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Effects of Ankle Foot Orthosis on Post-stroke Hemiplegic Gait
—A Meta-analysis —

Deog Young Kim, M.D., Ph.D., Seung Ki Kim, M.D., Jong Bum Park, M.D. and Jin Kyu Yang,
M.D.

Department and Research Institute of Rebabilitation Medicine, Yonsei University College of Medicine

Obijective: The aim of this meta-analysis was to investigate the effects of ankle foot orthosis on adult
post-stroke hemiplegic patients’ walking ability and pattern.

Method: We searched for the case controlled clinical trials about the effects of ankle foot orthosis (AFO)
for walking ability and pattern using quantitative gait analysis in adult post-stroke patients, which
published between January 1950 and July 2012 in PubMed, and searching engine of Journal of Korean
Academy of Rehabilitation Medicine. The mean standardized difference (MSD) and a 95% confidence
interval (Cl) were estimated for gait ability and pattern using fixed effect models.

Results: Sixteen of the 56 articles were included in this analysis. The selected studies involved a total
of 274 patients. The walking speed, cadence, the portion of double limb supporting, stride length on
affected side, the portion of swing period on unaffected side, and symmetry of swing period were
improved by AFO. The oxygen cost was decreased by AFO. The AFO did improve ankle dorsiflexion
at initial contact, maximal ankle dorsiflexion at swing phase, but the ankle plantar flexion at push-off
did not.

Conclusion: The ankle foot orthosis has some evidence to improve the walking ability and gait pattern
in post-stroke hemiplegic patients. (Brain & NeuroRehabilitation 2013; 6: 1-8)
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Table 1. Major Information of Selected Sixteen Clinical Trials
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Authors Journal Subject Study design  Types of orthosis  Familiarization Measure
Hesse S Int J Rehabil Res 19 subacute/chronic ~ Within Rigid double-stopped Immediate =~ Temporospatial
(1996) pts group AFO
Hesse S Stroke (1999) 21 subacute/chronic ~ Within Rigid double-stopped Immediate =~ Temporospatial
pts group AFO
Tyson SF Clin Rehabil (2001) 25 subacute, chronic Cross-over Hinged PLS Immediate =~ Temporospatial
pts
Danielsson A J Rehab Med (2004) 10 chronic pts Within Carbon composite Immediate ~ Temporospatial,
group AFO Energy consumption
Wit DC Clin Rehabil (2004) 20 chronic pts Within Non-articualted AFO Immediate =~ Temporospatial
group
Franceschini M Clin Rehabil (2003) 9 chronic pts Within AFO Immediate =~ Temporospatial,
group Energy consumption
Gok H Clin Rehabil (2003) 12 subacute/chronic ~ Within Plastic, Metallic AFO  Immediate =~ Temporospatial,
pts group Kinematic
Marcus P Clin Rehabil (2006) 28 subacute pts Within Semi-rigid Immediate ~ Temporospatial
group double-stopped AFO
Thijssen DH Arch Phys Med 27 chronic pts Within HKAFO 3 weeks Temporospatial,
Rehabil (2007) group Energy consumption
Chen CC Arch Phys Med 14 subacute/chronic  Cross-over Anterior/posterior Immediate =~ Temporospatial,
Rehabil (2010) pts AFO Kinematic
Yamamoto S Prosthet Orthot Int 10 chronic pts Cross-over AFO with oil damper 3 weeks Temporospatial,
(2011) Kinematic
Erel S Clin Rehabil (2011) 14 chronic pts Within Dynamic AFO 3 months Temporospatial
group
Kim MJ J Korean Acad 30 subacute/chronic ~ Within Posterior leaf-spring Immediate =~ Temporospatial
Rehab Med (1994)  pts group AFO
Jang SJ J Korean Acad 15 chronic pts Within 5 degree Ankle DF Immediate =~ Temporospatial,
Rehab Med (1999) group AFO Kinematic
Chon JS J Korean Acad 10 subacute/chronic ~ Within Hinged PLS Immediate =~ Temporospatial,
Rehab Med (2000)  pts group Kinematic, Energy
consumption
Rah UW J Korean Acad 10 chronic pts Within PLS Immediate =~ Temporospatial,
Rehab Med (2001) group Energy consumption

pts: patients, AFO: ankle-foot orthosis, PLS: posterior leaf spring.
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Study name Statistics for each study Difference in means and 95% ClI

Difference  Standard Lower  Upper

in means error Variance limit limit Z-value  p-value
Franceschini M et al (2003) 0.099 0.058 0.003 -0.011 0.208 1.762 0.078 I—-—
Danielsson A et al (2004) 0.070 0.021 0.000 0.028 0.112 3.300 0.001 | |
Thijssen DH et al (2007) 0.038 0.061 0.004 -0.080 0.157 0.632 0.527 -
Gok H et al (2003) 0.090 0.060 0.004 -0.027  0.207 1.512 0.130 -
Hesse S et al (1996) 0.220 0.073 0.005 0.077  0.363 3.006 0.003 —
Hesse S et al (1999) -0.010 0.049 0.002 -0.107  0.087 -0.202 0.840 =
Wit DC et al (2004) 0.050 0.076 0.006 -0.099 0.199 0.659 0.510 B
Rah UW et al (2001) 0.092 0.057 0.003 -0.020 0.204 1.603 0.109 =
Chon JS et al (2000) 0.057 0.083 0.007 -0.106  0.220 0.687 0.492 ——
Yamamoto et al (2011) 0.160 0.115 0.013 -0.065 0.385 1.395 0.163 T
Chih-Chi et al (2010) -0.005 0.068 0.005 -0.139  0.129 -0.071 0.944 ——
S F Tyson et al (2001) 0.070 0.028 0.001 0.015 0.125 2.475 0.013 1 3
Erel et al (2011) 0.270 0.132 0.017 0.012 0.528 2.052 0.040
Kim MJ et al (1994) 0.108 0.073 0.005 -0.035 0.250 1.479 0.139 T—

0.072 0.013 0.000 0.047  0.097 5.625 0.000 ¢
-1.00 -0.50 0.00 0.50 1.00
without AFO with AFO
Fig. 1. Comparison of walking speed (m/sec) between with and without AFO.

Study name Statistics for each study Difference in means and 95% Cl

Difference Standard Lower Upper

in means error Variance limit limit Z-value p-value
Thijssen DH et al (2007) 3.000 4.907 24.074 -6.617  12.617 0.611 0.541 —i—
Gok H et al (2003) 5.000 7.785 60.601 -10.258  20.258 0.642 0.521 =
Hesse S et al (1996) 12.000 6.977 48.684 -1.675 25.675 1.720 0.085 =
Hesse S et al (1999) 1.000 5.094 25.952 -8.985 10.985 0.196 0.844 ——
Rah UW et al (2001) 2.600 9.728 94.625 -16.466 21.666 0.267 0.789 L
Chon JS et al (2000) 7.200 8.167 66.698 -8.807 23.207 0.882 0.378 -
S F Tyson et al (2001) 9.400 4.809 23.123 -0.025 18.825 1.955 0.051 ——

5.562 2.319 5.379 1.016 10.108 2.398 0.016 <@
-30.00 -15.00 0.00 15.00 30.00
without AFO with AFO

Fig. 2. Comparison of cadence (step/min) between with and without AFO.
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Hesse S et al (1996) 22.000 6.617 43.789 9.30 34.970 3.325 0.001
Hesse S et al (1999) 3.000 5.403 29.190 -7.589 13.589 0.555 0.579
Rah UW et al (2001) 12.000 11.610 134.800 -10.756 34.756 1.034 0.301
S F Tyson et al (2001) 4.900 4.016 16.132 -2.972 12.772 1.220 0.222
7.889 2.812 7.905 2.378 13.399 2.806 0.005 L 2
-40.00 -20.00 0.00 20.00 40.00
without AFO  with AFO
Fig. 3. Comparison of stride length (cm) on affected side between with and without AFO.
A Affected side
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Thijssen DH et al (2007) 3.000 3.538 12.519 -3.935 9.935 0.848 0.396 L
Gok H et al (2003) 4.000 3.266 10.667 -2.401 10.401 1.225 0.221 i
Chon JS et al (2000) 0.200 4.394 19.309 -8.412 8.812 0.046 0.964
Chih-Chi et al (2010) -0.966 3.809 14.510 -8.432 6.500 -0.254 0.800
S F Tyson et al (2001) 2.000 3.014 9.086 -3.908 7.908 0.664 0.507 —
1.925 1.573 2473 -1.157 5.007 1.224 0.221
-12.00 -6.00 0.00 6.00 12.00
B Unaffected side
Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Thijssen DH et al (2007) 3.000 4.221 17.815 -5.273 11.273 0.711 0.477
S F Tyson et al (2001) 1.400 2.758 7.607 -4.006 6.806 0.508 0.612
1.879 2.309 5.331 -2.646 6.404 0.814 0.416

-12.00 -6.00 0.00 6.00

with AFO

12.00
without AFO

Fig. 4. Comparison of step length (cm) between with and without AFO (A: affected side, B: unaffected side).

Study name Statistics for each study
Difference Standard Lower
in means error Variance limit
Thijssen DH et al (2007) 4.000 3.697 13.667 -3.246
Hesse S et al (1996) 2.600 2.432 5.916 -2.167
Hesse S et al (1999) 5.700 1.799 3.238 2173
Chon JS et al (2000) 5.400 5.307 28.169 -5.002
Marcus P et al (2006) 4.800 4.906 24.069 -4.816
4.591 1.262 1.592 2.118

Fig. 5. Comparison of double supporting time (%) between

4 »

Difference in means and 95% ClI

Upper

limit Z-value p-value

11.246 1.082 0.279

7.367 1.069 0.285 T
9.227 3.168 0.002 —-
15.802 1.017 0.309

14.416 0.978 0.328

7.064 3.639 0.000 L 2

-20.00 -10.00 0.00 10.00 20.00

without AFO with AFO

with and without AFO.



A Portion of stance phase
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Thijssen DH et al (2007) 3.000 1.925 3.704 -0.772 6.772 1.559 0.119
Hesse S et al (1999) 2.100 1.884 3.548 -1.592 5.792 1.115 0.265
2.540 1.346 1.812 -0.098 5.179 1.887 0.059
-10.00 -5.00 0.00 5.00 10.00
B Portion of swing phase
Study name Statistics for each study Difference in means and 95% ClI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Thijssen DH et al (2007) 3.000 1.925 3.704 -0.772 6.772 1.559 0.119
Hesse S et al (1999) 2.200 1.884 3.548 -1.492 5.892 1.168 0.243
2.591 1.346 1.812 -0.047 5.230 1.925 0.054

-10.00 -5.00 0.00 5.00 10.00
without AFO  with AFO

Fig. 6. Comparison of portion of phase (%) on affected side between with and without AFO (A: portion of stance phase, B: portion

of swing phase).

A Portion of stance phase

Study name Statistics for each study Difference in means and 95% ClI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Thijssen DH et al (2007) 1.000 2.194 4.815 -3.301 5.301 0.456 0.649
Hesse S et al (1999) 5.500 1.146 1.312 3.255 7.745 4.801 0.000
4.536 1.016 1.031 2.546 6.527 4.467 0.000
-10.00 -5.00 0.00 5.00 10.00
B Portion of swing phase
Study name Statistics for each study Difference in means and 95% ClI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Thijssen DH et al (2007) 1.000 2.194 4.815 -3.301 5.301 0.456 0.649
Hesse S et al (1999) 6.500 1.251 1.564 4.049 8.951 5.197 0.000
5.151 1.087 1.181 3.022 7.281 4.741 0.000

-10.00 -5.00 0.00 5.00 10.00
without AFO  with AFO

Fig. 7. Comparison of portion of phase (%) on unaffected side between with and without AFO (A: portion of stance phase, B: portion

of swing phase).
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A stance phase

Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Hesse S et al (1999) 2.000 3.409 11.619 -4.681 8.681 0.587 0.557 = ]
Hesse S et al (1996) -1.000 3.366 11.332 -7.598 5.598 -0.297 0.766
0.481 2.395 5.737 -4.213 5.176 0.201 0.841
-10.00 -5.00 0.00 5.00 10.00
B Swing phase
Study name Statistics for each study Difference in means and 95% ClI
Difference Standard Lower Upper
in means error Variance limit limit Z-value p-value
Hesse S et al (1999) 13.000 4.024 16.190 5.114 20.886 3.231 0.001
Hesse S et al (1996) 3.300 10.837 117.436 -17.940 24.540 0.305 0.761
11.825 3.772 14.229 4.432 19.218 3.135 0.002

-30.00-15.00 0.00 15.00 30.00
without AFO  with AFO

Fig. 8. Comparison of symmetry at swing phase (%) between with and without AFO (A: stance phase, B: swing phase).

A Oxgen rate

Study name Statistics for each study Difference in means and 95% ClI

Difference Standard Lower Upper

in means error Variance limit limit Z-value p-value
Franceschini M et al (2003)  0.450 0.837 0.701 -1.191 2.091 0.537 0.591
Danielsson A et al (2004) -0.200 0.202 0.041 -0.597 0.197 -0.988 0.323 r
Rah UW et al (2001) 1.960 1.070 1.146 -0.138 4.058 1.831 0.067
Chon JS et al (2000) 1.300 1.562 2.441 -1.762 4.362 0.832 0.405

-0.074 0.192 0.037 -0.450 0.303 -0.383 0.702 L3
-6.00 -3.00 0.00 3.00 6.00

B oxygen cost
Study name Statistics for each study Difference in means and 95% ClI

Difference Standard Lower Upper

in means error Variance limit limit Z-value p-value
Franceschini M et al (2003)  0.270 0.152 0.023 -0.028 0.568 1.776 0.076 J?-
Danielsson A et al (2004) 0.070 0.029 0.001 0.013 0.127 2.401 0.016
Thijssen DH et al (2007) 0.040 0.063 0.004 -0.083 0.163 0.637 0.524 -
Rah UW et al (2001) 0.110 0.123 0.015 -0.131 0.351 0.894 0.371 T
Chon JS et al (2000) 0.190 0.180 0.032 -0.163 0.543 1.055 0.291

0.075 0.025 0.001 0.025 0.124 2.960 0.003 ¢
-1.00 -0.50 0.00 0.50 1.00
with AFO  without AFO

Fig. 9. Comparison of energy consumption between with and

R27E 284, v ZA ) Hs B 0.08 mlkgm
(95% 50177 0.03~0.12)2 2|54 723t THp =
0.003) (Fig. 9).
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without AFO (A: oxygen rate (ml/kg/min), B: oxygen cost (ml/kg/m)).
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A Ankle dorsiflexion at initial contact

Study name
Difference
in means
Gok H et al (2003) 15.810
Jang SJ et al (1999) 4.900
Chon JS et al (2000) 5.000
Yamamoto et al (2011) 6.190
7.348

Standard
error

3.374
2.447
3.860
2.559
1.451

B Maximal ankle dorsiflexion at stance phase

Study name
Difference
in means
Jang SJ et al (1999) -0.900
Chon JS et al (2000) 1.600
Yamamoto et al (2011) 5.260
1.948

C Ankle plantar flexion at push-off phase

Study name
Difference
in means
Jang SJ et al (1999) 4.300
Chon JS et al (2000) 6.300
Yamamoto et al (2011) -8.510
-1.132

Standard
error

2.754
2.672
2.794
1.581

Standard
error

2.936
3.847
2.553
1.772

D Minimal ankle dorsiflexion at swing phase

Study name
Difference
in means
Gok H et al (2003) 15.820
Jang SJ et al (1999) 4.700
Chon JS et al (2000) 7.400
Yamamoto et al (2011) 9.080
8.141

Standard
error

4.115
2.758
3.482
3.961
1.723

Statistics for each study

[E|ZZ T WOH| HOoA| CHIX| HZ7|9| maf

—HEf BA—

Difference in means and 95% ClI

Lower Upper
Variance limit limit Z-value p-value
11.384 9.197 22.423 4.686 0.000
5.987 0.104 9.696 2.003 0.045
14.900 -2.566 12.566 1.295 0.195
6.548 1.175 11.205 2.419 0.016 —-
2.107 4.503 10.193 5.063 0.000 <&
-25.00-12.50 0.00 12.50 25.00
Statistics for each study Difference in means and 95% ClI
Lower Upper
Variance limit limit Z-value p-value
7.585 -6.298 4.498 -0.327 0.744
7.141 -3.638 6.838 0.599 0.549
7.807 -0.216 10.736 1.883 0.060
2.500 -1.151 5.047 1.232 0.218
-12.00 -6.00 0.00 6.00 12.00
Statistics for each study Difference in means and 95% Cl
Lower Upper
Variance limit limit Z-value p-value
8.619 -1.454 10.054 1.465 0.143
14.801 -1.240 13.840 1.638 0.102
6.516 -13.513 -3.507 -3.334 0.001
2.967 -4.508 2.244 -0.657 0.511
-16.00 -8.00 0.00 8.00 16.00
Statistics for each study Difference in means and 95% ClI
Lower Upper
Variance limit limit Z-value p-value
16.935 7.754 23.886 3.844 0.000
7.609 -0.706 10.106 1.704 0.088
12.125 0.575 14.225 2125 0.034
15.690 1.317 16.843 2.292 0.022
2.970 4.763 11.519 4.724 0.000 <&

-28.00 -14.00 0.00 14.00 28.00

without AFO  with AFO

Fig. 10. Comparison of ankle kinematic parameters between with and without AFO (A: ankle dorsiflexion at initial contact (°), B: maximal
ankle dorsiflexion at stance phase (°), C: ankle plantar flexion at push-off phase (°), D: maximal ankle dorsiflexion at swing phase (°)).
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