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Table 1. Patient data.

Number Sex Years Months Side Peak extension during midstance phase (Degr ees)

L 22.00
2 w10 o wo
3 M 11 11 'F‘:t 1‘;'22
Group | 4 F 5 9 Il;tt z?)i?é
5 M 18 10 st zig
6 oM o1 1 g o
om0 0 g 2085
1w s Py
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I 1672
¢ omos 3 g 1908
s F 7T 0 g e
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Tomos oz g 1164
Group I 8 M 5 7 :;tt j;‘;
° Moo 3 g 241
10 M 10 11 'F‘:t "l‘:gg
11 M 10 3 st '_23'.962
2 M o6 9 - 242
BmOF s 0 o Py
“4oomMo8 5 - o
s F 8 m g 1404




Fig. 1. Groups by knee range of motion (several cases were not

shown on these graphs).

Group | Group Il

e
10 |
-20
Peak extension > 30 Peak extension < 15
M:F=5:2 M:F=12:3
Age : avg 12%rs Age : avg 77yrs
( 5"%rs~1810rs) ( 5%rs~113yrs)
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Fig. 2. Model for calculation of gastrocnemius muscle-tendon
length (example of gastrocnemius. gastrocnemius muscle length
was calculated for each subject with use of the two-dimensional,

sagittal-plane musculoskeletal model)'**.

= =
R X, +RX,

L,=L,+

Xy Where,

= cOS 7 —sin |
R, =

i sini cos i

[L, = length of the gastrocnemius muscle-
tendon msertion form the ankle joint center, X
= vector moment arm of the gastrocnemius
a origin from the knee joint center, and
R R =vector rotation matrix about the ankle (i=
””””””””””” N foot &) and knee (i= B)]
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1= =
R

FTAH ALol o] AR SFAFHAY. <5
o] Zo](muscle-tendon length)= X3 5 2 A <& Zolo] W3t} FX4

4}
% % (muscle-tendon velocity) & 59| s 534 Zo] W3l &%

FE &wo g w2 Ao % 2 (gluteus medius),
& 2 (iliacus), W (adductor), WE A (rectus femoris), AT
(vastus), ¥ o] F=(biceps femoris), ¥k (semimembranosus), B

(gracilis), B] ¥ (gastrocnemius)?] =29 Aol &£

=
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M 248 SEFPNH, SFANA, 27 o] L HE W
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ZE At Aok (Fig. 3).

Fig. 3. Three dimensional musculo-skeletal model and measure
of muscle length (on the basis of the kinematic data,
gastrocnemius muscle length was calculated and measured at 2%

intervals through the gait cycle).
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m. A3

1. A ek Fhole] R

o Bd A B4

Ao FASL Al 1 FEIER S FER e a0
o] Z715l0] AATHP < 005). 345 FHZFR} 92 FHR THR
HE F29e gasel TP < 0.05)(Table 2.

Table 2. Comparison of relative impulses

group and normal group

between planovalgus

R.I. Planovalgus Normal P value
Hallux * 21.6% + 11.0% 9.4% + 5.4% 0.00
1st MT. * 17.7% += 7.7% 10.1% + 3.3% 0.00
2nd MT. 19.0% + 6.7% 17.5% + 6.3% 0.29
3-4th MT. * 12.9% + 6.2% 16.5% + 4.5% 0.00
5th MT. * 6.2% * 4.6% 8.5% + 3.3% 0.01
Lat Mid. * 40% + 4.9% 6.0% + 4.3% 0.05
Med Mid. * 8.8% *+ 6.9% 0.1% + 0.3% 0.00
Lat Cal. * 4.3% + 4.5% 15.3% + 5.2% 0.00
Med Cal. * 56% * 6.0% 16.6% + 5.1% 0.00
R.I. : relative impulse (%)

MT. : metatarsal head
Mid. : midfoot
Cal. : calcaneus

" p < 0.05 : Planovalgus vs Normal

_11_



= AT Aol7t I RYEE SR g

T :
& A el Mtk P < 0.05)(Table 3).

off

Table 3. Comparison of temporospatial parameters between

planovalgus group and normal group

Planovalgus Normal P value
Cadence (steps/min) 103.66 + 36.72 106.00 + 18.89 0.67
Walking speed (m/s)* 0.61 + 0.27 1.16 + 0.16 0.00
Step length (m)* 0.34 + 0.13 0.61 + 0.10 0.00
Step time () 0.72 £ 0.50 0.51 * 0.04 0.01
Step width (m)* 0.24 + 0.14 0.17 £ 0.07 0.00
Stridelength (m)* 0.69 * 0.26 1.23 + 0.09 0.00
Stridetime (s) 2.64 + 8.02 1.02 + 0.03 0.18
Oppositefoot contact (%) 49.31 % 6.05 49.90 + 2.49 0.52
Opposite foot off (%)* 20.27 + 11.89 1150 * 3.10 0.00
Foot off (%)* 69.13 + 9.66 61.60 + 8.18 0.00

" p < 0.05 : Planovalgus vs Normal

_12_
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Table 4.

Comparison of parameters

of kinematics.

Parameters Planovalgus Normal P value
Peak anterior tilt during stance* 19.29 + 7.62 9.85 +84.2 0.04
Peak posterior tilt during stance 10.29 + 7.50 9.24 #14.4 0.36
Pelvis  Peak up obliquity during stance 5.34 + 4.16 462 + 1.69 260.
(degrees) Peak down oblliquity during stance -535 + 431 -456 691 0.23
Peak internal rotation during stance* 13.13 + 12.32 335 2.88 0.03
Peak external rotation during swing* -11.60 + 12.11 513.+ 2.90 0.02
Peak flexion during stance* 46.70 * 8.27 36.98 + 5.17 0.01
Peak extension during stance * 3.41 £ 9.63 -5.12 + 5.53 000.
Hip Peak adduction during stance * 552 * 6.40 9.74 +384 000
(degrees) Peak abduction during swing* 970 +6.71  -452 +3.03 30.0
Peak internal rotation during stance * 18.53 + 10.54 .3710+ 8.30 0.01
Peak external rotation during swing -12.08 + 11.20 212.+ 7.97 0.94
Peak flexion during swing* 60.85 + 11.63 64.61 * 4.57 0.04
Peak extension during stance 13.25 + 15.75 11.00 + 4.46 35 0.
Knee Peak varus during stance* 18.57 + 7.11 9.84 + 7.98 0.04
(degrees) Peak valgus during swing* -8.59 + 5.23 -4.08 * 3.89 0.00
Peak internal rotation during swing* 27.65 * 16.44 10.@ 8.05 0.00
Peak external rotation during stance* 10.75 + 16.82 661+ 6.83 0.01
Peak dorsiflexion during stance* 13.72 + 7.10 18.66 83.5 0.00
Peak plantarflexion during stance -11.11 + 12,91 -122316.31 0.57
Ankle & foot Peak ankle internal rotation * 173 +18.75 12.71 + 15.22.00
(degrees) Peak ankle external rotation during swing® -27.30 =764 -9.53 + 11.92  0.00
Peak foot internal roation during stance -2.96 + 26.457.21 + 6.36 0.29
Peak foot external rotation during swing*  -28.31 +5¥6. -17.01 * 6.26 0.00

" p < 0.05 : Planovalgus vs Normal
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Fig. 4. Comparison of kinematics.
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ZFaxol AP < 0.05)(Table 5, Fig. 5).
Table 5. Comparison of parameters of Kinetics during stance
phase.
Planovalgus Normal P value
Sagittal Peak extension 0.79 £ 049 081 +£030 0.75
(N-m/kg) Peak flexion * -0.36 £ 0.22 -0.51 +0.14 0.00
Coronal Peak abduction * 0.47 +0.44 074 £ 0.11 0.00
Hi (N-m/kg) Peak adduction * -0.25 + 0.23 -0.01 # 0.02 0.00
P Transverse Peak internal rotation* 0.12 + 0.14 0.02 * 0.03 0.00
(N-m/kg) Peak external rotation * -0.12 + 0.07 -0.10 + 0.03 0.01
Power Generation 1.04 £ 0.72 0.89 + 0.28 0.17
(N/kg)  Absorption -0.28 + 0.30 -0.23 + 0.26 0.20
Sagittal Peak extension * 0.34 +£0.21 041 +0.19 0.03
(N-m/kg) Peak flexion -0.31 £ 0.29 -0.28 + 0.07 0.48
Coronal Peak valgus 0.31 £0.26 035 +0.10 0.30
Kn (N-m/kg) Peak varus * -0.22 +0.14 -0.01 = 0.01 0.00
Transverse Peak internal rotation 0.09 + 0.22 0.07 = 0.03 0.53
(N-m/kg) Peak external rotation* -0.10 + 0.07 0.00 * 0.00 0.00
Power Generation * 0.48 + 0.43 034 +0.31 0.03
(N/kg)  Absorption * -0.77 £ 056 -0.97 + 0.34 0.02
Sagittal Peak dorsiflexion * 092 +046 122 +0.17 0.01
(N-m/kg) Peak plantarflexion -0.04 + 0.08 -0.02 +0.01 0.44
Ankle Transverse Peak internal rotation 0.10 + 0.26 0.02 + 0.09 0.17
(N-m/kg) Peak external rotation * -0.11 + 0.06 0.00 + 0.00 0.01
Power Generation * 1.18 +2.16 2.10 * 057 0.00
(N/kg)  Absorption * -0.74 + 065 -0.60 + 0.23 0.01

" p < 0.05 : Planovalgus vs Normal
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Fig. 5. Comparison of kinetics.
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(Table 6, Fig. 6).

Table 6. Comparison of parameters of percent

(Ratio).

muscle lengths

Parameters Planovalgus Normal P value
Gluteusmedius Maximum length(stance)* 0.98 + 0.07 1.02 % 0.05 0.01
Minimum length(swing)* 0.91 * 0.07 0.95 =+ 0.04 0.00
Iliacus Maximum length(stance)* 1.07 * 0.11 1.19 * 0.06 0.00
Minimum length (swing)* 0.91 + 0.09 1.04 + 0.06 0.00
Adductor Maximum length(swing)* 1.39 * 036 1.22 + 0.29 0.04
Minimum length(stance)* 0.84 * 0.22 0.73 * 0.18 0.04
Rectus Maximum length(stance)* 0.99 + 0. 04 1.04 +0.01 0.00
Minimum length(swing)* 0.86 *= 0.03 0.89 =+ 0.02 0.00
Vasti Maximum length(swing) 1.16 *= 0.02 1.15 * 0.01 0.89
Minimum length(stance) 1.02 + 0.04 1.01 + 0.01 0.28
Semimembranosus Maximum length(stance) 1.08 * 0.07 1.11 * 0.04 0.08
Minimum length(swing)* 0.93 *= 0.05 0.90 =+ 0.03 0.00
Gracilis Maximum length(swing)* 1.22 + 0.09 1.15 * 0.05 0.00
Minimum length(stance) 0.97 + 0.06 0.96 * 0.04 0.51
Bicepsfemoris Maximum length(swing)* 1.11 * 0.08 1.06 * 0.05 0.00
Minimum length(stance) 0.94 + 0.06 0.93 * 0.05 0.28
Medial gastrocnemius  Maximum length(stance) 1.26 + 0.09 1.26 + 0.04 0.99
Minimum length (swing) 1.07 + 0.07 1.09 = 0.03 0.52
Lateral gastrocnemius Maximum length(stance) 1.26 + 0.09 1.26 + 0.04 0.97
Minimum length (swing) 1.11 + 0.07 1.10 + 0.03 0.41

" p < 0.05 : Planovalgus vs Normal
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Fig. 6. Comparison of muscle lengths (Ratio).
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o] AATHP < 0.05)(Table 7, Fig. 7).

Table 7. Comparison of parameters of percent muscle velocities

(Ratio).

Parameters Planovalgus Normal P value
Gluteus medius Maximum velocity(swing) 0.00003 + 0.00005 0.00004 + 0.050 0.32
Minimum velocity(swing) -0.00001 + 0.00003 -0.00001 + @02 0.51
lliacus Maximum velocity(stance 0.00004 + 0.00005 0.00002 + 0.00004 0.04
Minimum velocity(swing) -0.00006 + 0.00005 -0.00009 =+ 0.00003 0.00
Adductor Maximum velocity(swing) 0.00028 + 0.00011 0.00027 + 0060 0.71
Minimum velocity(stance) -0.00023 + 0.00009 -0.00020 $0003 0.23
Rectus Maximum velocity(stance) 0.00004 + 0.00005 0.14190 +* 682 0.93
Minimum velocity(swing) -0.00006 + 0.00005 -0.21067 =* 0.03846  0.00
Vagti Maximum velocity(stance) 0.00013 =+ 0.00006 0.16237 =+ 8®@2 0.27
Minimum velocity(swing) -0.00012 + 0.00004 -0.21800 + 0.03876 0.00
Semimembranosus Maximum velocity(swing 0.00004 + 0.00005 0.27867 + 0.04890 0.00
Minimum velocity(stance -0.00002 + 0.00004 -0.19167 =+ 0.03550 0.00
Gracilis Maximum velocity(swing 0.00008 + 0.00005 0.14377 + 0.03734 0.04
Minimum velocity(stance) -0.00006 + 0.00005 -0.14133 $3050 0.84
Bicepsfemoris Maximum velocity(swing 0.00022 + 0.00011 0.19833 + 0.04220 0.03
Minimum velocity(stance -0.00021 + 0.00010 -0.13420 =+ 0.02665 0.03
Medial gastrocnemius  Maximum velocity(swing 0.00000 + 0.00000 0.37000 + 0.10000 0.00
Minimum velocity(stance 0.00000 + 0.00000 -0.34000 + 0.08000 0.00
Lateral gastrocnemius Maximum velocity(swing. 0.00000 + 0.00000 0.29000 + 0.08000 0.00
Minimum velocity(stance 0.00000 + 0.00000 -0.32000 + 0.07000 0.00

" p < 0.05 : Planovalgus vs Normal
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Fig. 7. Comparison of muscle velocities (Ratio).
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Table 8. Comparison of relative impulses.

R.I. Group | Group 11 P value
Hallux 23.8% + 11.6% 20.7% + 10.8% 0.63
1st MT. 16.0% * 6.8% 18.4% * 8.1% 0.26
2nd MT. 17.6% * 7.1% 19.5% * 6.6% 0.29
3-4th MT. 14.2% = 5.7% 12.4% = 6.4% 0.27
5th MT. 6.5% + 3.5% 6.1% + 5.0% 0.55
Lat Mid. 4.9% + 5.8% 3.6% + 4.5% 0.37
Med Mid. 6.9% + 4.9% 9.5% + 7.5% 0.27
Lat Cal. 4.6% * 5.2% 4.2% + 4.2% 0.99
Med Cal. 5.5% + 6.8% 5.6% + 5.7% 0.86
R.I. : relative impulse (%)

MT. : metatarsal head
Mid. : midfoot

Cal. : calcaneus

_22_
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A A TH(Table 9).

Table 9. Comparison of temporospatial parameters.

Group | Group 11 P value
Cadence (steps/min) 107.28 + 25.89 101.97 + 4111 0.71
Walking speed (m/s) 0.70 £ 0.22 0.57 + 0.29 0.10
Step length (m) 0.39 £ 0.13 0.31 £ 0.13 0.08
Step time () 0.58 + 0.16 0.78 * 0.59 0.68
Step width (m) 0.23 + 0.07 0.24 + 0.17 0.31
Stridelength (m) 0.79 + 0.24 0.64 * 0.26 0.60
Stridetime(s) 1.19 + 0.32 3.32 £+ 9.69 0.83
Oppositefoot contact (%) 51.31 % 2.49 48.37 + 6.98 0.06
Opposite foot off (%) 1791 + 7.10 21.37 + 1353 0.81
Foot off (%) 68.10 + 7.18 69.62 + 10.74 0.91
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Table 10. Comparison of parameters of kinematics.

Parameters Group | Group || P value
Peak anterior tilt during stance 16.32 + 5.16 20.68 +48.2 0.18
Peak posterior tilt during stance 758 + 584 1155 +47.9 0.13
Pelvis Peak up obliquity during stance 455 + 4.27 570 + 4.14 430.
(degrees)  Peak down oblliquity during stance -4.32 + 4.07 -5.83 394 0.36
Peak internal rotation during stance 992 + 7.87 14.63 13.78 0.22
Peak external rotation during swing -921 + 893 -12.72 13.32 042
Peak flexion during stance 4577 + 6.28 47.14 + 9.12 0.90
Peak extension during stance * 7.09 + 7.52 1.70 + 10.13050.
Hip Peak adduction during stance 579 *+ 6.44 539 = 649 0.61
(degrees)  Peak abduction during swing* -6.01 + 541 -1142 + 6.62 010.
Peak internal rotation during stance 17.00 + 9.39 1924 1111 0.42
Peak external rotation during swing -9.26 + 6.90 -13.3%9 1261 0.36
Peak flexion during swing* 65.39 + 7.14 58.72 + 12.77 0.05
Peak extension during stance* 3141 + 6.43 378 + 874 00.0
Knee Peak varus during stance 18.37 + 5.57 1866 =+ 7.82 0.63
(degrees)  Peak valgus during swing -7.88 + 4.46 -8.92 + 5.60 0.46
Peak internal rotation during swing 3413 + 1882 2462 1458 0.10
Peak external rotation during stance* 2190 + 17.03 45% 1419 0.01
Peak dorsiflexion during stance* 18.26 + 6.69 11.60 + 46.3 0.00
Peak plantarflexion during stance -9.97 + 1443 -11.64 1236 0.39
Ankle & foot Peak ankle internal rotation* 923 + 11.32 6.85 + 19.46.000
(degrees)  Peak ankle external rotation during swing -30.84 +571.-25.65 + 1594 042
Peak foot internal roation during stance  -13.71 + 39.3 206 + 16.20 0.26
Peak foot external rotation during swing -33.75 + 37.525.77 + 19.76 0.96

“p < 0.05: Group I vs Group II
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Fig. 8. Comparison of kinematics.
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AATHP < 0.05)(Table 11, Fig. 9).

Table 11. Comparison of parameters of kinetics during stance
phase.

Group | Group 11 P value
Sagittal Peak extension * 1.03 + 051 0.67 £0.44 0.04
(N-m/kg) Peak flexion -0.36 + 0.20 -0.36 *+ 0.24 0.12
Coronal Peak abduction 052 £+ 034 044 £ 0.49 0.23
Hip (N-m/kg) Peak adduction -0.25 + 0.27 -0.26 * 0.22 0.08
Transverse Peak internal rotation 0.12 £ 0.09 0.11 £ 0.16 0.09
(N-m/kg) Peak external rotation -0.14 + 0.08 -0.11 * 0.07 0.10
Power  Generation 0.85 + 051 1.12 + 0.79 0.20
(N/kg)  Absorption -0.23 +0.21 -0.31 + 0.33 0.12
Sagittal Peak extension * 0.46 + 0.18 0.28 + 0.20 0.01
(N-m/kg) Peak flexion -0.18 + 0.08 -0.37 + 0.33 0.23
Coronal Peak valgus 0.38 + 0.22 0.28 + 0.27 0.10
K nee (N-m/kg) Peak varus -0.23 £ 0.17 -0.21 + 0.12 0.09
Transverse Peak internal rotation 0.06 + 0.07 0.11 £ 0.26 0.24
(N-m/kg) Peak external rotation -0.12 + 0.08 -0.09 + 0.05 0.65
Power Generation 0.48 + 043 0.48 + 0.43 0.28
(N/kg)  Absorption -0.80 + 0.39 -0.76 + 0.63 0.42
Sagittal Peak dorsiflexion * 121 + 036 0.79 £ 0.45 0.00
(N-m/kg) Peak plantarflexion -0.08 + 0.13 -0.02 + 0.03 0.10
Ankle Transverse Peak internal rotation 0.06 + 0.06 0.12 + 0.31 0.56
(N-m/kg) Peak external rotation -0.13 £ 0.08 -0.09 % 0.05 0.47
Power Generation 1.30 +0.76 1.13 + 258 0.50
(N/kg)  Absorption -1.03 + 0.75 -0.60 * 0.57 0.49

“p < 0.05: Group I vs Group II
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Fig. 9. Comparison of kinetics.
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(Table 12, Fig. 10).

AAJ TP < 0.05). AHFE
oA 9

- o)
TH X

At
A2

Py
=

A 2 Tl A Z
(P < 0.05)

Zo

N
-

Table 12. Comparison of parameters of percent muscle lengths

(Ratio).

Parameters Group | Group |1 P value
Gluteus medius Maximum length(stance) 0.99 + 0.06 0.98 + 0.08 0.49
Minimum length(swing) 0.93 + 0.06 0.90 + 0.07 0.33
Iliacus Maximum length(stance) 1.04 + 0.10 1.08 + 0.11 0.12
Minimum length (swing) 0.91 + 0.08 0.91 * 0.10 0.32
Adductor Maximum length(swing) 1.32 + 0.28 1.42 + 0.39 0.22
Minimum length(stance) 0.90 + 0.20 0.80 + 0.23 0.47
Rectus Maximum length(stance) 0.99 + 0.03 1.00 * 0.04 0.51
Minimum length(swing)* 0.89 + 0.03 0.85 + 0.03 0.00
Vasti Maximum length(swing) 1.16 + 0.02 1.15 * 0.02 0.23
Minimum length(stance)* 1.06 * 0.02 1.00 * 0.03 0.00
Semimembranosus Maximum length(stance) 1.06 + 0.05 1.10 + 0.07 0.71
Minimum length(swing)* 0.92 + 0.04 0.94 + 0.05 0.00
Gracilis Maximum length(swing) 1.19 + 0.06 1.24 =+ 0.10 0.12
Minimum length(stance) 0.99 + 0.04 0.96 + 0.06 0.06
Bicepsfemoris Maximum length(swing) 1.10 + 0.06 1.12 =+ 0.08 0.52
Minimum length(stance) 0.96 + 0.05 0.93 + 0.06 0.21
Medial gastrocnemius Maximum length(stance)* 1.20 + 0.06 1.29 + 0.09 0.00
Minimum length (swing)* 1.04 + 0.05 1.09 * 0.07 0.02
Lateral gastrocnemius Maximum length(stance)* 1.19 + 0.06 1.29 + 0.09 0.00
Minimum length (swing)* 1.08 + 0.05 1.13 * 0.07 0.01

“p < 0.05: Group I vs Group II
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Fig. 10. Comparison of muscle lengths (Ratio).
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Table 13. Comparison of parameters of percent muscle velocities

(Ratio).

Parameters Group | Group |1 P value

Gluteus medius Maximum velocity(swing)  0.00001 + 0.00004 0.00004 + 0@®O 0.45
Minimum velocity(swing) ~ 0.00000 + 0.00000 -0.00002 + @04 0.21

Iliacus Maximum velocity(stance)* 0.00001 + 0.00003 0.00005 +00@ 0.01
Minimum velocity(swing)* -0.00004 + 0.00005 -0.00007 00005 0.04

Adductor Maximum velocity(swing) ~ 0.00025 + 0.00012 0.00030 + 00DO 0.16
Minimum velocity(stance)* -0.00016 + 0.00005 -0.00025 H@10 0.00

Rectus Maximum velocity(stance)* 0.00001 * 0.00004 0.00005 *00@  0.01
Minimum velocity(swing)* -0.00002 + 0.00004 -0.00008 00005 0.00

Vagti Maximum velocity(stance)  0.00011 + 0.00005 0.00013 + Q00 0.35

Minimum velocity(swing)  -0.00011 + 0.00003 -0.00012 +@05 0.23
Semimembranosus Maximum velocity(swing) ~ 0.00004 + 0.00005 0.00004 + 0@®0 0.86
Minimum velocity(stance) -0.00001 * 0.00004 -0.00003 #0004 0.36

Gracilis Maximum velocity(swing) ~ 0.00008 + 0.00006 0.00007 + 0@®0 0.82
Minimum velocity(stance) -0.00004 + 0.00005 -0.00007 ®0005 0.18
Bicepsfemoris Maximum velocity(swing)  0.00021 + 0.00013 0.00022 + 0@®0 0.61

Minimum velocity(stance) -0.00017 + 0.00005 -0.00023 ©0011 0.06
Medial gastrocnemius Maximum velocity(swing)  0.00068 + 0.00022 0.00067 + 0200 0.93
Minimum velocity(stance) -0.00074 + 0.00016 -0.00069 ©@0026 0.48
Lateral gastrocnemius Maximum velocity(swing)  0.00050 + 0.00018 0.00049 + 00®@0 0.96
Minimum velocity(stance) -0.00054 + 0.00010 -0.00053 ©0021 0.87

“p < 0.05: Group I vs Group II
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Fig. 11. Comparison of muscle velocities (Ratio).
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Abstract

New development of gait classification using musculoskeletal
modelling in cerebral palsy patients with planovalgus

Young-jin Seo

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Hui Wan Park)

Children with cerebral palsy show many kinds of pathologic gait and
bony deformities. Planovalgus is the most common foot deformity in
children with cerebral palsy. Several previous gait analysis after
correction of planovalgus reported improvement in gait parameters.
However, patients with planovalgus show diverse gait and these
different gait may be affected by length and velocity of muscle. The
purpose of our study was to characterize the gait pattern of patient
with planovalgus and to evaluate the effect of muscle length and
velocity.

Between 2003 and 2005, patients with spastic diplegia and planovalgus
above 5 years old were included. The patients were diagnosed as having
planovalgus deformities when forefoot abduction and supination and
hindfoot valgus were revealed on physical examination and increased

medial foot pressure on dynamic pedobarography. Patients who could
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walk independently were selected. Patients who had undergone
selective posterior rhizotomy, other orthopaedic surgery and botulinium
injection within 6 months before surgery were excluded. 22 patients
were included, and 17 patients were boys and 5 patients were girls.
The mean age at the time of evaluation was 12 years(5 years ~ 18
years). The normal group was composed of 15 nomal children between
5 years and 15 years . To classify by the competence of ankle
plantarflexion—-knee extension coupling, the patients were divided into
group I with knee flexion gait and group II with knee hyperextension
gait. In group I, knee flexion was more than 30 degrees during
mid-stance phase and in group II, knee flexion was less than 15 degrees
during mid-stance phase. In group I, 5 patients were boys and 2
patients were girls, and average age was 12 years(5+9 years ~ 18years).
In group II, 12 patients were boys and 3 patients were girls, and average
age was 77 years(b years~11+3 years).

Anterior pelvic tilt and pelvic rotation were increased and peak hip
extension was decreased in planovalgus group. And knee flexion at
initial contact was increased and knee flexion during swing phase was
decreased. Ankle dorsiflexion during stance phase was decreased also.
In planovalgus group, the percent anatomical lengths of iliacus and
gluteus medius were shorter than that of normal group. The percent
anatomical lengths of rectus femoris were shoter than that of normal
group. There was no difference in the percent anatomical lengths of
gastrocnemius. But, the percent velocity of gastrocnemius was
decreased in planovalgus group.

The angle of knee extension was decreased in group I. The angle of
ankle dorsiflexion was decreased in group II. There was no difference

in the percent length of knee flexor. The lengths of gastrocnemius were
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decreased in group I. There was no difference in the velocity of knee
flexor and gastrocnemius.

The stiffness of gastrocnemius in planovlagus was induced by slow
velocity, but the lengthening of gastrocnemius was thought essential
to correct planovlagus deformity and improve knee extension-ankle
plantarflexion coupling. Also, lengthening of gastrocnemius might to

be done in knee flexion gait and knee extension gait.

Key Words : planovalgus, cerebral palsy, muscle length, gait

analysis
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