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Effect of Ankle Foot Orthosis on Hemiplegic Gait

Nam Jong Palk, M.D., Jong Min Lee, M.D.* and Chang Won Kim, M.D.

Deparuoment of Rehabilitation Medicine, National Rehabilitation Hospital,
Dangkuk University Coliege of Medicine*

Hemiplegic gait is characterized by slow and poorly coordinated movements of the affected
limb resulting from foot drop or equinus deformities. Ankle-foot orthoses(AFQ) are frequently
prescribed to improve the gait pattern of hemiplegics. Plastic AFQ with different trimlines in
controlling ankle motion can cause variable biomechanical effects.

In this study, we analysed the biomechanical effect of donning AFO on hemiplegic gait and
assessed whether any differences resulted when the AFO was modified. Gait events, plantar
pressure, foot contact and centers of pressure{(COP) parameters were measured with F-scan
pressure sensitive insole system in 21 hemiplegic siroke patients with Brunnsttom’s lower
extremity stage 3. And those parameters were compaired in each of four different conditions:
1) before donning AFO, 2) donning AFO without any modification, 3) donning AFO with the
distal part of metatarsal head trimmed off, 4) donning AFO with third condition and weaning
a cushioned heel shoes.

After donning AFQ, total contact area and contact width were increased, and initial contact
COP and mean COP were displaced medially. But contact length was not changed and initial
contact COP and mean COP were not displaced anteroposteriorly. Anteroposterior displacement
of COP, slope and velocity of COP were not also changed after donning AFQ. Among various
AFO adjustments, there were no significant changes of plantar pressure, foot contact and COP
parameters,

The results suggest that 1) AFO provides mediolateral stability, but does not provide additional
functional rocker actions during stance phase and 2) There were no definite different bio-
mechanical actions among varjous adjustments of plastic AFQ in hemiplegic gait of Brunnstrom’s
lower exiremity stage 3.

Key Words: Hemiplegic gait, Ankle-foot orthoses, Center of pressure, F-scan, Pedobarography
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Fig, 1. Mean gait cycle in hemiplegic walking before
donning AFO,
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Table 1. Comparison of Plantar Pressures between Af-
fected and Unaffected Side in Hemiplegic Gait
before Domning AFQ'
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Table 3. Comparison of Initial Contact COP' and Mean
COP between Affected and Unaffected Side in
Hemiplegic Gait before Donning AFQ

Affected Unaffected  P-value Affected  Unaffected P-value
Peak pressute 2114103 19177 0.66 Initial Contact COP'
(Nfem®) x-cootdinate 6.3£20 11.0+15 001
Force-time y-coordinate 3514103 47641 0.01
integrals(N-sec) Mean COP'
Forefoot 1734125 2924198 003 x-coordinate 7821  109+10 001
Midfoot 142494 3412227 002 y-coordinate 338+57 354422 036
Hindfoot 1554112 409+179 0,01
!, COP: Centers of pressure
Total 47.0£229 104.1+573 001 * AFO: Ankle-foot orthoses

! AFO: Ankle-foot orthoses

Table 2, Comparison of Foot Contact between Affected
and Unaffected Side in Hemiplegic Gait before

Table 4. Comparison of COP' Path between Affected and
Unaffected Side in Hemiplegic Gait before

Donning AFO' Donning AFQ?
Affected Unaffected  P-value Affected Unaffected  P-value
Total contact 824313 11964172 001 Anteroposterior 944136 15.0+43 0.01
area(cm®) distance(cm)
Contact 193+26 20315 0.10 Mediolateral 1.4+038 2007 0.08
length(cm} distance{cm)
Contact width(cm) Slope 5.1+4.7 53+26 0.54
Forefoot 6.41:0.8 6.810.6 0.03 :
Midfoot 31414 4014 004 , COP: Centers of pressure
Hindfoot 44+10 52407 005 + AFO: Ankle-foot orthoses

! AFO: Ankle-foot orthoses
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Table 5. Changes of Gait Cycle in Hemiplegic Gait after Donning AFO'

After AFOQ'
1
Before AFO No” MTH” Cushioned”
modification off heel
Stance phase{%)

Affected side 64.3 63.5 65.6 66.8
Unaffected side 88.2* 83.1 83.0 317

Single limb support phase(%)
Affected side 13.1*% 17.1 18.2 21.6
357 346 349 352

Unaffected side

! AFO: Ankle-foot orthoses

Y. Trim line is extended to the most distal part of the toes.

. Trim line is at just proximal to metatarsal head.
. 1) and cushioned heel shoes were worn,
* p<0.05 by repeated measures. ANOVA test
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Table 6. Changes of Plantar Pressure in Hemiplegic Gait after Donning AFOQ'

After AFO'
E
Before AFO No” MTH? Cushioned ©
modification off heel
-Peak pressure(Nfcm®) 211 177 179 167
Force-time integrals(N-sec)
Forefoot ' 173 258 26.0 232
Midfoot 14.2 153 19.3 181
" Hindfoot 15.5 11.4 24.1 239
Total 47.0 51.2 69.3 65.3

'. AFO: Ankle-foot orthoses
No statistically significant difference

Y; Trim line is extended to the most distal part of the toes.

": Trim line is at just proximal to metatarsal head.
o b) and cushioned heel shoes were worn,

Table 7. Changes of Foot Contact in Hemiplegic Gait after Donning AFO'

After AFO'
| .
Before AFO No¥ MTH" Cushioned

modification off heel

Total contact aroa(cm®) 82.4%. 91.8 90.2 92.0

Contact length(cm) 19.3 19.2 18.8 18.9
Contact width(cm) .

Forefoot 6.4% 7.5 7.3 7.6

Midfoot 31 34 34 35

Hindfoot 44 5.5 5.6 56

' AFO: Ankle-foot orthoses

¥ Trim line is extended to the most distal part of the toes.

" Trim line is at just proximal to metatarsal head.
“: b) and cushioned heel shoes were worn,
* p<<0.05 by repeated measures ANOVA test
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Table 8. Changes of Initial Contact COP' and Mean COP' in Hemiplegic Gait after Donning AFQ?

After AFO’
2
Before AFO No® MTH" Cushioned ©
modification off heel
Tnitial contact COP'
%-coordinate 6.3* 8.4 8.1 8.0
y-coordinate 35.1 329 335 30.8
Mean COP'
x-coordinate 7.8% 8.8 8.7 88
y-coordinate 33.8 305 33.0 327
!, COP: Centers of pressure
2 AFO: Ankle-foot orthoses
% Trim line is extended to the most distal part of the toes.
®: Trim line is at just proximal to metatarsal head.
9. b) and cushioned heel shoes were worn.
* p<0.05 by repeated measures ANOVA test
Table 9. Changes of COP' Path in Hemiplegic Gait after Donning AFQ?
After AFO"
2
_ Before AFO No” MTH"” Cushioned ©
modification oft heel
Anteroposterior distance(cm) 9.4 8.3 8.3 7.0
Mediolateral distance{cm) 1.4 1.8 1.4 1.1
Slope 5.1 4.9 5.3 5.9
!, COP: Centers of pressure
?, AFO: Ankle-foot orthoses
No statistically significant difference
®. Ttim line is extended to the most distal part of the toes,
™ Trim line is at just proximal to metatarsal head.
9. b) and cushioned heel shoes were worn,
o Before AFO T #
S 12 k I[:'Jngl_I_IMggifiﬁc:eltion
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< 51 o] AR} D Wrlu) ML FpAe Ag A
0 I} L A . 'l ]

0 10 30 50 60 80
Stance Phase Gait Cycle(%)

Fig. 2. Changes of COP in hemiplegic gait after donning
AFOQ. a) Affected side, b) Unaffected side.
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a) Affected side

No Heel Rocker

b) Unaftected side

No Ankle Rocker

No Ankle Rocker

Hoby] HalA] ez ¥ z7)e) YA 665

No Forefoot Rocker

Normal

Fig. 3. Types of COP path according to rocker action in hemiplegic gait.
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