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Abstract

Objective: To investigate the clinical efficacy and safety of distal femoral shortening osteotomy
(DFSO) combined with patellar tendon advancement (PTA) in the treatment of severe knee flexion
contracture and crouch gait in patients with cerebral palsy. Methods: A retrospective analysis was
conducted on the clinical data of 22 children with cerebral palsy who underwent DFSO combined
with PTA at our center between November 2019 and October 2025. All patients were classified as
Gross Motor Function Classification System (GMFCS) level III, with a mean operative age of 13.41 *
2.79 years, including 13 males and 9 females. Preoperative and postoperative knee flexion angle,
pelvic tilt angle, and gait kinematic parameters were compared. The correlation between angle im-
provement and clinical factors was analyzed. The mean follow-up period was 58.5 months. Results:
Postoperatively, the maximum knee extension during the stance phase improved by an average of
25.21° (P < 0.001), with an average increase of 7.83° in the pelvic tilt angle (P < 0.05). The magnitude
of angle improvement was positively correlated with the preoperative flexion angle and negatively
correlated with the postoperative residual angle. Improvement trends in the Gait Deviation Index
(GDI) and spatiotemporal parameters were observed but did not reach statistical significance. No
serious complications such as nonunion or nerve injury occurred during the follow-up period. Con-
clusions: DFSO combined with PTA effectively corrects severe knee flexion contracture, improves
knee extension function, and reduces compensatory pelvic anterior tilt. The procedure is safe and
feasible. Surgeons should pay attention to postoperative pelvic posture changes and reinforce re-
habilitation training to optimize long-term gait recovery.
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PEAR DS R R R e B L WL — DS e, AEXUREE AL b e g MY o DLSCHE I SR i
HiT, P G R BRSO A 1]-[3]. TR R A S VU SK LG 1 IR gE LR 2R 5
LU UM R [2] [4]. KIS E P S il — 0 SEUNS NS EOCTT e th 2247 J B 2w 55 48 K Pk
B, T R TE R [2] [5]

X T Y Rl 5 A e T 1) 2 R R o, SR Al TR AIR, B I H T F AR B EEFE[6] [7]-
Ji2 B 326 v it F& 4  AR (distal femoral extension osteotomy, DFEO)2 H A llG AR # FHAR I,  BeA Rl g oe T
i J14:08] [9]. SRTT, 1ZARAER: IE ™ = M JE I [ W KBk mTRe R 2 S BUHE &, KA #
29 10% [10]-[12]. HEAb, ARJERTREINE B AT, 520 AR SR [9] -

J% F5 326 i 4 4 (e JEE 88 R (dlistal femoral shortening osteotomy, DFSO)ifH i #5555 46 75 SE L TE 1 [ i
AR 25Kk 77, N FEm T g SR 4L T a7 Bk . Park SE[13]MAF 7] DFSO BX& #ifli T
(patellar tendon advancement, PTA) §& i 2 B505 8 5C 15 D g HLAH 22 9 SORE KU BUIS, (HAR G BB S E A
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2. ZINEH*E
21, — AR

KRR FEZE R UE (IR B B 5. KYLL202510743). fiTd B 8 is HIRE . 70K
F T E R B 438, 40N 2019 4F 11 H %% 2025 4 10 H #A#H:5Z2 DFSO B A PTA FARIAYT 1 i 25 4
PR Lo FTA I8 FF & M T A e, A% 0 F AR TR AR 4 B BRI T 00 5= (1 AR O 1% 11 5 ekt 1 2245
J& 35°~40° 2 [A] o Y NARHEELR B8 ) LG Bofz 22 BUIRE IS Wbt , 4F8% 6~18 %, 1 KI2 3Ty 6e 7 2 (Gross
Motor Function Classification System, GMFCS) I~I1l 4%, f77E>35° 1) il 52 48 JiE i 224 (- S AR D3,
HRGRTIRIT > 6 MHBRAE. Hprl R RFEFIUTERBECT R FARE: &It
IFHER AN GR EE BR B R, BEEE25d SDR BT BER R P IR E KRBT ARE, A
0T 6 N H NESZ AR R R0 A R R S R I R N RREOR s DL B U7 B R e BT AT
ROVPAG o 0 A i, % 22 ) GMFCS NI G BB LA N e o0 hr, Hop 531 13 4, Zetk 9 i, TR
WP 13.41£2.72 % o FEIAASZ 5 16 ], 4500 6 191 ARJSBE VI ] 35~79 /N, ~F-¥Bf 17 i [H]
585 /M. BT BJLHE —EITBIAGEBATT, IRIKSGEBF TR e 8. — MBI % 1.

Table 1. Patient demographic and clinical characteristics

=1 BERER

R4 FEARHE(n = 22)

FH(%) 13.41+2.72

AHTHEEC) 36.73+2.24

ARIEFAE(C) 11.00 +2.34

UNER (@) 25.73 £ 2.65

B AT () 7.91+0.95
P

'y 9 (40.91%)

-5 13 (59.09%)
Syl

el 6 (27.27%)

e 16 (72.73%)

22. SEIFRER

T FAREEAEE A S22 305 BN U RN E R, B fREOR — . DFSO FAK I brER
PR v AMI N B [14] [15], FeieBomr B b XK. ARHTEE T ub A TR X 2 AR il P At IS i ALl
SHERZ, VP MRIBAET TR . RSB b PR R4 4 B BRIV T Sl (0 [ 52 i i A B, A ik 507 0)
Br—MERERIBCE B LA, HIE R KN & AR . X B A A i AL S e T s
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ANRE ST 1 R 3 A 5 1% 5 4 (o LI U0 8 53 1y 1 IR 28 30°~35° (K AR RV, - [] A ff (B 0%
TR, AR T ARG AR A . A 22 51 /) L8R P I 32 i g #5070 Py B A HEA T 22 [
HIPS I E o PTA T AR 21 3 o A AR A P B RS R AR 3 i AR RBOR A & 8 L(n = 17),
SR HIOR B B R B T 0~ HEBEBOR s 0 T AR P& IR L (n = 5), SR AT I 4571 B DA
BERSALA, J LU R AT T SE A o MRAE LML TG DL, 50709 B[R Se it 1 4 Bh TR (0 L% 2),
P TRV TR Z 2R HlE. FAREIAWIE 1, RETAEX R A 2.

Table 2. Concurrent adjunctive surgical procedures (n = 22 Patients)

# 2. RSB FARERN =22 BE)

fhhFAR I BB W R AR R

PRI IERCA 16 28

PISCTLA AR 15 26

EESIRISISN 8 12

HEL VIR 2 N 2 2
BRI AR A 5 7

. A EE AR ML BT R

—

“ ( a I T
() WA AR TR Shrid: (b) BB g e skt (c) BEFrRWNEE.
Figure 1. Distal femoral shortening osteotomy (DFSO)
1. BERmEESEAR

(a) RATEE FIARPRIREE: () AJEEH FL OB FIRE.

Figure 2. Preoperative and postoperative comparison
B 2. REIARGXTEEE
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23. RERERR

PITh BRGNS — B IbrHERL . 2B BURE R, RJ5 0 2= 6 B ), BB IKHEA B2
[ 52, e A T AR A BRI B AR ER sk e, R b AT BB SO IR TN 25, FF4 A
TR B BRI K B S R . RJR 3 6 A2 3 HAWrB ), HRkia s, EHOVATH R SCR; £
REEIGITINE T T, JFUGEAT Eah B IR OTTES EENZR, IFIRIE R A BB T 5200, B
i R e AT E. K5 3 E 6 MAITEE), MEKOLHE AN EL, BRIk
KWAEARE S B REATOIRLIZR, FERD SIS ST 2R, B0 ETT UL RSP H
ke AJ5 6 AT LUSETBIY), NMET BB DIREME NS XS, WARRRERERG. F RS
RS, HeUhEFES SHXNIDATES, Dt DRI gz . W54 E.

2.4. T MbFESIERR

24.1. BEEIMANE
TRAT AR IKBEVTIN, AR SN T 5 78 X 6. 18 X 6 by 58 SCE 2R A XU i g =k
s BB SEE T G I L R E A, B PIRLAS R 7 ZE R 10 ) v A R [ g o7 ) S BT A M

2.4.2. BEESh

A 5K VICON MX =4E28h 081 2408 G A 4MRA% L, 100 Hz RFEEAIZR) ST AnEAL 5 &5 s
KA. TEREIEER Plug-in Gait A4 /15458, A —f7 B 10 4 UL L& i 7 ) Lk R R i s
HECE 15 M ROEhRE . BEERER, ZORE)LLLAR. FFHEMEE R ETE, REZEDLSAE
ROLE B EIMESE . TG 2sh8di 4t 6 Hz B IEI AN 5, ATt B, SRS e A it
H B AR IS B A AR
2.5. Geit o

KH SPSS 26.0 Guit B AT B /b TR BTRIF A IES A #H LIE £ iEERR. RATSA
J& B TR BR IR EG, AR IEZS PEAS IS (Shapiro-Wilk #a56) 45 5, % RO AR A t #5565k Wilcoxon 55 FkAs
5. BT SiHR I AU LS, LA P <0.05 INAE R BH G225 .
3. FR

WIRTIR, Z06kiE, FraMATERK 22 5 B# GMFCS %108 1 9. FT B2 FARN4ER (13.41
+2.79)%, HA 5 134, % 9%, R/GEEUINAVERE -y 35~79 N H, “FBa I A 58.5 N H, 7EARJ5BE
Vit AR AR R B AN E B A ThRE 2 S B I RORE . IR i M 2R 45 P03 T 25.73° + 2.65°, Hk
HH A S 248 7.91° £ 0.95°. TR AT G et i 4% 3.

Table 3. Preoperative and postoperative comparison

*® 3. FAREIRENERR

FARHE A A
ARHETHAE(C) 36.73+2.24
RIGHE(C) 11.00 +2.34
it 44.508
P 1 <0.001
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BATRH B 7Rk iib(Pearson) i 7 /K %2 (Spearman) 1 1 7K (Kendal 1) FH G A4S 56 3 B A S 1 71 e it £
FE G FE 5 B RAR B 06 R (LK 4) 0 45 R R AR S # FE ot B 5 535 1EAH OC (Pearson r = 0.554,
P =0.007; Spearman p = 0.592, P = 0.004; Kendall 7 = 0.471, P = 0.005), AJ& %5 M o 2 85 3% 7
2 (Pearson r = —0.602, P = 0.003; Spearman p = —0.617, P = 0.002; Kendall r =—0.505, P = 0.002), #&/~AH][
Wa 4 B ELA J5 1 78 43 (0 AR 38 R4S S B R M FE O o A, MRS AR R O R TR AR AR B A O
(Pearson r = 0.508, P = 0.016), 2 PEE#H SEEIRER K. FRARMUA . B0 RFER S MR GE 2 )
A AL gt i 27 X (P #1>0.05).

Table 4. Correlation between postoperative improvement in knee flexion angle and clinical variables

T4 REBRXTLEMAENEESEIRATEN XA

R, &ﬁﬂ &ﬁﬂ ﬁﬁ&ﬁ;%%é& ﬁﬁ&ﬁ;%%é& ﬁ{ﬁﬁ ﬁf’%ﬁ
FHIERHL X P A AR R MK P A FHIGRHL AH% P AH

BRI () 0.008 0.971 0.017 0.939 0.037 0.834

e 0.508 0.016 0.492 0.020 0.425 0.024

bl 0.371 0.089 0.316 0.152 0.273 0.147

I (2) -0.003 0.988 0.014 0.952 -0.005 0.977

ARHTAEE(C) 0.554 0.007 0.592 0.004 0.471 0.005

VNEYA@) -0.602 0.003 -0.617 0.002 -0.505 0.002

RETER G EFIBENFSHM L R WAL 5. ARJ5 B3 12025 2 18 #(Gait Deviation Index, GDI)
BRI {IK(58.68 +£11.29 vs 52.08 £10.08), # 7 u4tit 2= (P =0.105), #/nHEdbBSBRAERE AL
M3, AT E (74.74 + 26.66 cm/s vs 75.25 + 24.21 cm/s, P = 0.961) F12545i(106.27 + 18.65 ¥/min vs 99.10
+25.34 X/min, P =0.421)8RFIZ RN LG FR X, W TR G E#E 47872 Lz shia e AR
FF—3.

NS HO7H, 2N Kl 34.31%88 i % 36.26% (P = 0.201), 5K 1 47.69 cm [% % 45.96 cm
(P=0.650), ZFITLLIE N, FRFARIGEE FRE DS DR SRR .

FENIUATEAM AR 3 2 B0 T, B M 17.66° 14 % 18.68° (P=0.758), SRR ERIHHES, Mix
5 JE M A B 10.17°F% % 8.55° (P =0.137), MRS JE M A1 FE i 60.86°[4 & 48.84° (P=0.244), BT
HH 28.44°1 % 31.58° (P=0584), ¥ RE/REEZER . REGIIE EREEZKT, B EihE T %L
12° AR AR I PR b 7T i S Bt A J I 5 1 A 428 il e 70 1R 5

Y, BAMAEH 959 A 13.07° (P = 0.319), ERERIHU-AY,; BT M 48.66° 1 %
54.03° (P = 0.186); &Y 1 /i 1 48.86°F4 %= 39.96° (P = 0.073), SFLH A JE thm /D #ash . %L B A
KB R FE VK, HSFARFBIC R RERI G 5807 M — 2, $on BE AP ISCHEN BN A E 5 PE
R 14 T B i i

TEARMASCHE R AR, H 7 B RO IZ 3 = S U AR AT B34 k(P > 0.05), ##RTF
ARG BEEDE RN T E N SRR E .

SRS, ARJE BB R4z & 2 A 7 T R I — e e %, M. B igs)
AN REZHARNRE R ARIE G = WK, HBEEHEF R, Rz REE
MR A 51 3 R 7 A5 ThD B AR VB AE AR ARAE
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Table 5. Comparison of preoperative and postoperative gait kinematic parameters
5. RAISRESTENFSHILLER

Ei=tan ARHE((¥IME +SD) ARJE(FME +SD) P 1Y
B MR 58.68 + 11.29 52.08 + 10.08 0.1048
SBATIEFE (cm/s) 74.74 £ 26.66 75.25 + 24.21 0.9612
A5 Imin) 106.27 + 18.65 99.10 + 25.34 0.4209
FEEN I K (%) 34.31 +4.08 36.26 +6.17 0.201
A (ecm) 47.69 +10.81 45.96 + 9.55 0.6499
W0 FE b S 26 A 17.66 + 6.88 18.68 +6.97 0.7583
WIAG A AR OGS 1 10.17 +£3.33 8.55 + 2.85 0.1372
WG A AR OGS 1 B 60.86 + 23.39 48.84 +20.89 0.244
IR AR OGS M 28.44 +12.20 31.58 + 13.61 0.5837
X EYE S AE 9.59 +9.93 13.07 +£7.95 0.3185
TR SO TT A 48.66 +12.81 54.03 + 12.08 0.1856
LA EL ) S 48.86 + 18.10 39.96 +13.54 0.0733
rh S ARG A 16.42 +10.58 19.99 + 11.06 0.4459
AU SCAE A 2 A 10.80 + 6.72 11.41 +6.54 0.8146
R By S 4 SRR OGS A 14.10 £ 9.53 14.82 £ 12.54 0.8727
R i S AE IR OGS B 46.19 +£22.78 50.45 + 19.46 0.4363
AR i SCHEBROCTT A1 4.84 +16.18 4.13 £16.38 0.8786
SCHESIRE T e oK it A 66.32 +21.22 65.94 + 14.72 0.9483
SCHEIBE T /0N et A 34.44 £17.76 44.38 +21.77 0.1678
PR T B R A 61.22 £9.78 53.54 £ 15.72 0.1338
FRBN AT iR/ A 30.76 + 9.05 27.88 +11.84 0.5075
SCHESRIBE I T v 27.75 £ 9.53 21.80 +10.64 0.0463
EE L) S R e 25.78 £ 16.25 27.49 £ 10.94 0.7583

4. ¥1ig

AFFANN GMFCSITIZ 22 R £ )L, 45 R om A S IR T e M 2R 40135 2403 25.73° ‘B 2 At
FFE3E N 7.90°, BEVTIAIR AR I AN B S B SR ORI R . ARG SRR, AR TESR IE R
WA 5 T LB W T RS RF e Atk . SEEAEERMILL, DFSO K PTA B —Eft# . Paliaga %:[2]4:id g
th, DFEO BX#& PTA R BGERCT R RIE 3 F25, MAHE 7K H ) DFSO £ SEILAH [FE 7 B AR
IR, I B A A A RIS T A5 Gt DFEO W] BE AT SR A 28 ML AR R ARG o 3% — 2 ARRE mi6s T[] 52 J
W T ) GMFCS I 8 LU N B, PO AR A A A 58 B B A B SR i A 22 5k ) 3
Geisbusch 25[8] 1) F IR AL G AW 45 R —8, UESL T I T s REA PTA 759 HE D &5 1
HRIRCR
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AL R N, DFSO BE PTA REA R0 IF 5 B OCT i 2B 46 (P 2 25.737), HARHIL™
HIRRE, RFZARNIES WA RS R, RERTSHSERE, BAObAThae(
GDI. BATHESR)IERFED T, X —FEIRME, T GMFCS I &%, /R TE5HFIEA 2L
SCHLTHRE SRS, HARA G NTE T AR R i WL T RE SR . LR R 2 FELAS Th R 5% 10 A AZ O PR i [
. ZWHFIESE, GMFCS NI R IR IVEEAAE) 2 HNE Sy, Hol. B LIGAE )46 53
KT HBURE JLE[L6]. BT, RGN E 0 A SGE 00 T ISTE I EY 1551k, (HEE
BHENIIAR, ToiEr=HE R (0 SCHE 1A S HEDE 7RG A X —Hi i I4k, Wiit SBCER DB EER
WAEF .

AW FAREENL I — 0 e T DA AR A R SR DR o A=) ) A BRI E [ 17 B, FERE . A
WA RS BL T, SR o i 3900 & 2w S A2 SRS A Rp B0 AR e STk &, X5 AR hAR
JE AR FEE I R S BERG . S REEIFETFRERG R, MEBREEEGUAREE ST, A
Y& S HT IR M A B A ) T3 R IS U S T RIS BRI R RS . AR SR IR R T ) N SR A
TAHGET . ST RS, RGHEEDIEERAL G TSI E IS, Bz o&eg: V5
B HIAT IR . FETIBUEIER S5R [18], 55 TR R sk fE (1 f I R v o2 o e ) L 3238 30 T
REMA BTt . DR, BEXAH S0 B E AR, ARG REE RIS S SR HE . . B LIEIE /)&
Wk, RN R NIAES R R EgRS], (RENLU K m DI Re R 554, SIS # o 3 Th RE 3R
MEskk. 25 b, GMFCS NI g [l n™ ENUIK T Kb s] K E Rk, 253 DFSO BtE
PTA R J5 451 i3 To 1A R A N B AP S DI Re S THROMRA SR R o AR VR YT SENE SIoR i “ 255~
5 “THRERER” JHE, TERSUEFRIVER b, IR TR e I 5 Thasdlge, inl s
LiESEON LA YN G

XFARGEE ARG, SR U RS HENUEZE . S ULIE SOV 4R I DR A
JULHE IR 70 5 RS5O [4] [19]. FRATTIA X T B s T #5 A IURE 1A 0 B 2R A, R i) 2 0 e UL 22 5 e
WA TG ) Z B RS A AR FAE o A, Bl Fadi ol e S 80, XU I IE 28 LD se i K, 1 PTA
FESEG AR R 00 A (RN, R AT B3 MR T 2 S S P AR A e . DRI, R T A PR UL VPAS
FNA SR 1 B 22 BN ZR AT R A

FASME AT s, AR pH A 5 o e S 0 3 IR MR OGR4 A 5 S 2 A O
PERA BT B H AR S (BB 78 70 #07 BOBEE . FFEHR . R AT M 248 F2 2 nT /R AR I 0 A48 B 1)
BT FEAR[20]. HLT LA T ] KR SR MR & SR RZ A [H 3R [2] . SATT, GDI AR &2 2iest, e
GMFCS Il &)L REsh DhRetn FE EA K. BN AR, B—F 2K FEIMFF R (Single-event
multilevel surgery, SEMLS)J5 5 & R B TH 5 GMFCS &3 M 5e, 1~ B H ks g, I g
TR R[21]. BFFCELE 10 ERAVTHFFC R RIL, SEMLS oM g Kb A5l T K e fr, (H35
BH TN T CAGERRT R [22] -

RHFFEAR WEAE A EIFRAE . 1X5 Park S5 [13]1 XS I & JL1T DFSO + PTA [¥1+411]
BEVIRE T o, iR A S G R R AU R, HEERHR S ARG & AT ig m s o, A
HORABREAE, TR AVEMZ B0 1A T8N R 4 A B 7 A5 3 G A TR AR AR I RRE 1R 7] IR P
SRR S5 . Watts 55[23] PTA ARG RLOIE: Hif B ) 8 i 5 58 B 2 LA 9 XU, AL A 2H 95 191 v ok
M8 M S RE, AT A5 AR RS2 A B R B RS AR A 5

UbAh, AHE T A B BRI T 2 AR R AT R (R 2), X AT RE R R AR D)
Resh M 7 —E BRI R . AL 5% S 140 Bh T AN R LE K AR (16122 11)-5 P SOTLRA A (15/22
Bl). XEEFRBEWFMIE FEZ P Z2XRTNEE0RTE, HAG MR R SEMLS 1)
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WIS L B [2] [7]. SR, MO R S AR5 I8 KA R SR SO 28 SRR I I, B mT e
IS B AN M SRR T T AR 0 2 2 S LA AR SRRt S (2] o 9, R A KA 5 RS e ) R
I RE ELHR I 59 B IR HERE 77 WSO IR 4 JUL AR SE A U T BE SN L - BSOS YT R0 17 5 SRR T A RE
[4] [19] LKA ERPAXAI A RGAEAR G FRHE N 5B e X TR Az sh D) Re
CHAZ B GMFCS N LI 5, [ 138 B2 ] S (6 £ I M e 22 JUL A 22 S 1) 538 B oL 75 7T g
JE N HE HANSE 42 [1] [3], SR ERVF B3 AR T D9 T HE 5745 1)) 8 45 A4 50 R B U A N B AR A 2 MU
WESETE . ARRKIBE T e ZOE L RS, DR A R B TR B X iR 2 Th RE 4 SR Y
B

BT B LT T, A RE IR Hsk = A, SGitDhRTREA L HIk, AWFFmEyn
AEE Yy GMFCS I 4, XA B TR AT S DhBERRASHEATF Il 4L 5 stk (HERATRETC
IEHE]T 2 GMFCS | 8 1 8 DA E TIash 228, REG N 53 /1548, HELLAi
WRLHE B R e B AR AL AL . AROR NI 2 O TIEVERT T, SIA=4EP 530 %0, MATE) 2
TR i NRAE AR A EENE, I 4% GMFCS 702 R0 R Ja 25 SR A

25
i P IR B e
1 & SRk A A

RPE: EEICE. Gkt VTR, XIS REERUE . BORBUMRL SR BRYESS . TR
PR RIS 155 3 AT BORBIM RIS R £HMH: RESE. CES R, 185 SKRFETTR.

B

RS YRR B 4o S P IR o S J B RIS 4 3 K 528
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