulich-Pyle Atlas using 3T MR images of hand and wrist[ J].
Forensic Sci Int,2021,319:110654. DOI: 10. 1016/j. forsciint.
2020. 110654.

Prokop-Piotrkowska M, Marszatek-Dziuba K, Moszczynska E, et
al. Traditional and new methods of bone age assessment-an over-
view[ J].J Clin Res Pediatr Endocrinol ,2021,13(3) :251-262.
DOI:10.4274/jcrpe. galenos. 2020.2020. 0091.

Khan KM, Miller BS, Hoggard E, et al. Application of ultrasound
for bone age estimation in clinical practice[ J]. J Pediatr,2009,
154(2) :243-247. DOI:10. 1016/j. jpeds. 2008. 08. 018.

Yuh YS, Chou TY, Tung TH. Bone age assessment: large-scale
comparison of Greulich-Pyle method and Tanner-Whitehouse 3
method for Taiwanese children[ J]. J Chin Med Assoc,2023,86
(2) :246-253. DOI:10. 1097/JCMA. 0000000000000854.

Yuh YS, Chou TY, Chow JC. Applicability of the Greulich and
Pyle bone age standards to Taiwanese children: a Taipei experi-
ence[ J].J Chin Med Assoc,2022,85(7):767-773. DOI:; 10.
1097/JCMA. 0000000000000747.

Gao CC,Qian Q,Li YS,et al. A comparative study of three bone age
assessment methods on Chinese preschool-aged children [ J]. Front
Pediatr,2022,10:976565. DOI : 10. 3389/ fped. 2022. 976565.

Kelly PM, Diméglio A. Lower-limb growth: how predictable are
predictions? [J].J Child Orthop,2008,2 (6) :407 -415. DOI.



594 -

[27]

(28]

[29]

[30]

[31]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

bR LSS 2024 4 6 A 23 5% 689 J Clin Ped Sur, June 2024, Vol.23, No.6 [ ENENGNNRNGD

10.1007/511832-008-0119-8.
Anderson M, Green WT, Messner MB. Growth and predictions of
growth in the lower extremities[ J]. J Bone Joint Surg Am, 1963,
45-A:1-14.
Menelaus MB. Correction of leg length discrepancy by epiphysial
arrest J |. J Bone Joint Surg Br,1966,48(2) :336-339.

Moseley CF. A straight-line graph for leg-length discrepancies
[J].J Bone Joint Surg Am,1977,59(2) :174-179.
Beumer A, Lampe HI,Swierstra BA , et al. The straight line graph
in limb length inequality. A new design based on 182 Dutch chil-
dren[ J]. Acta Orthop Scand, 1997 ,68 (4) :355-360. DOI; 10.
3109/17453679708996177.
Shahrestani S, Makarov MR, Jo CH, et al. Comparison of Moseley
and Rotterdam straight-line graphs in predicting leg lengths and
leg-length discrepancy at maturity [ J]. J Child Orthop,2019,13
(5) :536-542. DOI:10. 1302/1863-2548. 13. 190086.

Paley D, Bhave A, Herzenberg JE, et al. Multiplier method for pre-
dicting limb-length discrepancy[ J]. J Bone Joint Surg Am,2000,
82(10) : 1432 -1446. DOI: 10. 2106,/00004623 -200010000 - 00
010.
Jauregui JJ, Hlukha LP,McClure PK, et al. Multiplier method for
predicting the sitting height growth at maturity : a database analysis
[J]. Children (Basel),2022,9(11):1763. DOI:10. 3390/ chil-
dren9111763.

Sanders JO, Karbach LE, Cai XY, et al. Height and extremity-
length prediction for healthy children using age-based versus peak
height velocity timing-based multipliers [ J]. J Bone Joint Surg
Am,2021,103(4) :335-342. DOI; 10. 2106/JBJS. 20. 00040.
Birch JG,Makarov MR ,Sanders JO, et al. Lower-extremity segment-
length prediction accuracy of the sanders multiplier, Paley multipli-
er,and White-Menelaus formula[ J ]. J Bone Joint Surg Am,2021,
103(18) :1713-1717. DOI:10. 2106/JBJS. 20. 01923.

Birch JG, Makarov MA, Jackson TJ, et al. Comparison of Ander-
son-Green growth-remaining graphs and White-Menelaus predic-
tions of growth remaining in the distal femoral and proximal tibial
physes[ J].J Bone Joint Surg Am,2019,101(11) :1016-1022.
DOI:10.2106/JBJS. 18.01226.

Burger K, Farr S, Hahne ], et al. Long-term results and comparison
of the Green-Anderson and multiplier growth prediction methods
after permanent epiphysiodesis using Canale’s technique [ J]. J
Child Orthop, 2019, 13 (4 ) : 423 - 430. DOI: 10. 1302/1863 -
2548.13.190024.

Shapiro F. Developmental patterns in lower-extremity length dis-
crepancies[ J]. J Bone Joint Surg Am,1982,64(5) :639-651.
Aird JJ, Cheesman CL,Schade AT, et al. Validation of the multi-
plier method for leg-length predictions on a large European cohort
and an assessment of the effect of physiological age on predictions
[J].7J Child Orthop,2017,11(1) ;71 -76. DOI.10. 1302/1863 -
2548-11-160084.

Vogt B, Gosheger G, Wirth T, et al. Leg length discrepancy-treat-
ment indications and strategies[ J]. Ditsch Arztebl Int,2020,117
(24) :405-411. DOI:10. 3238/ arztebl. 2020. 0405.

Gurney B. Leg length discrepancy [ J]. Gait Posture, 2002, 15

(2):195-206. DOI:10. 1016/50966-6362 (01 ) 00148 -5.
Vitale MA, Choe JC, Sesko AM, et al. The effect of limb length
discrepancy on health-related quality of life:is the ‘2 cm rule’
appropriate? [J].J Pediatr Orthop B,2006,15(1) :1-5. DOI;
10.1097/01202412-200601000-00001.

Jankaew A, Chen SJ,Lin CC,et al. Impact of bilateral motion con-

trol shoes with outsole adjustment on gait asymmetry in individuals

with mild leg length discrepancy[ J]. Gait Posture,2023,103:80-
85.DOI:10. 1016/]. gaitpost. 2023. 04. 023.

[44] 3V, 7% BRT L, 55 8 AR MG e BELI 78 JL 3 N BN S5

TR NIRRT [T ] I PR/ LSRR 2%, 2020,19 (1) 159 -
62. DOI:10.3969/j. issn. 1671-6353.2020.01.012.
Xu P, Ning B, Chen YF, et al. Efficiency of temporary he-
miepiphysiodesis with eight-plate in children with lower limb dis-
crepancy[ J].J Clin Ped Sur,2020,19 (1) :59 -62. DOI: 10.
3969/j. issn. 1671 -6353.2020.01.012.

[45] Koczewski P, Zaklukiewicz A, Rotter 1. Leg length discrepancy
treatment with subtrochanteric shortening osteotomy and blade
plate fixation[ J]. Ortop Traumatol Rehabil,2014,16 (4):371 -
380. DOI:10. 5604/15093492. 1119614.

[46] Curran AR,Kuo KN, Lubicky JP. Simultaneous ipsilateral femoral
and tibial lengthening with the Ilizarov method[ J]. J Pediatr Or-
thop,1999,19(3) :386-390.

[47] Bue M,Bjarnason AO,Rélfing JD, et al. Prospective evaluation of
pin site infections in 39 patients treated with external ring fixation
[J].J Bone Jt Infect,2021,6(5) :135-140. DOI.10. 5194/jbji-
6-135-2021.

[48] Hafez M,Nicolaou N, Offiah A et al. Femoral lengthening in chil-
dren-a comparison between magnetic intramedullary lengthening
nails and external fixators [ J]. J Pediatr Orthop,2022,42 (3):
€290-¢294. DOI:10. 1097/BPO. 0000000000002039.

[49] Radler C, Mindler GT, Stauffer A, et al. Limb lengthening with
Precice intramedullary lengthening nails in children and adoles-
cents[ J]. ] Pediatr Orthop,2022,42(2) :el92-€200. DOI: 10.
1097/BP0. 0000000000002016.

[50] Nasto LA, Coppa V,Riganti S, et al. Clinical results and complica-
tion rates of lower limb lengthening in paediatric patients using the
PRECICE 2 intramedullary magnetic nail: a multicentre study
[J].] Pediatr Orthop B,2020,29(6) :611-617. DOI:10. 1097/
BPB. 0000000000000651.

[51] Laufer A,Frommer A,Gosheger G, et al. Antegrade intramedullary
femoral lengthening and distal temporary hemiepiphysiodesis for
combined correction of leg length discrepancy and coronal angular
deformity in skeletally immature patients[ J].J Clin Med,2023,
12(8) :3022. DOI:10. 3390/jem12083022.

[52] Calder PR,McKay JE,Timms AJ,et al. Femoral lengthening using
the Precice intramedullary limb-lengthening system: outcome com-
parison following antegrade and retrograde nails[ J]. Bone Joint J,
2019,101 -B(9): 1168 - 1176. DOI. 10. 1302/0301 - 620X.
101B9. BJJ-2018-1271. R1.

[53] Duffy KA, Davidson RS, Kalish JM. Understanding syndromic leg
length discrepancy[ J]. J Pediatr,2021,234.16 - 18. DOI: 10.
1016/j. jpeds. 2021.01. 076.

[54] DiMeglio A,Canavese I, Charles YP. Growth and adolescent idio-
pathic scoliosis; when and how much? [ J]. J Pediatr Orthop,
2011,31 (1 Suppl): S28 - S36. DOI: 10. 1097/BPO. 0h013e
318202¢25d.

[55] Willegger M, Schreiner M, Kolb A, et al. Epiphysiodesis for the
treatment of tall stature and leg length discrepancy[ J]. Wien Med
Wochenschr,2021,171(5/6) :133-141. DOI:10. 1007/510354 -
021-00828-8.

(%A% B #7:2023-12-10)

A5| AR R, . L BT E S AR R B AE S
I ERIGST IR ST [T ] s R/ LA 2R, 2024, 23
(6) :589-594. DOI:10. 3760/ cma. j. cn101785-202312022-015.
Citing this article as: Jiang ZX,Mei HB. Research advances in the
treatment of leg length discrepancy guided by bone age assessment
and growth prediction in children[ J].J Clin Ped Sur,2024,23(6) :
589-594. DOI:10. 3760/ cma. j. cn101785-202312022-015.





