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Abstract 65 

Background: Gait improvement in patients with stroke using ankle-foot orthosis (AFO) has been 66 

compared to the effects of non-AFO use in previous studies, but the effect of different kinds of AFOs 67 

has not been clear. When considering the effect of different kinds of AFOs on gait, the dorsiflexion 68 

and plantar flexion moment of resistance is considered a key determinant of functional effect. In this 69 

study, the effect on gait of using an AFO with an oil damper (AFO-OD), which has plantar flexion 70 

resistance but no dorsiflexion resistance, and a nonarticulated AFO, which has both dorsiflexion and 71 

plantar flexion resistance, were compared in a randomized controlled trial. 72 

Methods: Forty-one patients (31 men, 10 women; mean age 58.4 ± 11.3 years) in the subacute phase 73 

of stroke were randomly allocated to two groups to undergo 2 weeks of gait training by 74 

physiotherapists while wearing an AFO-OD or a nonarticulated AFO. A motion capture system was 75 

utilized to measure shod gait without orthosis at baseline and after training with the allocated AFO. 76 

Data analysis was performed focused on the spatial and temporal parameters, ground reaction force, 77 

shank-to-vertical angle, and ankle joint kinematics and kinetics. Two-way mixed ANOVA was 78 

performed to clarify the effect of AFO use and the difference between the two AFOs. 79 

Results: Thirty-six patients completed the study (17 in the AFO-OD group and 19 in the nonarticulated 80 

AFO group). Spatial and temporal parameters and ankle joint kinematics were improved after 2 weeks 81 

in both AFO groups. Interactions were found for the range of shank-to-vertical angles in paretic single 82 

stance and ankle peak power absorption. In the AFO-OD group, both parameters improved when the 83 

participants walked with the AFO compared to the shod gait, but there was no change in the 84 

nonarticulated AFO group. Power generation was not increased in either AFO group. 85 

Conclusions: The results of this study showed that AFO with plantar flexion resistance but without 86 

dorsiflexion resistance improved the range of the shank-to-vertical angle and ankle power absorption 87 

but not power generation in a paretic stance. 88 
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(336/350 words) 89 

Trial registration: UMIN000028126 Registered 1 August 2017, 90 

https://upload.umin.ac.jp/cgi-bin/icdr/ctr_menu_form_reg.cgi?recptno=R000032197 91 
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AFO: ankle-foot orthosis 97 

AFO-OD: ankle-foot orthosis with an oil damper 98 

SVA: shank-to-vertical angle 99 
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1. Introduction 113 

Ankle-foot orthoses (AFOs) are commonly used in clinical practice to improve gait in patients 114 

with stroke. Systematic reviews have shown that AFOs can improve stroke gait by modifying the 115 

kinematics of the ankle and knee joints in the stance phase and preventing foot drop in the swing 116 

phase [1,2]. However, the evidence for the use of an AFO remains limited because of a lack of 117 

sufficient information regarding the effects of different kinds of AFOs on gait. Considering the effect 118 

of different kinds of AFOs on gait, the stiffness of an AFO is considered a key determinant of its 119 

functional effect. In this context, stiffness is defined as the slope of the curve of resistance (resistive 120 

moment) versus ankle joint angle when an AFO is deformed in plantar flexion or dorsiflexion [3,4]. 121 

A systematic review showed that AFO stiffness mainly affected ankle kinematics, suggesting that 122 

greater stiffness could generally result in a decreased peak ankle joint angle in both plantar flexion 123 

and dorsiflexion [5]. Some AFOs have been developed to assist insufficient muscle activity through 124 

resistance [6,7]. Therefore, it is necessary to know the effect of different kinds of AFOs with 125 

different moments of resistance on the gait of patients. 126 

Based on the results of gait analysis of patients with stroke, an AFO with an oil damper (AFO-127 

OD) was developed to assist the dorsiflexors in the loading response [8,9]. The resistive moment is 128 

generated by an oil damper when the ankle joint moves to plantar flexion and the ankle joint of the 129 

AFO-OD moves freely to dorsiflexion. Gait improvement with AFO-ODs has been shown in some 130 

previous studies, but the results were reported in comparison to gait without an AFO [10,11]. A 131 

randomized controlled trial comparing AFO-ODs and AFOs with plantar flexion stops in 40 patients 132 

in the subacute phase of stroke found that the function of AFOs in plantar flexion affected the 133 

forward inclination of the pelvis and thorax during gait [12]. As the next step, AFO function during 134 

dorsiflexion should be compared. 135 

The dorsiflexion resistance of an AFO prevents excessive dorsiflexion in the mid-to late stance 136 
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phase, which offsets weakness in the plantar flexors [13,14]; however, strong resistance to dorsiflexion 137 

impedes smooth movement of the ankle during the stance phase [1,15,16]. The dorsiflexion angle in 138 

mid-stance affects the progression of the center of pressure, affecting the ankle joint moment and 139 

power [17]. However, to our knowledge, no studies have compared the ankle joint kinetics between 140 

AFOs with and without dorsiflexion resistance and how these differences affect the gait of patients 141 

with stroke. In the present randomized controlled trial, the gait with an AFO-OD, which allowed the 142 

ankle joint to move freely with no resistance, was compared to the gait with a nonarticulated AFO, 143 

which had dorsiflexion resistance. Both AFOs offered plantarflexion resistance. The hypothesis was 144 

that the angle of dorsiflexion in mid-stance was restricted when walking with a nonarticulated AFO 145 

and that this restriction affected the ankle joint kinetics in stance. 146 

 147 

2. Methods 148 

2.1 Participants 149 

The participants were patients with subacute stroke (more than 14 and less than 180 days after 150 

onset). Patients in the subacute phase were selected for this study because the gait of patients in the 151 

chronic phase is affected largely by AFOs in daily use. The participants were inpatients at a 152 

rehabilitation center who were walking independently with or without assistive devices and had been 153 

prescribed gait training with an AFO. The following exclusion criteria were applied: pre-existing 154 

pathology affecting the central nervous system or neuromuscular system and communication problems. 155 

Participants whose step length had a negative value were excluded from the analysis because a 156 

negative step length indicates an active reduction in paretic propulsion due to severe ankle plantar 157 

flexor impairment resulted in a different gait pattern [18]. All participants underwent gait training 158 

under physiotherapists’ supervision. None had previously used an AFO, and all were enrolled in the 159 

study when they began walking 10 m under supervision. We calculated the sample size for performing 160 
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two-way mixed analysis of variance (ANOVA) based on a previous study with peak dorsiflexion angle 161 

in stance phase as the main outcome, assuming a variance of 5.3° and a difference of 5° between the 162 

articulated and nonarticulated AFO groups [19]. The significance level was 0.05, and the power was 163 

0.8. Using the G-Power program (Kiel University, Kiel, Germany), the required sample size per group 164 

was calculated as 15. To account for data loss, 41 participants were recruited for this study. The study 165 

protocol was approved by the ethics committees of the International University of Health & Welfare 166 

and Nakaizu Rehabilitation Center. Written informed consent was obtained from all participants prior 167 

to their participation in this study. 168 

2.2 Experimental AFO 169 

The orthoses used in this study were an AFO-OD (GaitSolution, Kawamura-gishi, Osaka, Japan) 170 

and a nonarticulated AFO. The AFO-OD had a mechanical ankle joint with an oil damper (Figure 1) 171 

[9] that generated a resistive moment when the ankle joint moved in plantar flexion. The resistive 172 

moment could be changed by rotating a screw at the top of the oil damper from 1 (flexible) to 4 (rigid). 173 

In the present study, the screw was set to 3 because this level is used most frequently by patients in 174 

the subacute phase of stroke [12]. The AFO-OD allowed the ankle joint to move freely in dorsiflexion 175 

without any resistance. The nonarticulated AFO used in this study had no mechanical joint and an 176 

ankle trim line behind the malleoli (Figure 1). The initial ankle joint angle was set at neutral when 177 

the patient wore an AFO in both groups. Given that the AFOs were not custom-made, we prepared 6 178 

AFOs for each group, namely, right and left AFOs in each of 3 sizes (small, medium, and large). The 179 

resistive moment of all AFOs was measured using a goniometer, a force meter (digital force gauge, 180 

IMADA, Japan), and a metronome. Because of differences in the inherent characteristics of plastic, 181 

which has elasticity, and the oil damper, which has viscosity, the measurement was static for the 182 

nonarticulated AFO and dynamic for the AFO-OD. Table 1 shows the characteristics of the AFOs as 183 

the average of the right and left AFOs in each size. For the AFO-OD, the plantar flexion resistive 184 
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moment was the peak value when the AFO was manually flexed at slow speed (approximately 5 deg/s) 185 

or at fast speed (approximately 20 deg/s). 186 

2.3 Study protocol and data processing 187 

Gait was measured using a motion capture system with 8 Vicon MX cameras (VICON Motion 188 

System, Ltd., Oxford, UK) and 6 AMTI force plates (Advanced Mechanical Technology, Inc., Phoenix, 189 

AZ). Reflective markers were attached to the participants’ bodies in accordance with the Plug-In Gait 190 

model. Additional markers were used on the medial side of the knee and ankle joints to precisely 191 

calculate the joint centers. Marker trajectories and force plate data were captured at a sampling 192 

frequency of 100 Hz. The participants wore shoes (V-step; Pacific Supply, Osaka, Japan) that were 193 

suitable size for each condition with and without an AFO. The use of a cane was permitted, but it had 194 

to be used in a consistent manner when walking without an AFO and with either type of AFO. 195 

First, shod gait with no AFO was measured at each participant’s self-selected walking speed 196 

along an 8-m walkway. Next, the participants were randomly allocated to the AFO-OD group or the 197 

nonarticulated AFO group. Then, the participants started gait training sessions for 1 h daily over 2 198 

weeks under the supervision of physiotherapists. They also participated in general physiotherapy, 199 

including range of motion (ROM) exercises, balance training, and muscle training. There were no 200 

differences in the physiotherapy processes between the two AFO groups. After 2 weeks of training, 201 

gait with the allocated AFOs was measured using the same procedure. The participants did not use any 202 

kind of AFOs in their daily lives except during gait training. 203 

Marker trajectories and force plate data were low-pass filtered by a second-order Butterworth 204 

filter with cutoff frequencies of 6 and 18 Hz, respectively. The gait cycle time and duration of each 205 

gait phase were defined using force plate data. The trajectories of heel markers were used if the 206 

participant walked with a cane on their nonparetic side. Given that participants were in subacute stroke, 207 

they did not show a heel rise in the paretic single stance. Therefore, the gait cycle was defined as the 208 
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loading response, single-stance, preswing, and swing phases of the paretic limb. The measured spatial 209 

and temporal parameters were velocity, step length, and duration of each gait cycle. The anterior and 210 

posterior components of the ground reaction force were also calculated. The angle of inclination of 211 

the shank segment relative to the vertical (shank-to-vertical angle, SVA) in the sagittal plane was 212 

calculated in view of its importance when evaluating gait with an AFO [20]. Ankle joint kinematics 213 

and kinetics were calculated using an inverse dynamic model. Step length was normalized by each 214 

participant’s body height, and ground reaction force, joint moment, and power were normalized by the 215 

participant’s body weight. Kinematic and kinetic data were obtained for the paretic limb. All 216 

calculations were performed using Visual 3D software version 6 (C-Motion Inc., Kingston, ON, 217 

Canada). 218 

2.4 Statistical analysis 219 

All gait parameters are presented as the average of at least three gait cycles for each condition 220 

(without an AFO before training and with an AFO after training). The data were assessed for normality 221 

by the Shapiro-Wilk test. For the baseline data, differences between the two AFO groups in all gait 222 

parameters without AFOs were compared using the unpaired t test or the Mann-Whitney U test. For 223 

the comparison of gain between the with- and without-AFO conditions, two-way mixed ANOVA was 224 

performed for normally distributed data, with wearing or not wearing an AFO as a paired factor and 225 

type of AFO as a nonpaired factor. If no interaction was found, the main effects of the two factors were 226 

evaluated. If an interaction was found, the effect of wearing or not wearing an AFO was compared 227 

within each group using one-way ANOVA. For data that were not normally distributed, the effect of 228 

wearing or not wearing an AFO was compared using the Wilcoxon signed-rank test, and the effect of 229 

the type of AFO worn was examined using the Mann-Whitney U test. The correlation coefficient was 230 

also calculated between parameters that showed significant interactions in each group. A p-value < 231 

0.05 was considered statistically significant. All statistical analyses were performed using SPSS for 232 
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Windows version 25 (IBM Corp., Armonk, NY). 233 

 234 

3. Results 235 

One participant in each group was withdrawn because of missing data during the study period. 236 

Three participants were excluded from the analysis due to negative paretic-to-nonparetic step length 237 

at baseline, leaving data from 36 participants for inclusion in the analysis (AFO-OD group, n = 17; 238 

nonarticulated AFO group, n = 19), as shown in Figure 2. There was no significant difference between 239 

the groups in age, body height and weight or days since stroke onset at baseline (Table 2). Eleven of 240 

17 participants in the AFO-OD group and 15 of 19 in the nonarticulated AFO group used a cane. 241 

In the baseline comparison, no difference was found in any gait parameter. No significant main 242 

effects of AFO group were found for any of the parameters according to the type of AFO worn 243 

(p>0.05) (data not shown in the tables). The results for temporal and spatial factors, ground reaction 244 

forces, and SVA angle are shown in Table 3. Significant interactions were found for the range of SVA 245 

during the single-stance phase (p = 0.029, F = 5.14). The range of SVA during single stance was 246 

significantly increased in the AFO-OD group (p = 0.006, F = 10.14), but not in the nonarticulated AFO 247 

group. A significant main effect of AFO use was found according to whether an AFO was worn in both 248 

groups for many parameters, including velocity, paretic to nonparetic step length (p=0.01, F=12.73), 249 

nonparetic to paretic step length (p < 0.001, F = 20.19), single-stance time (p = 0.003, F = 9.97), 250 

anterior component of the ground reaction force (p = 0.006, F = 8.73), SVA at paretic initial contact 251 

(p = 0.024, F = 5.55), and SVA at nonparetic initial contact (p < 0.001, F = 18.35), all of which were 252 

significantly increased with AFO use. Temporal factors, cycle time (p < 0.001, F =30.12), loading 253 

response time and preswing time were significantly decreased by the use of an AFO. 254 

The results for ankle joint kinematics and kinetics are shown in Table 4. An interaction was found 255 

with peak ankle power absorption (p = 0.006, F = 8.89), which was significantly increased in the AFO-256 
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OD group (p =0.001, F = 16.76) but not in the nonarticulated AFO group. As a significant main effect 257 

of AFO use, the peak dorsiflexion ankle joint angle was increased (p=0.024, F=5.58), and the peak 258 

plantar flexion moment in stance was increased (p<0.001, F=24.32) in both groups when an AFO was 259 

worn. The p-values of each AFO group for parameters that were not normally distributed are shown 260 

in Tables 3 and 4. Figure 3 shows the ankle power graph in paretic stance. The bold lines show the 261 

average of the participants in each AFO group, and the thin lines show the standard deviation. In the 262 

AFO-OD group, the negative power was increased when the participants walked with the AFO-OD, 263 

but there were no changes in the nonarticulated AFO group. 264 

Figure 4 shows the relationship of the range of SVA in single stance with peak power absorption 265 

during gait for each AFO type. Each mark represents an individual participant (white, AFO-OD group; 266 

black, nonarticulated AFO group). The SVA range was negatively correlated with peak power 267 

absorption in the nonarticulated AFO group (r = −0.81, p < 0.001). However, these parameters were 268 

restricted to a narrow range in this AFO group, with the exception of two participants, both of whom 269 

had a large SVA range of more than 15°, even when walking without an AFO. The ranges of SVA 270 

during the single-stance and peak power absorption phases were variable, and the correlation 271 

coefficient was not significant (r=-0.47) in the AFO-OD group. 272 

 273 

4. Discussion 274 

In this study, the effect of two kinds of AFOs on the gait of patients with stroke was investigated. 275 

The mechanical characteristics of both types of AFOs used in this study were compared. The plantar 276 

flexion resistance was 3.12 to 3.19 Nm/deg in the nonarticulated AFO group. The ankle joint angle at 277 

initial contact was -2.5 deg, and the maximum plantar flexion was -6.5 deg, as shown in Table 3. This 278 

means that the ankle joint moved to plantar flexion at approximately 4 deg; thus, the peak plantar 279 

flexion resistance was approximately 12 Nm. On the other hand, the peak plantar flexion resistance of 280 
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the AFO-OD was 3.08 to 5.81Nm These results indicate that the peak plantar flexion resistance of the 281 

AFO-OD was smaller than that of the nonarticulated AFO. Plantar flexion resistance can affect the 282 

gait during the loading response [21]. However, no difference was found in gait parameters in the 283 

loading phase in this study. Dorsiflexion resistance was 1.75 to 1.92 Nm/deg in the nonarticulated 284 

AFO. In a systematic review that investigated the impact of AFO stiffness on gait, the reported range 285 

of stiffness in the included studies was 0.02–8.17 Nm/deg [5]. Another study comparing 4 kinds of 286 

AFOs showed a stiffness range of 0.2 to 2.0 Nm/deg [22]. Referring to these results, the dorsiflexion 287 

stiffness of the nonarticulated AFO used in this study was moderate to relatively stiff. 288 

In our hypothesis, we predicted that the peak ankle joint angle in dorsiflexion would be larger 289 

when the AFO-OD was used and would affect ankle kinetics. Our results showed that the peak 290 

dorsiflexion angle with an AFO was 6.73° in the AFO-OD group and 1.39° in the nonarticulated AFO 291 

group, with no significant interaction (p = 0.062). However, the range in SVA during the single-stance 292 

phase was increased in the AFO-OD group, and no difference was found in the nonarticulated AFO 293 

group. The range in SVA was related to the paretic-to-nonparetic step length. In this study, no 294 

interaction was found for paretic-to-nonparetic step length (p=0.065). Regarding ankle joint kinetics, 295 

the peak ankle power absorption was increased in the AFO-OD group, but no difference was found in 296 

the nonarticulated AFO group. Therefore, the hypothesis was partially proven. 297 

Ankle power absorption is related to the eccentric contraction of the plantar flexors in mid stance 298 

[17]. It is obtained by multiplying the plantar flexion moment by the angular velocity of ankle joint 299 

dorsiflexion. Based on the results of the present study, the plantar flexion moment was increased in 300 

both AFO groups. Therefore, the difference of the power between AFO groups was probably caused 301 

by the difference in the angular velocity of ankle joint dorsiflexion, which in turn was related to the 302 

increased range in SVA in the AFO-OD group. In previous studies, the dorsiflexion resistance of AFOs 303 

was thought to be important to compensate for the insufficient activity of the plantar flexors during 304 
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gait [13,14,23]. However, the results of this study showed that the moderate to relatively stiff 305 

dorsiflexion resistance of an AFO can impede ankle kinetics in paretic stance. As shown in Figure 4, 306 

the peak power absorption was closely related to the range in SVA in the nonarticulated AFO group 307 

due to assisted dorsiflexion by the AFO. However, it was restricted within a narrow range. On the 308 

other hand, the peak power absorption was variable in the AFO-OD group because it depended on the 309 

plantar flexor activity of each participant. Although dorsiflexion was not supported by the AFO, no 310 

participant in the AFO-OD group collapsed during paretic stance. 311 

The effect of plantar flexion resistance of AFOs has been shown in previous studies [1,2], but to 312 

the best of our knowledge, the effect of dorsiflexion resistance is still unclear. To determine the effect 313 

of AFO function in dorsiflexion, forward rotation of the shank in paretic stance is a key parameter 314 

[20,24]. When the patients walked wearing the AFO with plantar flexion stops, the ankle joint was 315 

dorsiflexed, and the knee joint was flexed, thereby excessively pushing the shank forward in loading 316 

response [25,26]. In this case, it is necessary for the AFO to assist the plantar flexors in preventing 317 

excessive forward rotation of the shank. The AFO-OD allows plantar flexion movement with 318 

resistance during the loading response, and the shank is not pushed excessively forward [10,26]. This 319 

situation allows smooth forward rotation of the shank in midstance without dorsiflexion resistance of 320 

the AFO. The result obtained in this study demonstrate the effect of AFO function in loading response 321 

on ankle joint kinetics in midstance. In future studies, AFO function should be investigated in terms 322 

of the combined effect of plantar flexion and dorsiflexion resistance. 323 

Increased power absorption in the stance phase might affect power generation in late stance. The 324 

extended plantar flexors store energy and generate propulsive force in late stance [27, 28]. However, 325 

there was no significant increase in ankle power generation in either AFO group. The interaction 326 

between groups was not significant (p=0.055). Both types of AFO used in our study resisted plantar 327 

flexion; as shown in Table 4, the AFO inhibited plantar flexion during preswing. This result is similar 328 
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to a previous finding that power generation was decreased if the AFO resisted plantar flexion [16, 29]. 329 

The AFO-OD was not able to increase the power generation in late stance, even though the power 330 

absorption was increased in stance phase. 331 

The results showed a main effect of AFO use on many gait parameters. These effects are similar 332 

to the results of previous systematic reviews related to gait improvement with AFOs [1,2]. Because 333 

the participants in the present study were patients in the subacute phase, the results included the effects 334 

of not only AFO use but also gait recovery and physiotherapy. Improved gait parameters after 2 weeks 335 

were similar to the results shown in a systematic review of gait improvement by exercise-based 336 

rehabilitation [30]. However, the effects of the use of AFO, gait recovery, and physiotherapy could not 337 

be differentiated in this study. 338 

This study had some other limitations. First, the plantar flexion resistive moments of the AFO-339 

OD and nonarticulated AFO were the same for each study participant. The results of the present study 340 

might have been different if the resistive moment of the AFOs had been adjusted for each individual 341 

participant. Second, there was a difference in the resistance to plantar flexion between the two types 342 

of AFO used in this study in terms of viscosity and elasticity. Most participants in both AFO groups 343 

used canes on their nonparetic side. The use of canes indirectly affected the ankle power of the paretic 344 

stance, but these participants could not walk without canes. Moreover, this study was conducted at a 345 

rehabilitation hospital, and thus, further study in different settings will be necessary to explore the 346 

generalizability of the results. 347 

 348 

5. Conclusion 349 

This randomized controlled trial assessed the effect of a nonarticulated AFO, which resists 350 

dorsiflexion, with those of an AFO-OD, which does not. Both AFOs had plantar flexion resistance. 351 

The findings in 36 patients in the subacute phase of stroke showed that the range of SVA in the single 352 
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stance phase and peak power absorption were significantly increased in the AFO-OD group, but no 353 

difference was found in the nonarticulated AFO group. These gait parameters were correlated with one 354 

another in the nonarticulated AFO group but were restricted to a narrow range in most patients. Power 355 

generation was not increased in either AFO group. The results of this study showed that AFO with 356 

plantar flexion resistance but without dorsiflexion resistance improved ankle power absorption, but 357 

not power generation, in a paretic stance. (3,621 words) 358 
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Figure captions 459 

Fig. 1. The ankle-foot orthoses used in this study. Left: An ankle-foot orthosis with an oil damper 460 

(AFO-OD). Right: A nonarticulated ankle-foot orthosis. 461 

Fig. 2 Consolidated Standard of Reporting Trials (CONSORT) flowchart. 462 

Fig. 3 Graph of average ankle power in paretic stance in each AFO group (n=17 in the AFO-OD group, 463 

n=19 in the nonarticulated group) 464 

bold line, average; thin line, standard deviation 465 

Fig. 4 Relationship between shank-to-vertical angle range and ankle peak power absorption. 466 

SVA, shank-to-vertical angle; AFO-OD, ankle-foot orthosis with oil damper; nonarticulated AFO, 467 

nonarticulated ankle-foot orthosis 468 
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Table 1 Characteristics of the AFOs used in this study 477  
AFO-OD Non-articulated AFO 
Small Medium Large Small Medium Large 

Weight (g) 395 430 500 310 360 385 

Calf height (cm) 32.0 35.0 37.0 32.0 35.0 37.0 

Foot length (cm) 22.5 24.5 27.0 22.5 24.5 27.0 

Width (cm) N.A. N.A. N.A. 6.7 6.7 7.0 

Wall thickness 
(cm) 

0.3 0.3 0.3 0.3 0.3 0.3 

Plantar flexion 
resistance 

3.12 Nm* 3.38 Nm* 3.08 Nm* 3.19 

Nm/deg 

3.16 

Nm/deg 

3.12 

Nm/deg 5.46 Nm** 5.81 Nm** 5.74 Nm** 

Dorsi flexion 
resistance 

N.A. N.A. N.A. 
1.80 

Nm/deg 

1.75 

Nm/deg 

1.92 

Nm/deg 

AFO-OD: ankle-foot orthosis with an oil damper; NA-AFO: non-articulated AFO 478 
*Peak resistive moment at slow speed; **Peak resistive moment at fast speed 479 
 480 
 481 
 482 
 483 
 484 
 485 
 486 
 487 
 488 
 489 
 490 
 491 
 492 
 493 
 494 
 495 
 496 
 497 
 498 
 499 
 500 
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Table 2 Patient characteristics 501  
AFO-OD 
(n = 17) 

Nonarticulated AFO 
(n = 19) 

 

Sex Male: 13, Female:4 Male: 15, Female: 4  

Age, years 56.2 (12.9) 60.5 (9.7) ns 

Body height, cm 167.2 (7.6) 165.5 (7.6) ns 

Body weight, kg 58.7 (9.5) 64.5 (11.6) ns 

Diagnosis 
Cerebral hemorrhage: 10, 

Cerebral infarction : 7 

Cerebral hemorrhage: 7, 

Cerebral infarction : 12 
 

Paretic side Right: 8, Left: 9 Right: 11, Left: 8  

Days since onset 69.7 (41.6), Min: 28, Max: 145 65.8 (39.5), Min: 22, Max: 147 ns 

Brunnstrom stage 
of lower extremities 

II: 2, III: 7, IV: 3, V: 5 II: 0, III: 11, IV: 5, V: 3  

Manual ROM test 
of ankle joint 

0°: 1, 5°: 8, 10°: 5, 15°: 3 
-5°: 1, 0°: 2, 5°: 4, 10°: 6, 15°: 

5, 20°: 0, 25°: 1 
 

Modified Ashworth 
Scale 

0: 5, 1: 3, 1+: 4, 2: 5 0: 7, 1: 4, 1+: 6, 2: 2  

Use of cane Yes: 11, No: 6 Yes: 15, No: 4  

Mean (standard deviation) 502 
AFO-OD: ankle-foot orthosis  with an oil damper; NA-AFO: non-articulated AFO; ns: 503 
not significant; ROM: range of motion 504 
 505 
 506 
 507 
 508 
 509 
 510 
 511 
 512 
 513 
 514 
 515 
 516 
 517 
 518 
 519 
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Table 3 Results of temporal and spatial factors, ground reaction forces, and shank-to-vertical angle 
 AFO-OD Nonarticulated AFO Interaction Main effect of 

AFO use 
With vs without 

Without With Without With With vs 
without 

AFO-OD Nonarticulated 
AFO 

Spatial and temporal         

Velocity (m/s)# 0.180 
(0.136) 

0.332 
(0.189) 

0.222 
(0.174) 

0.367 
(0.120) 

  <0.001** 0.001** 

Step length (paretic to non-
paretic)/height 

0.145 
(0.067) 

0.200 
(0.083) 

0.171 
(0.068) 

0.189 
(0.059) 

0.065 0.01*   

Step length (non-paretic to 
paretic)/height 

0.168 
(0.082) 

0.209 
(0.073) 

0.159 
(0.074) 

0.202 
(0.061) 

0.921 <0.001**   

Cycle time (s) 2.238 
(0.549) 

1.886 
(0.623) 

2.258 
(0.440) 

1.854 
(0.563) 0.827 <0.001**   

Loading response time (s)# 0.400 
(0.218) 

0.308 
(0.242) 

0.425 
(0.168) 

0.317 
(0.129) 

  0.011** 0.005** 

Single stance time (s) 0.376 
(0.112) 

0.428 
(0.104) 

0.400 
(0.101) 

0.429 
(0.118) 

0.379 0.003**   

Preswing time (s)#   <0.001** 0.001** 
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0.858 
(0.604) 

0.425 
(0.525) 

0.717 
(0.396) 

0.386 
(0.360) 

Swing time (s)# 0.629 
(0.182) 

0.593 
(0.152) 

0.669 
(0.141) 

0.583 
(0.117) 

  0.031* 0.013* 

Ground reaction force         

Peak posterior (N/kg) -0.815 
(0.384) 

-0.904 
(0.462) 

-0.814 
(0.193) 

-0.857 
(0.207) 

0.399 0.125   

Peak anterior (N/kg) 0.368 
(0.163) 

0.449 
(0.246) 

0.313 
(0.210) 

0.495 
(0.305) 

0.273 0.006**   

Shank to vertical angle         

Initial contact (°) -5.276 
(4.357) 

-2.793 
(5.089) 

-6.828 
(6.117) 

-5.772 
(5.397) 0.339 0.024*   

Initial contact of non-
paretic limb (°) 

8.422 
(7.818) 

14.209 
(6.330) 

7.615 
(4.389) 

10.376 
(4.992) 

0.124 <0.001**   

Range in single stance (°) 4.774 
(3.499) 

8.088 
(4.623) 

5.364 
(4.034) 

5.642 
(4.888) 

0.029*  0.006** 0.614 

AFO-OD: AFO with an oil damper; shank to vertical angle: forward inclination +; mean (standard deviation) for normally distributed 
data; median (interquatile range) for non-normally distributed data; ns: not significant 
*p<0.05; **p<0.01; #Not normally distributed 
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Table 4 Result of ankle joint kinematics and kinetics 
 AFO-OD Nonarticulated 

AFO 
Interaction Main 

effect of 
AFO use 

With vs without 

Without With Without With With vs 
without 

AFO-
OD 

Nonarticulated 
AFO 

Ankle angle         

Initial contact (°)# -6.73 
(3.97) 

1.98 
(5.75) 

-10.37 
(9.92) 

-2.48 
(4.32) 

  0.001** 0.001** 

Peak plantar flexion in loading 
response (°)# 

-9.73 
(5.44) 

-1.25 
(6.15) 

-10.81 
(8.38) 

-6.54 
(4.26) 

  0.003** <0.001** 

Peak dorsiflexion in single stance 
(°) 

2.60 
(6.91) 

6.73 
(6.54) 

0.97 
(4.85) 

1.39 
(4.76) 0.062 0.024*   

Peak plantar flexion in pre-swing 
(°)# 

-3.14 
(4.65) 

3.06 
(7.19) 

-5.08 
(8.53) 

-1.07 
(3.78) 

  0.003** 0.008** 

Peak dorsiflexion in swing (°)# -0.89 
(5.22) 

5.46 
(7.28) 

-4.67 
(7.89) 

0.05 
(4.17) 

  0.01* 0.04* 

Ankle moment         

Peak dorsiflexion in loading 
response (Nm/kg)# 

0.00 
(0.07) 

-0.07 
(0.08) 

0.00 
(0.04) 

-0.08 
(0.07) 

  0.001** <0.001** 
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Peak plantar flexion in stance 
(Nm/kg) 

0.67 
(0.24) 

0.92 
(0.30) 

0.61 
(0.23) 

0.74 
(0.21) 0.138 <0.001**   

Ankle power         

Peak absorption in stance (W/kg) -0.30 
(0.15) 

-0.58 
(0.37) 

-0.30 
(0.29) 

-0.28 
(0.17) 0.006**  0.001** 0.341 

Peak generation in stance (W/kg) 0.22 
(0.15) 

0.32 
(0.22) 

0.24 
(0.22) 

0.20 
(0.20) 0.055 0.623   

AFO-OD: AFO with an oil damper; joint angle: dorsiflexion, flexion +; internal joint moment: plantar flexion, extension +; mean (standard 
deviation) for normally distributed data; median (interquatile range) for non-normally distributed data; ns: not significant 
*p<0.05; **p<0.01; #Not normally distributed 
 
 



Figures

Figure 1

The ankle-foot orthoses used in this study. Left: An ankle-foot orthosis with an oil damper (AFO-OD).
Right: A nonarticulated ankle-foot orthosis.



Figure 2

Consolidated Standard of Reporting Trials (CONSORT) �owchart.



Figure 3

Graph of average ankle power in paretic stance in each AFO group (n=17 in the AFO-OD group, n=19 in
the nonarticulated group)bold line, average; thin line, standard deviation



Figure 4

Relationship between shank-to-vertical angle range and ankle peak power absorption. SVA, shank-to-
vertical angle; AFO-OD, ankle-foot orthosis with oil damper; nonarticulated AFO, nonarticulated ankle-foot
orthosis


