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Analysis of the plantar pressure in children with unilateral
developmental dysplasia of the hip following Pemberton’s
pericapsular osteotomy at early age
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Abstract: Objective To investigate the changes of plantar pressure distributions in children with the unilateral de-
velopmental dysplasia of the hip (DDH) who underwent the Pemberton’ s pericapsular osteotomy (PPO) at early
age, so as to provide valuable references for clinical therapy and rehabilitation of such patients. Methods Eight-
een child patients who underwent PPO before 4 year-old were selected as the PPO group, while 18 healthy chil-
dren at the same age with normal feet were selected as the control group. Footscan system® was used to meas-
ure the plantar pressure of these subjects during walking. The parameters, i. e. contact area percentage of the
total foot contact area (CA% ), pressure-time integral ( PTI) and contact time percentage of the stance time
(CT% ) in both PPO group and control group were compared to evaluate changes of the plantar pressures during
walking. Results Compared with the sound limb in control group and the unaffected limb in PPO group, the af-
fected limb in PPO group showed higher PTI in the 2™ to 5™ toe zone and lower PTI in the medial heel zone. The
affected limb in PPO group had a higher CA% in the 4™ and 5" metatarsals than the unaffected limb in PPO group
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and the sound limb in control group, and a lower CA% in the 1* and 2™ metatarsals than the unaffected limb.
Compared with the unaffected limb in PPO group and the sound limb in control group, CT% of the affected limb in
PPO group increased in the forefoot push-off phase and decreased in the initial contact phase, and the total con-
tact time of the affected limb was shorter than that of the unaffected limb in PPO group and the sound limb in con-
trol group. Conclusions There exist residual plantar pressure deviations during walking in DDH patients following
PPO at early age, thus a longer period of intensive rehabilitation may be required to change the residual abnor-

mality.

Key words: Developmental dysplasia of the hip (DDH) ; Pemberton’ s pericapsular osteotomy ( PPO) ; Plantar

pressure; Gait analysis; Biomechanics

KB M 2T A7 ( developmental dysplasia of
the hip, DDH ) {5 — R VNI K F 75 BB
A2 o v = IR 22 N = S S R ey
A7 7 R 6 S OE FT R EAS RER
BESCTT LA o HRTAS EHE A9 DDH &k % AL
FHIR S o] A AE b B B 5, R — P Bz
HERA ) DDH 5 580 , (HAT OB FRTE R N L
BLER#EH , DDH 2 G SRR RE St 2 s
X5 T DDH L, A2 E Ny 4 2 DIFT e T AN 1
AT IS R A R S AR SR o B i
INAT R F AR 2 (B SR T AR AR E
BRATEAE i

Pemberton # ‘H /R ( Pemberton > s pericapsular
osteotomy, PPO) H{ Pemberton 7E 1965 4F 1 IR 4
AN SE AR R, R H R N AT MR T
DDH B FARITIEZ —, B 2778 M RAE R e i
AR IE ST HiE T PPO TR Z & EMA
UPE R, A G T PPO RS DDH
BILS AR B AR LU A D S iy, R 5
T Z R E S BE KPR, e
SRR ZRET TR Wisdh =M %S
¥, 45 PPO AR5 Bl DDH F824 A R I IE ) 73 A
iR SR HIE . RIS 70 R Re 4R 38
B Bl 4 R A% DI T A 5 67 A B R TR
B A BT AR S B BRSO, A SR
A7 A YA R 451 4 55 XU ) e I DX I, B
HuFEfF DDH & # 75 PPO AR J5 (1425 28K i, AT
IRk AR P TR Ty S AR S R %

ASCETER WAL 50 DDH & & 78 PPO AR5
JRJRE ST 3 AR L ARBORAE BB e R 45 A,
WS 1 W R e IR M e B 25 0 (A S0 BREEAR L
BEAS TR AR B R S o X2 S R

PUAE A B X IR A 2 ), o R B A A (i
X R R S Bz 1]

1 HRMNEEFE

WA S 4 (PPO 41) FIXFHEAL, PPO X4
AV B e B RHIGA B 4 V) A PPO K i
B IR BEIR YT B H0 DDH L 18 &4 (& 16 44,
F24), FARER K (29.72 £9.37) H, BEVIEF[A]
h(70.78 £27.47) H o A 2B L JIE T ROoE
I B4 SO AL O R BR IR T ARSI
HATF AR, SRR ILARFTFE AN A 5158
Bl AR R R D I G A DL RS A LR
FIT A FBOLIIFE AR FT B A A 58 B — 17 Harris 5
KATTFor 3R (W 43 100 43) o HEHL 18 44 [m] 4F i {gt
FRILZEAE RO B, AL A5 1 R ToaR A TP S
WA TCTAR RN, TC T B . SEI0 2 5% IR
HZMEFR B AEE TR EER (P>
0.05, L3k 1), ABFFRCAT R U E B KFBE2EE
PHZE 53 SAEHE , [ Bf 3RA5 52 1800 G2 A0 B sl W4 N 2%
B RV A U R R 1S
#1 PPORERESHBRATEALFERNOLE

Tab.1 Comparison of the main demographic parameters in PPO

group and control group

JekR PPO 41 Xof B2 P{E
TFARERH 29.72 +£9.37 — _
k177 fal/ H 70.78 +27.47 — —

BRI/ H 100.50 £35.53 100,11 £35.66  0.698
1K kg 28.78 +10.41  29.44 +9.39 0.302
B/ em 126.44 £21.03  127.39+19.38  0.498
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Fig.1 Schematic diagram for 10 partition zones of the foot
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Fig.2 Schematic diagram for 4 sub-phases of the stance phase
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Tab.2 Radiographic index and Harris hip scores of DDH patients

before PPO surgery and at the time of experiment

izt AR By walllling
MEFEE/ (°) 43.86 +4.51 21.67 +6.13
g/ (°) — 26.35 +8.24
/() 144.78 £7.35 132.21 £6.47
Harrsi 3743 71.22 +7.56 89.67 +4.01

5 X IR AR L, PPO A B TE T2 ~ 5 X PTI #5
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Tab.3 Comparison of the PTI in various zones of the foot for both PPO group and control group

PTI/(N - s - cm™2)

JLR X R Rg P,
w4 P,
it it i i
T1 0.60 £0.63 0.48 +0.30 0.55+0.27 0.802 0.585 0.346
T2 ~5 0.23 £0.98 0.15+0.80 0.09 £0.02 <0.001 0.022 0.039
M1 0.52 +£0.40 0.95+0.70 0.68 £0.46 0.351 0.311 0.001
M2 1.23 £1.12 2.37 +£1.45 1.28 £1.13 0.951 0.053 0.004
M3 1.42 +0.69 2.30+0.33 1.75+1.43 0.475 0.311 0.001
M4 1.02 +0.39 1.28 +0.61 1.02 +0.87 0.951 0.396 0.128
M5 0.37 £0.19 0.52 +0.33 0.33+£0.21 0.682 0.115 0.111
MF 0.32+0.13 0.35+0.14 0.35+0.13 0.534 0.968 0.438
MH 1.15+0.45 1.57 +1.03 1.77 £0.71 0.019 0.585 0.039
LH 0.88 £0.28 1.27 +0.90 1.20 £0.56 0.092 0.829 0.196

EP, 9 U K LB IUR RS0 BRZE R PTL P, S Wilcoxon AN S b B B S5 4 g PTT

KA PURNFH CA% (AL, PPO & 41,0 M4 M5 X CA% KT X M4, @il T1 X
i T2 ~5 [X. M4 M5 [X. CA% KF@B, mifde M1, CA% /INTFXTRRZ, 1 M1 X CA% KTX R4, &4
M2 [X CA% KT M. BT X CA% /NFXF (AL CA% B e TESE T 22 5 (ke 4) .

R4 ERJEXEER S SN ER L ER LR

Tab.4 Comparison of CA% in various zones of the foot for both PPO group and control group

CA% /%
SR X B g P,
x4 P,
it fi it e i
T1 9.33+2.44 9.19 +1.54 12.15+1.75 0.001 <0.001 0.955
T2 ~5 9.63 +£1.29 8.38+£1.29 9.47 +1.93 0.694 0.068 0.020
M1 7.26 £1.70 10.48 £1.40 7.06 +1.36 0.694 <0.001 0.002
M2 5.17 £0.95 7.02+1.12 6.13+£1.10 0.053 0.093 0.001
M3 5.78 +£1.05 5.82+1.02 5.47 +0.63 0.455 0.533 0.932
M4 7.50 £0.91 5.90 +0.58 6.24 +0.44 <0.001 0.106 0.001
M5 10.27 £2.24 7.91 £1.63 8.65+0.83 0.044 0.093 0.011
MF 23.88 £2.01 24.09 £1.26 24.19 £1.78 0.852 0.740 0.691
MH 11.65 £1.13 11.59 £1.19 11.33 £0.61 0.120 0.229 0.955
LH 9.54 +0.93 9.62 +1.06 9.31 +0.83 0.547 0.309 0. 820

P, N U RS U UUT S X B CA% , P, A {f il Wilcoxon BRI 4 ELE LS I A19 CA%
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Tab.5 Comparison of CT % in the four sub-stance phases and the total CT of the foot for both PPO group and control group

CT% /%
WA AR
Xt B P,

ICP 10.17 £1.55 12.26 +1.76 15.30 £2.43 <0.001 0.005 0.033
FFCP 14.56 £3.59 11.44 +2.64 21.96 £5.36 0.102 <0.001 0.295

FFP 24.70 £5.96 34.69 £6.86 19.54 +4.21 0.197 <0.001 0.024
FFPOP 50.57 £7.25 41.61 £6.16 43.20 +5.93 0.025 0.623 0.012
CT/ms 623.20 +94.67 649.60 +91.82 649.60 +34.32 0.047 0.360 0.005

P, AU U RS AR BT B S 0 IR CT% , P, A fli il Wilcoxon Bk AT Hb 4 N S @Ay CT%

3 g

PPO 7 FH T Ilfi PR EL 323 50 48, A VR 25 1k
TIEFAR AP 2 Bl AR A St
IR L E G- FR A Harrds SHREPE /M BOAR
Bk, (R A — S22 5B T PPO KRG
SRAFI— BB 28 S A3 R IE W T, L
RN S S E SO RS =01 (- E = DA
[F] s XL 58 O 7 9 390+ B v %) b T S A P 7 Bk
AT eI R IR Sk i P IR PE Y R A
RO S AR O 5 ;RN B AR AE AR G 2 i, B K
B ESE R A R A s s B G
M 3 56T B, ATk B 2 S EL 1] i ) e
BT ER N S T e 1) 2 T S O i 1) e 44
ol BN P M AT A RS T T 2 AT L
SRR X B 2R 253845, W A I8 E )
A 7T AR A AT IV g B ] B3 S B ] 43
T I 2R e S O S 1 NN S T e R
REZ HLBEHS B S AR PPO AR5 H# e 3) ) 2
iz gh= LRy R RM . LA R SR A S5 I
({85, BB DDH 55 A 78 PPO A J5 B AR A5 45
T T TR A% 2 I B 1] 5 43 45 R, (EL7E 2L R I
T35 AT %k B AT 3 5 5

Chang 25" % 11 45 PPO A J5 #.{l] DDH 3
HEAT AR ZSA0HT , 45 58 S8 7 S8t <7 K B WU 3 ST A

FEFREASLAS I i o5 A 43 O R A W i R
Wi AN SIS B AL S SR, R0 B0k 7 A Y 266 X 1)
(1] /0T BRI BR ., 3 R R o 8 2 o PR o
MEENAL ) e, e Ah, A A Scientific Footscan %5
PR 581 ol N7 AR & A 03 1 I 8] 2 A, S8
ICP F11 FFP %) CT% /|NT-{e ), ij FFPOP 1) CT% M|
B E GO A 2L AL 5 R R iz gl i O R
RET A B AR AT fi 2R A R A8 S 1 P i JUL A
JEIUILST B A 220 R AT, 2 iR A
ShSEAR, TR ZhE T M &8 s sh s ie ) Sk
AR FLORE, AR T @R A TCP, PR 28
3 4 1ICP A FFP DUEJS PR A FFPOP Sk 42 F
BT Lo HEA FFPOP J5, FBUR B G
I JE RO 20 A o Rl K 3, AT 2 T B 1k o
O, h g it A TCP, [R) s 5 8 2o [ {0 1 5%
%

Ej @R BRAEAR LL , f8BFE M4 M5 [X CA%
R, AL M1 M2 [X CA% BRI/, 37 JE B 7K
FARALA AL P ) SO0 5 B i) e S HE T X
DDH & & A 5 d i 52 A 0 1 bR 1 &6 23k
Chang 2546330 7 28 (9 08 090 DR T S8 000 23 B
PRSI LA A ) f B . CA B4 S Bk 2 IS A2
T DRI S A, T SR A ] L A A I R i e
MR 32 7 AR, 5/ AT LASCE RS 0 43 A, it
F8iE T PPO R J5 DDH G835 1y EEHCE R A TRE A



# B,% BEMREMESXTHLSEILEHRHEIT Pemberton BEREHERENSHT

XU Chao, et al. Analysis of the plantar pressure in children with unilateral developmental

dysplasia of the hip following Pemberton’ s pericapsular osteotomy at early age 337

T2 BT I 1] o

PTI BEA% S R I 3545 DX 3 T <2 J 3 435 B2 1) (7]
LA B T A PRAG R A R TS oL . X}
FELAAH B, JBBCAE T2 ~5 X PTI #5578 MH [X. PTI
K. Sf@BoA e, BEE ML M2 M3 A1 MH [X
PTL /NI, W AE T2 ~5 X PTL KRF A, 4r#r
JE A, AT RE & HH T DDH B8 A% iR 1Y Hb T S A
PSR A LR A X S 32 4R 1 R
S, T A2 PRI DX AR 37 He sk s o AR 8] ) T, fh 1
AEXT ALY ICP I K i FFPOP B 2 5 3508 By
JE SRR TS (A] 1S 0, 13X 2 PR 2R B in dpe & 7 SRR
PTI By 55 A8k . H T8¢ i 19 s i RS 19 52 77
(i), PTT %555 11 2 JIC DX 38 ] e 11 I B8 /&0 1) A2 9 LRy
R XU 2 IO B I PR R A A A
Y X

AHF 5T S = LAY RIS 7 i , ik
TCIEPEN F AR F 5 RIS 1 S E0W M SR
2, B THARBILTFARERLNT 4 % 0 ib T
R NS = 2001 = A oW = S 1)y r
NS R E =W R R KR TS50, B BOR
KRG AR SRR TR FARRCR B SOR K.
Ah, BT RBILAFE RN, A T FE 525 B B LG
A, AR E LR 5| 485 B, R A e s
Bk 51 T 32 L B 58 AR, DA B R ]
BERZ MR S BB R B R . (H R AT 2 3 0 BN Y
L AT A B, 2L s R
D T RE SRR R AER M . A% T b, AT
B 2R G AT 22 U BB R, AE 4 B I
SRR . A 2R E S R AR T
RIEHE PR IR T BT B 1 R R

Zi BTk, sl DDH (B E #E PPO RJ5 LS T
A NI B R AR 2 TG R PE 3 45 1 HAR J5 A )
R TR R 5% a4

(1) 5% AL Fnfi AR e, JBBAE T2 ~5 X PTI
B, 7E MH [X. PTI 42 1I%;

(2) 5t JRl A0 o6k B AL AH Le, JBOBAE M4 M5 X
CA% B, TiAE M1 M2 [X CA% Hfe I 5

(3) FBBE A = A JR AR AL o f e s 1) B %
ICP [y CT% B /), FFPOP [ CT% B Jc. jx b5 7%
$2/8 PPO AR J5 B0 DDH 8 35 30 75 B I i ai Ak B
SIRTT RN B LR R 140

S 3k

(1]

[3]

[4]

[5]

[10]

(11]

[12]

[14]

Weinstein SL, Mubarak SJ, Wenger DR. Fundamental
concepts of developmental dysplasia of the hip [ J]. Instr
Course Lect, 2014, 63 299-305.

Gulati V, Eseonu K, Sayani J, et al. Developmental dys-
plasia of the hip in the newborn:; A systematic review [ J].
World J Orthop, 2013, 4(2); 32-41.

Phelan N, Thoren J, Fox C, et al. Developmental dyspla-
sia of the hip. Incidence and treatment outcomes in the
Southeast of Ireland [J]. Ir J Med Sci, 2015, 184(2) ; 411-
415.

Clarke NM, Reading IC, Corbin C, et al. Twenty years
experience of selective secondary ultrasound screening for
congenital dislocation of the hip [ J]. Arch Dis Child,
2012, 97(5) ; 423-429.

XEksE, EE, XK, S LR F ST BB A
BRI A [J]. HhAREEEZRE, 2014, 94(20) : 1567-1569.
Vencalkova S, Janata J. Evaluation of screening for devel-
opmental dysplasia of the hip in the Liberec region in 1984-
2005 [J]. Acta Chir Orthop Traumatol Cech, 2009, 76(3) .
218-224.

PREEE, B, RET, 5. BiA LR E PEHE O 5 i 7
Yebtidr [J]. spAE/ LSRR, 2007, 28(11) : 590-593.
Harris NH, Lloyd-Roberts GC, Gallien R. Acetabular de-
velopment in congenital dislocation of the hip. With special
reference to the indications for acetabuloplasty and pelvic or
femoral realignment osteotomy [ J]. J Bone Joint Surg Br,
1975, 57(1) ; 46-52.

El-Sayed MM. Single-stage open reduction, Salter innomi-
nate osteotomy, and proximal femoral osteotomy for the
management of developmental dysplasia of the hip in chil-
dren between the ages of 2 and 4 years [J]. J Pediatr
Orthop B, 2009, 18(4) ; 188-196.

SR, Pemberton i AR TR YT K T MBI AL 138 RIERIR A
[J]. H4E/NLAMEL R, 2005, 26(11) & 605-606.
Pemberton PA. Pericapsular osteotomy of the ilium for
treatment of congenital subluxation and dislocation of the
hip [J]. J Bone Joint Surg Am, 1965, 47 65-86.

T, #Y, BmAR, 4. Pemberton # & ARG A LA
fifp S SRR b BOARERIT R E M AL [J]. PEBIES
Bl4eii, 2009, 17(7) : 501-504.
Aydin A, Kalali F, Yildiz V,
Pemberton’ s pericapsular osteotomy in patients with devel-

et al. The results of
opmental hip dysplasia [ J]. Acta Orthop Traumatol Turc,
2012, 46(1) : 35-41.

Pedersen EN, Alkjaer T, Soballe K, et al. Walking pattern



EREMANE $30% F4H 201558A

338 Journal of Medical Biomechanics, Vol. 30 No.4, Aug. 2015

in 9 women with hip dysplasia 18 months after periacetabu- J1%, 1994, 9(2) ; 108-115.

lar osteotomy [J]. Acta Orthop, 2006, 77(2) ; 203-208. Zhang X, Lu SB. Measurement and analysis of the human
[15] Chang CF, Wang TM, Wang JH, et al. Residual gait devi- plantar pressure [J]. J Med Biomech, 1994, 9(2) . 108-

(18]

[19]

[22]

ations in adolescents treated during infancy for unilateral
developmental dysplasia of the hip using Pemberton’ s os-
teotomy [J]. Gait Posture, 2012, 35(4) : 561-566.

Karam MD, Gao Y, Mckinley T. Assessment of walking
pattern pre and post peri-acetabular osteotomy [ J]. lowa
Orthop J, 2011, 31 83-89.

Chang CF, Wang TM, Wang JH, et al. Adolescents after
pemberton’ s osteotomy for developmental dysplasia of the
hip displayed greater joint loading than healthy controls in
affected and unaffected limbs during gait [ J]. J Orthop
Res, 2011, 29(7) : 1034-1041.

Romano CL, Frigo C, Randelli G, et al. Analysis of the
gait of adults who had residua of congenital dysplasia of the
hip [J]. J Bone Joint Surg Am, 1996, 78 (10) : 1468-1479.
Yan SH, Zhang K, Tan GQ, et al. Effects of obesity on
dynamic plantar pressure distribution in Chinese prepubes-
cent children during walking [ J]. Gait Posture, 2013, 37
(1) 37-42.

Roach JW, Hobatho MC, Baker KJ, et al. Three-dimen-
sional computer analysis of complex acetabular insufficien-
cy [J]. J Pediatr Orthop, 1997, 17(2) : 158-164.

Recnik G, Kralj-lglic V, Iglic A, et al. Higher peak contact
hip stress predetermines the side of hip involved in idiopath-
ic osteoarthritis [ J]. Clin Biomech, 2007, 22 (10): 1119-
1124.

B, SR, BOBEE, SF. H RS SR A7 S R I
S [J]. BERA S35, 2011, 26(4) : 299-304.

Yang Y, Pu F, Qian YJ, et al. Real-time plantar pressure
measurement for monitoring exercise load in daily life activi-
ties [J]. J Med Biomech, 2011, 26(4) : 299-304.

SRR, IR, AR E RIS AT [J]. BEAAY

[24]

[25]

[27]

[28]

[30]

115.

Konigsberg DE, Karol LA, Colby S, et al. Results of medi-
al open reduction of the hip in infants with developmental
dislocation of the hip [J]. J Pediatr Orthop, 2003, 23(1):
1-9.

Bassett GS, Engsberg JR, Mcalister WH, et al. Fate of
the psoas muscle after open reduction for developmental
dislocation of the hip (DDH) [J]. J Pediatr Orthop, 1999,
19(4) . 425-432.

AT, BORES, EAE, SF. SRS R PEEOCTT AL A Sl
SRIRETMEN L 20 [J]. EJHEY 12, 1998, 13
(4):204-207.

Zhang W, Huang YT, Wang J, et al. Preliminary analysis
on dynamic sole pressure in the unilateral congenital dislo-
cation of the hip [J]. J Med Biomech, 1998, 13(4) . 204-
207.

AW, SRPCRY, SKEE, 45, MAMBIX L IR D A A Y
s [J]. ERAEY 1%, 2010, 25(3) ; 224-229.

Qie SY, Zhang QM, Zhang ZY, et al. Distribution changes
of forefoot plantar pressure in hallux valgus [J]. J Med
Biomech, 2010, 25(3) ; 224-229.

Burns J, Crosbie J, Hunt A, et al. The effect of pes cavus
on foot pain and plantar pressure [ J]. Clin Biomech,
2005, 20(9) ; 877-882.

Bertsch C, Unger H, Winkelmann W, et al. Evaluation of
early walking patterns from plantar pressure distribution
measurements. First year results of 42 children [J]. Gait
Posture, 2004, 19(3) : 235-242.

Jeans KA, Karol LA. Plantar pressures following Ponseti
and French physiotherapy methods for clubfoot [J]. J Pe-
diatr Orthop, 2010, 30(1) : 82-89.





