\u

;OH

X
)

fe}

Eb



NI

Gl

(Axe

=
B

\u

;OH

)
oW

fe}

EY

0]
=

2005 3 12 ¢



SRR

SRR

SRR

PR

SRR

A o) & o 5 gl

2005 3 12 ¢ d



M
o)

N

IECES
DERERER

S}
k=

=l &A= 7 7HA

L

A}

)

—
o

_—I_L

il

<3 =)
o=

3

Xé [e

=gyt

=
=

5o

51)4

A 7E

i

A

ol
~

n
-
E

;O._

N:!
oy
s
E

<
o|]
o
!
-
E

AR A of

o
=

3} 7

AEEREOE

A9

=gyt

Tor

==
o

Zn

o}

o
sl

o

A7 %



At

— MmO O O

‘.mJl E.ﬁ

o —

aid

Gt
[=o)
7K

]

=

-
—

oo

‘m.o

_l__l
)
.
2 .
=

14
- 17

.Zﬂﬁ

.Zﬂﬁ
ol
M
N

Ho

B

21

22
22
24
26
- 28

W
)
£l

=K

_
jant

i

W
o
4y

il
Nir
TK
el
=
Nir

)
)

o)
oI
—

NI

B
_Zﬁﬁ

=K
¢

~

AO
o

30
- 36
37

o B
H R R
.. A
= >

41

of
of
alg

o



a9 #4

19 1. Dennyson-Fulford extraarticular subtalar arthrodesis
7

g 2-A, B, C. (A) AFZAF(%) = (7} / ) X 100. (B) ¢

(

HEFA (%) = (¢ / #) X 100. (C) Black arrow means
initial medial deviation - R (0
19 3. Dynamic foot pressure measurement * = + + + + 12

19 4. Preoperative (A) and postoperative (B) antero-
posterior and lateral talo—first metatarsal angle - - - - - 15

19 5. Changes in relative impulse of preoperative and
postoperative dynamic pedobarography - - - - - - - - - 18

19 6. Changes in kinematics and kinetics of pelvis and
hlp JOll’lt e & e s e s e s e & e s e e e 6 & 6 e e o o » 22

13 7. Changes in kinematics and kinetics of knee joint
24

1% 8. Changes in kinematics and kinetics of foot and
anklejoint......................26

19 9. Correlation between preoperative modified coronal
index and postoperative 1st metatarsal head force - - - 29
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3 1. Changes in preoperative and postoperative parameters
measured at the plain radiography of the foot - - - - - 16

¥ 2. Changes 1in parameters of preoperative and
postoperative dynamic pedobarography - - - - - - - - - 19

3% 3. Changes 1in preoperative and postoperative COP
trajectories (center—of-pressure path trajectories) « - - - 20

3% 4. Changes 1n preoperative and postoperative temporo-
SpatialparameterS' e e e e e e e e e e e e e e e e .21

3 5. Postoperative changes in parameters of kinematics and
kinetics of pelvis and hip joint -+ « = « « « = « « « « « 23

3 6. Postoperative changes in parameters of kinematics and
kinetics of knee joint + =« + « + ¢« ¢ ¢ o 00 0. 2 Dh

3 7. Postoperative changes in parameters of kinematics and
kinetics of foot and ankle joint- « -+ - = « « « -« « « -« 27

¥ &. Correlations between 1st metarsal head force and
modified coronal index = + =« = + « « « « « « o+« o o D8
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Fig. 1. Dennyson—-Fulford extraarticular subtalar arthrodesis.
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Fig. 3. Dynamic foot pressure measurement.
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Fig. 4. Preoperative (A) and postoperative (B) anteroposterior

and lateral talo—first metatarsal angle.

A) B)
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Table 1.

Changes

n

preoperative

and

postoperative

parameters measured at the plain radiography of the foot.

Preop. Postop. o0 value

AP 1st M-T* 26.4 + 10.6 76 + 75 <0.01
T-C* 30.1 £ 7.2 226 + 6.6 <0.01
Meary * 225 £ 114 25 £ 6.6 <0.01

Lat T-C* 346 £ 10.8 2811 + 9.2 <0.01
C.P 8.4 + 5.8 91 + 6.8 0.56
Hibbs* 159.8 £ 9.6 150.7 + 7.1 <0.01

Preop.: preoperative parameter; Postop.: postoperative parameter.

1st M-T : talo—first metatarsal angle

T-C : talocalcaneal angle

Meary : talo-first metatarsal angle (Meary angle)

C.P ' calcaneal pitch

Hibbs :

* p < 0.05 : Preop. vs Postop.

_16_

calcaneus—first metatarsal angle (Hibb’'s angle)



,ZT!
ol
—_—

il
-8

Ho

ar

R

of

o
-

el
i
Nlo

=
=

v A 1

Gl

<

o

o

)

N

N
R

~
No

=

A el

)

G
Ko

N
R

b

T

M

o

sATA R gu e Wk AT (p>0.05).

I

Nir

_Zrl

el
o

WA =] A H(p<0.05) (Fig.

=

o

o

A

ol gel 9] nre] A
5., Table 2).

_17_



Fig. 5. Changes in relative impulse of preoperative and

postoperative dynamic pedobarography.
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Table 2. Changes in parameters of preoperative and
postoperative dynamic pedobarography.
Preop. Postop. Normal p value
Hallux= | 1166.7 | + 884.9 387.2 | + 321.6 | 9265 +560.7 | <0.01
st~ | 1003.2  + 676.4 181.7  +188.5 | 1004.1 =+ 421.1 <0.01
ond* | 943.9 | £ 516.0 280.6 | +|237.4 | 1785.8 £ 930.9 | <0.01
3-4th= | 604.6 | +385.3 294.3 | + 2135  1663.3 | +731.3 | <0.01
F1, 5t 260.3 | +196.7 2421 | +|256.0  843.7  + 3815 0.84
Lat M+ | 129.8 | £ 165.0 453.0 | + /3423  540.3 | +/333.2 | <0.01
Med M*  447.2 | +/341.0 184.8 | + 171.5 86 +.22.4 <0.01
LatC+ | 158.2 | + /1951 790.7 | +|405.8 | 1457.4 =+ 4759 | <0.01
Med C+| 211.8 | + 206.9 811.5 | +|423.4 | 1588.4 | + 498.1 <0.01
M.C.L» | 1399.5 | + 12009 | —342.4 |+ 609.1 —2489 | +/1095.6 | <0.01
Hallux* | 22.9% + 10.2% 10.5% * 7.8% 9.4% *5.4% <0.01
1st* 19.1% + 8.1% 4.8% t 4.1% 10.1% + 3.3% <0.01
2nd= 18.8% * 6.8% 7.5% * 5.2% 17.5% + 6.3% <0.01
3-4th= | 12.0% *+ 6.5% 8.4% +|5.9% 16.5% + |4.5% <0.01
Rl 5t 52% + |4.2% 6.6% + |5.8% 8.5% + 3.3% 0.16
Lat M* 2.9% * 4.0% 11.9% * 7.3% 6.0% * 4.3% <0.01
Med M= 9.7% + |7.0% 50% * 4.1% 01% *0.3% <0.01
Lat Cx 3.8% * 4.4% 221% +(9.1% 15.3% + |5.2% <0.01
Med C* 5.5% + |5.8% 23.4% * 111%  16.6% * 5.1% <0.01
M.C.Lx | 27.5% + 22.8% -9.5% + 155%  —3.4% + 11.5% | <0.01
Hallux* | 42.4 | + 30.1 19.8 | £ 16.7 65.8 =+ 39.7 <0.01
1st 33.9 | +/22.0 81 | + 6.7 573 + 228 <0.01
2nd* 302 |+ 14.8 13.4  +938 936 =+ 36.8 <0.01
3-4th* 209 |+ 11.6 13.5 | £ 9.0 80.3  + 283 <0.01
pE 5t 9.0 £ 6.0 97 + .86 361 * 14.4 0.51
T Lat Mx 66 + 7.6 15.9 | £ /11.2 23.8 |+ 13.4 <0.01
Med M= 19.3 | £+ 11.7 72 £ 55 07 =+ 1.4 <0.01
Lat C* 93 + 85 29.7 | +15.3 785 + 195 <0.01
Med C+| 129 =+ 9.3 30.8 | + 18.9 842 =+ 187 <0.01
M.C.I.* 46.8 | + 39.4 -10.3 |+ 21.0 115 |+ 52.8 <0.01
F.T.I : force-time integral (N * s).
R.IL : relative impulse (%).

P.F. : peak force (N).
M.CI. :

modified coronal index.

* p < 0.05 ! Preop. vs Postop.
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Table 3. Changes in preoperative and postoperative COP

trajectories (center—of-pressure path trajectories).

Preop. Postop. Normal p value
APl =  49t14% 64+8% 79+2% 0.01
CPEl » 16+19% 21+9% 19+5% 0.01
M.D. 8.3% 54.2%

API : anteroposterior index
CPEI : center of pressure excursion index
M.D. : medial deviation

* p < 0.05 ! Preop. vs Postop.
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T oEse gasgon, RASE w3 2289THp<0.05). F
Z+719] A & (foot-off)S 69.8%° A 72.9% = 713891 (p<0.05), = A
Wb f24717h @olA i 927]7h Aol £ th(Table 4.).

Table 4. Changes in preoperative and postoperative

temporospatial parameters.

Preop. Postop. p value
Cadence(steps/min) * 104.54 + 37.97 90.84 + 32.40 <0.05
Walking speed(m/s) * 060 + 0.28 050 + 0.29 <0.05
Step length(m) 0.32 £+ 0.14 0.31 £ 0.15 >0.05
Step time(s) 0.76 + 0.64 0.86 + 0.64 >0.05
Step width(m) 0.24 + 0.14 0.22 £ 0.06 >0.05
Stride length(m) 0.66 *+ 0.28 0.62 + 0.28 >0.05
Stride time(s) 277 + 8.14 1.72 + 1.28 >0.05
Opposite foot contact(%) 4931 % 6.02 50.02 + 3.37 >0.05
Opposite foot off (%) 20.99 + 12.03 23.48 + 10.20 >0.05
Foot off (%) * 69.78 + 9.75 72.88 =+ 10.02 <0.05

* p < 0.05 : Preop. vs Postop.
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A &= & Aol o R F7EE G tH(p<0.05). Al
ade A Adzte] Ao (p<.05), H =5 EUE
© & A BT ZAsAT(p<0.05). #FHd A W zte] AW
= Ak A v (p<0.05)(Fig. 6., Table 5.).

d

Fig. 6. Changes in kinematics and kinetics of pelvis and hip

joint.
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Table 5. Postoperative changes in parameters of kinematics

and kinetics of pelvis and hip joint.

Preop. Postop. p value
peak pelvic anterior tilt* 18.56 + 7.3 221 £ 5.7 <0.01
peak hip flexion 46.4 £ 9.1 48.1 + 8.8 0.22
peak hip extension* 4.0 £ 941 8.8 £ 11.4 <0.01
peak hip extension moment 0.8 + 0.5 0.7 £ 0.6 0.07
peak hip flexion moment* -0.4 £ 0.2 -0.3 + 0.2 <0.01
peak hip adduction* 6.4 + 6.8 31 £ 5.2 <0.01
peak hip abduction -8.9 £ 7.1 -10.5 £ 6.0 0.06
peak hip abduction moment 0.5 + 0.4 0.4 £ 0.3 0.31
peak hip adduction moment -0.2 £ 0.2 -0.2 £ 0.2 0.49

* p < 0.05 : Preop. vs Postop.,
Kinematics(degrees); Moment(Nm/kg),
positive = adduction; negative = abduction.
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Fig. 7. Changes in kinematics and kinetics of knee joint.
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Table 6. Postoperative changes in parameters of kinematics

and kinetics of knee joint.

Preop. Postop. p value
peak knee flexion* 61.6 £ 11.4 57.3 + 9.8 0.03
peak knee extension * 15,5 + 144 11.7 +11.6 0.04
peak knee extension moment* 0.4 £ 0.2 0.3 £ 0.2 0.03
peak knee valgus during stance phase* -9.0 £ 5.1 -4.3 + 3.7 <0.01
peak knee valgus moment 0.3 = 0.3 02 0.2 0.06

* p < 0.05 ! Preop. vs Postop.,
Kinematics(degrees); Moment(Nm/kg),

positive = varus, negative = valgus.
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(p<0.05)(Fig. 8., Table 7.).

Fig. 8. Changes in kinematics and Kkinetics of foot and ankle

joint.
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Table 7. Postoperative changes in

and kinetics of foot and ankle joint.

parameters of Kkinematics

Preop. Postop. p value
peak ankle power* 1.2 £ 2.1 05 = 0.7 0.04
ankle dorsiflexion angle at initial contact* 0.1 + 8.6 58 = 6.7 <0.01
peak ankle dorsiflexion anglex* 13.7 £ 7.3 18.8 + 4.8 <0.01
peak ankle plantar flexion anglex* -11.4 + 14.2 -3.1 £ 13.0 <0.01
peak ankle plantar flexion momentx 09 £ 05 0.6 £ 0.4 <0.01
peak ankle internal rotation angle* -1.56 + 18.0 9.9 + 10.4 <0.01
peak ankle external rotation angle* -29.5 + 15.2 -20.5 £ 7.6 <0.01
peak ankle internal rotation moment 01 £+ 0.3 0.1 = 0.1 0.68
peak internal foot progression angle -2.9 £ 253 3.1 £ 9.8 0.12

* p < 0.05 : Preop. vs Postop.,

Kinematics(degrees); Moment(Nm/kg); Power(N/kg),

positive = dorsiflexion, internal rotation,

negative = plantar flexion. external rotation.
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Table 8. Correlations between 1st metarsal head force and

modified coronal index.

p value

r

<0.01

0.853

Preop. F.T.I.

<0.01

0.774

Preop. R.I.

<0.01

0.825

Preop. P.F.

<0.01

0.465

Postop. F.T.I.

<0.01

0.623

Postop. R.I.

<0.01

0.425

Postop. P.F.
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Fig. 9. Correlation between preoperative modified coronal

index and postoperative 1st metatarsal head force.
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Abstract

Changes in dynamic pedobarography
and 3-dimensional gait analysis
after subtalar arthrodesis
in pes planovalgus

Hong-Kee Yoon

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Hyun Woo Kim)

Flat foot represents an increased contact surface of medial foot.
Pes planovalgus has an increased contact surface of medial foot
with hindfoot valgus. The common cause of pathologic planovalgus
1s cerebral palsy. The planovalgus was reported about 25% iIn
cerebral palsy patients. The main causes of planovalgus in cerebral
palsy 1s spasticity of plantar flexor. The spasticity of peroneus
brevis and the weakness of posterior tibialis are another causes of
planovalgus. The planovalgus deformity makes problems in foot
pressure and gait. Several surgical options were suggested. Among
them, subtalar arthrodesis is the common treatment for plano—
valgus. The goals of treatment are improvement of abnormal foot
pressure distribution, which improves stability during stance phase

and efficacy in toe-off. The purpose of this study is to analyze the
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result of subtalar arthrodesis using dynamic pedobarography and
gait analysis.

28 patients(48 feet) who recieved subtalar arthrodesis between
2003 and 2004 were included in this study. 21 patients are boys
and 7 patients are girls. The mean age at the time of operation
was 9 years 2 months and the mean follow up duration was 12
months.

Foot pressure was measured at 9 regions including hallux, each
metatarsal head, medial and lateral portion of midfoot and
calcaneus. Coronal index was calculated to estimate varus and
valgus. The changes of anteroposterior and lateral excursion of
center of pressure and initial shock absorption was measured. With
Vicon 370 Motion Analysis System, temporospatial data, kinematic
data and Kkinetic data were obtained and analyzed.

The preoperative pressure of hallux, 1st metatarsal head and
medial midfoot were above normal range and the pressure of
lateral midfoot and calcaneus were below normal range. The
postoperative pressure of hallux was decreased within normal
range and the pressure of 1, 2, 3, and 4 metatarsal head were
decreased below normal range. The pressure of lateral midfoot was
increased and the pressure of medial midfoot was decreased. The
coronal index was decreased, so abnormal valgus pressure
distribution was changed to varus pressure distribution within
normal range. Anteroposterior index and center of pressure
excursion index were improved. The initial shock absorption was
also improved. The peak angle of pelvic anterior tilt and hip
extension were decreased. The peak angle of knee extension was

increased. The angle of ankle plantar flexion at push-off was

_42_



decreased and the peak moment and power were also decreased.
However, the moment and power were increased in two cases who
did not undergo plantar flexor lengthening.

After subtalar arthrodesis, the pressure of medial midfoot was
decreased and the pressure distribution of forefoot was improved.
But, the pressure of 1st metatarsal head was decreased below
normal range. The sagittal angle of pelvic anterior tilt was
increased. The moment and power of plantar flexion was not
improved. But, peak knee extension was increased because of
increased ankle dorsiflexion. So, knee extension-ankle plantar
flexion coupling was improved. The proper lengthening of plantar
flexor 1s an 1mportant factor for the gait improvement after

subtalar arthrodesis.

Key Words : planovalgus, subtalar arthrodesis, dynamic

pedobarography, gait analysis
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