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Background and Objectives:  Equinovarus deformity and knee hyperextension are 
the most common problems in stroke patients. Ankle foot orthosis (AFO) is common-
ly prescribed to improve these disorders in these patients, as well as gait parameters 
that are approved. The aim of this study is to investigate the effect of ankle alignment 
and rigid AFO footplate length on spatiotemporal parameters and knee joint angle in 
hemiplegic post-stroke patients.

Materials and Methods: This quasi-experimental study was performed on 6 hemi-
plegic post-stroke patients using three rigid AFO modes, including neutral ankle angle 
with full-length foot-plate -conventionally aligned AFO (CAFO), neutral ankle angle 
with ¾ length foot plate (¾AFO), and 50dorsi-flexion ankle angle with full-length 
foot-plate (50DF AFO) to investigate the effect of the alignment and foot plate length 
on spatiotemporal parameters and knee joint angle. The 3D motion analysis system 
with a Vicon Camera was used to collect the spatiotemporal parameters data.

Results: The mean walking speed of patients after using 50DF AFO was signifi-
cantly higher compared to CAFO (P=0.036). The mean stride length, cadence and 
maximum knee extension angle in the stance phase during single limb support was 
not significantly different in the three different test modes of ¾AFO, CAFO, 50DF 
AFO (P > 0.05).

Conclusion: The DF AFO with 50ankle angle increases the walking speed and also 
controls knee hypertension in the terminal stance phase, which can be due to the pro-
gression of tibia in the mid to late stance phase and the alteration of ground reaction 
force vector.

Keywords: Stroke, Hemiplegia, AFO, Alignment, Walking speeds, Knee kinemat-
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Introduction
Stroke (cerebrovascular accident, CVA) is a type of 

acute nerve injury due to abnormalities in the blood 
supply to part of the brain tissue (Easton et al., 2009). 
Limb movement asymmetry, difficulty and slowness 
of movement and reduced walking speed are some re-

lated complications (Bovonsunthonchai, Hiengkaew, 
Vachalathiti, & Vongsirinavarat, 2011). Moreover, the 
changes in the gait pattern of patients due to remain-
ing muscle weakness, spasm, and abnormal move-
ments may be seen and these factors may also cause 
poor balance, increased energy consumption and the 
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risk of falling (da Cunha Jr et al., 2002). Improve-
ment of gait pattern and recovery in the ability to walk 
are the main objectives of rehabilitation in these pa-
tients (Danielsson & Sunnerhagen, 2004). The most 
widely prescribed orthosis for hemiplegic patients is 
ankle foot orthosis (AFO). The AFO can prevent the 
ankle planar flexion in the stance phase, and control 
the knee hyperextension, indirectly (Hsu, Michael, & 
Fisk, 2008). Clinically, keeping the ankle in dorsiflex-
ion about 5 to 10 degrees causes the knee to fit in 
the proper degree of flexion, reducing the tendency 
towards genurecurvatum in the stance phase (Chen, 
Yeung, Wu, & Chiang, 1998; Eddison, Chockalin-
gam, & Osborne, 2015; Hung, Chen, Yu, & Hsieh, 
2011). Some researchers like Lehman, Miyazaki, and 
Oshawa et al. have reported the establishment of the 
5, 7 and 10 degrees of dorsiflexion angle in an AFO 
may control knee hyperextension (Lehmann, Con-
don, & Price, 1987; Miyazaki, Yamamoto, & Kubota, 
1997; Ohsawa et al., 1992).

Regardless of the ankle joint alignment that can be 
effective on the gait parameters, the footplate length 
of the orthosis might be another variable which can af-
fect the gait of hemiplegic. The most commonly used 
footplate length in AFO is in full-length or ¾ length 
foot-plate (ending proximal to the metatarsal heads). 
The footplate length seems to affect the second and 
third rockers of foot and ankle mechanism of these 
patients during stance phase. Although the number of 
studies in this area is very limited, only the results 
of Fatone et al (2009) study showed that full-length 
footplate articulated AFO in conjunction with a plan-
tar flexion stop might improve early stance knee mo-
ments for people with post stroke hemiplegia.

According to the above explanation, therefore, the 
aim of this study is to investigate the effect of AFO 
alignment and footplate length on spatiotemporal 
parameters and knee joint angle in hemiplegic post-
stroke patients.

Materials and Methods 
This is a quasi-experimental study within a group 

but without a control group for comparing the effects 
of the three conditions by using three types AFO. It 

was approved by the Ethics Committee of the Uni-
versity of Social Welfare and Rehabilitation Sciences 
with the ethics code, IR.USWR.REC.1395.56

Participants

According to the sample size formula and by using 
speed variable in the Andrew study (2002) where the 
z= 1.96, µ1= 0.32 & µ2= 0.35, seven hemiplegic pa-
tients participated in this study, however the stuy has 
had one missing data after data analyzing. 

Inclusion criteria for participants were at least six 
months after stroke, no history of using AFO since 
the onset of the stroke, no major involvement or dif-
ficulty in the contra lateral side, ability to walk inde-
pendently without cane and walker, maximum grade 
2 in ankle plantar flexion muscles spasticity in terms 
of Ashworth scale and the presence of knee hyperex-
tension in the stance phase when the knee extension is 
zero degrees in the ipsilateral during the stance phase 
(Lamontagne, Malouin, & Richards, 2001). Exclu-
sion criteria included people with hammer toes de-
formity, hip and knee contracture, knee hyperflexion, 
and patients with cardiorespiratory disorders. The 
participants were selected from hemiplegic patients 
referring to Imam Khomeini Hospital  and the tests 
were performed in Javad Movafaghian Research Cen-
ter in Tehran (Iran). First of all, the procedure of tests 
was fully explained to the patients, and the subjects 
who met the study inclusion and exclusion criteria 
with full consent were enrolled in the study. 

Intervention

To construct the orthosis, the below-knee casting 
and molding was done according to Sumiya, Suzu-
ki, & Kasahara (1996) for each patient in a position 
where the person was sitting on the chair and the foot 
in the semi-weight bearing position, so that the ankle 
was on the angle of 90 degrees and the shin on both 
frontal and sagittal planes in perpendicular position 
and 5 degree of dorsi-flexion for other condition by 
using goniometry. In the next step, the plaster mold 
was modified, including reducing the pressure on 
the malleoli, correcting the angle of the mold on the 
ankle, and maintaining the standard alignment of the 
shin. Finally, three types of rigid AFO with 4-mm 
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polypropylene sheet were constructed so that the trim 
line of all three types was one inch lower than neck of 
fibula in proximal border and also passed in front of 
malleloi in the following conditions. 

1) Neutral ankle angle and full-length foot-plate, 

conventionally aligned AFO (CAFO)(Figure 1)

2) Neutral ankle angle and ¾ length foot-plate 
 (¾ AFO) (Figure 2)

3) 50dorsiflexion ankle angle and full-length foot-
plate (50DF AFO) (Figure 3)

Data collection

After preparing the orthoses, the patients referred to 
the Ergonomic product testing laboratory at the Uni-
versity of Social Welfare and Rehabilitation Sciences 
of Tehran. Prior to data collection, subjects were al-
lowed to wear these orthoses 2 weeks of accommo-
dation to every orthotic condition. The 3D motion 
analysis system with the Vicon Camera (UK Oxford 

Metrics) with six infrared cameras and a frequency 
of 100 Hz was used to obtain the necessary informa-
tion. Markers were attached bilaterally on the calca-
neus, lateral and medial malleolus, greater trochanter 
femur, lateral and medial femur epicondyle, sacrum at 
the superior aspect of the L5/sacral interface, anterior 
superior iliac spine (Fatone, Gard, & Malas, 2009). 

All tests were performed for all participants with the 

Figure 1. Neutral ankle angle and full-length foot-plate – conventionally aligned AFO(CAFO)

Figure 2. Neutral ankle angle and ¾ length foot-plate (¾ AFO)

Figure 3. 50dorsiflexion ankle angle and full-length foot-plate (50DF AFO)
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same shoes (All-Star shoe) with a same heel height. 
Before the start of the main test, the subject walked 
in the laboratory for a few minutes for accomodating 
with different AFO’s to meet the conditions (depend-
ing on the patient’s comfort). During the test, the sub-

ject walked in a straight line with a length of 5 meters 

with their own stride. A walking test was performed 
for each individual in three different orthotics condi-
tions. Three tests were taken in each condition. The 
ordering of different situations was done randomly to 
avoid the effect of the order of the tests on the results. 
Several minutes of rest were considered for the pa-
tient as sitting on the chair.

Stitistical analysis

Shapiro Wilk test was performed to determine the 
normal distribution of the data with three different 
AFO modes. Regarding the normal distribution of 
variables in walking speed, gait cadence and knee joint 
angle, the parameters were compared in three differ-
ent modes of AFO with repeated measures ANOVA 
test. In the variable stride length, Friedman test was 
used because of the absences of normal distribution 
of the data. For data analysis, SPSS version 14 was 
applied, and the significant level was less than 0.05.

Results
The study was conducted on six people with post-

stroke hemiplegia, including five females and one 
male, of which two had right hemiplegia and four had 
left hemiplegia. The demographic characteristics of 
patients are presented in Table 1 as the mean ± stan-
dard deviation.

 Spatiotemporal parameters

The results of this study showed an increase in 
the stride length and walking speed of participants 
with  ¾AFO and 50DF AFO conditions compared to 
CAFO (Figure 4), and this variation was statistically 
significant for the walking speed in 50DF AFD  (P = 
0.036), but there was not statistically significant for 
the stride length (P> 0.05). Moreover, the increase in 
gait cadence was observed for ¾AFO compared to 
the CAFO, although it was not statistically significant 
(P> 0.05), see Table 2. 

Knee joint kinematics

In the present study, the maximum knee extension 
angle in the stance phase during single-limb support 
for the ¾ AFO and 50DF AFO was respectively de-
creased in comparison with the CAFO, although these 
changes were not statistically significant (P> 0.05), 
see Table 2. 

Figure 4. The comparison between mean of speed walk with three different types of AFO
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Discussion
The stroke affects many aspects of the person’s life, 

but the main problems of these individuals are gait 
pattern disorders. Insufficient ankle dorsiflexion in 
the swing phase, medio-lateral ankle instability, and 
inefficient foot-off during the terminal stance phase 
causes asymmetric gait pattern and reduced walking 
speed in these patients and an AFO is often prescribed 
to improve gait (Ohsawa, et al., 1992). A forefoot 
strike at the early stance phase, knee genurecurvatum 
and abnormal knee hyperextension (greater than 5 de-
grees) are features those could transferring the ground 
reaction force vector to the anterior knee axis from 
the mid to late stance phase and can be observed in 
such patients, which also followed by uncoordinated 
gait pattern and reduced walking speed. The AFO is 
able to control hyperextension by alteration the place 
of the ground reaction force vector and correct inad-
equate dorsiflexion. Various studies have showed the 
positive effects of AFO on the gait parameters in the 

hemiplegic individuals. Depending on the structure 
of AFO, the plantar flexor muscle activity and knee 
stability can be improved by using this orthosis. The 
current study examined the effect of ankle alignment 
and footplate length of rigid AFO on the spatiotem-
poral parameters and maximum knee extension in 
the stance phase during single limb support in people 
with post stroke hemiplegia.

According to findings from this study, the walking 
speed of patients with 50DF AFO was increased to 
11.56%, which is statistically significant compared 
to CAFO. This increase is probably due to the ankle 
dorsiflexion angle, which may help to recreate real 
heel strike, control the progression of the tibia from 
the mid to late stance phase, forward anterior thigh 
movement, positioning the limb in a better alignment 
for weigh distribution to the opposite limb and start 
the better swing phase in the same direction (Lehm-
ann, et al., 1987). Improvement in the walking speed 
with AFO is also associated with the tibia inclination 

Table1. Subject’s demographic information

Table 2. Mean and SD of walking parameters with three different types of AFO

Subject Gender Affected side Weight(kg) height(cm) Age(year) Time since
onset (year)

 Modified
Ashworth Scale

1 Female Right 55 150 46 5 1+

2 Female Left 64 167 31 1 2

3 Male Left 74 176 65 4 2

4 Female Right 61 164 42 2 1+

5 Female Left 63 159 47 3 2

6 Female Left 60 165 45 1/5 2

Mean and SD - - 62/8±6/3 1/60±0/08 62/8±6/3 2/75±1/54 -

P-value

Walking condition

Ankle (5 D.F)full

 foot plate

Ankle neutral 3/4

  foot plate

Ankle neutral full

foot plate

0/0360.59±0.110.61±0.150.53±0.10Walking velocity 

0/164 0.83±0.070.82±0.080.76±0.12Stride length

1/00044±8.3145±11.0744±11.09Cadence

0/342-3.9±9.94 -6.12±10.09-6.42±8.04Maximum knee 
extension
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(leg angle relative to the vertical angle) (Fatone, et al., 
2009). The result of this section of our study was in 
line with the study of Lehman et al, but inconsistent 
with Barbara Silver et al. (2011). They stated that the 
walking speed in dynamic AFO in two different states 
of neutral AFO and 50DF AFO did not differ statisti-
cally. In addition, it is possible to make meaningful 
changes by increasing the sample size and increas-
ing the dorsiflexion angle up to 10 degrees (Silver-
Thorn, Herrmann, Current, & McGuire, 2011). In the 
¾AFO, almost all patients showed an increase in the 
walking speed, although they were not statistically 
significant. Meanwhile, the ability of body to move 
on weight bearing limb and fast weigh distribution is 
of the important factor affecting the walking speed. 
It seems that the ¾AFO allowed more dorsiflexion 
in mid foot; and the third rocker was fulfilled easier 
during the terminal stance phase (Goldie, Matyas, & 
Evans, 1996).

 In this study, there was no statistically significant 
difference for the stride length and the cadence be-
tween the three different conditions. Concerning the 
stride length, little differences were observed in both 
50DF AFO and ¾AFO compared to CAFO. Since 
increased speed is directly related to the increase in 
stride length (Leung & Moseley, 2003), thus it might 
be considered that increased speed in 5 degree DF 
AFO probably was due to increased stride length.

In the ¾AFO, the barrier for push off in the termi-
nal stance phase has been probably reduced and the 
movement has been made smoother, but the move-
ment was slower in the full-length AFO due to the 
rigidity of the orthosis in forefoot part. There was no 
significant change in stride length in comparison to 
the 50DF AFO and the CAFO in our study, which is in 
the line with Barbara Silver et al. study (Silver-Thorn, 
et al., 2011). There were a few similar studies in this 
field and little research has been done. Concerning 
the cadence in relation of CAFO and the 50DF AFO, 
results showed that it was consistent with the study 
of Barbara Silver et al.(Silver-Thorn, et al., 2011). In 
a review study, Leung et al. also observed no signifi-
cant changes in the cadence variable through various 

AFO studies (Leung & Moseley, 2003). Luiz et al. 
compared the effect of different types of AFO on the 
cadence of stroke individuals in a review study. The 
hemiplegic patients commonly showed a significant 
improvement in walking speed without changes in 
cadence with the orthoses (Ferreira et al., 2013). Al-
though, most of these studies measured short-term ef-
fects and probably different results may be obtained 
by examining long-term effects.

Based on the results in this study, the mean maxi-
mum knee extension angles in the stance phase dur-
ing single limb support showed a decrease of 38.47% 
with 50DF AFO in comparison with CAFO, which 
was not statistically significant. This reduction in the 
mean maximum knee extension angles in the stance 
phase was seen in all subjects with 50DF AFO. Ac-
cording to the findings, it was possible that the knee 
was indirectly affected by the change in the ankle an-
gle in the rigid AFO, so that the creation of the dorsi-
flexion and consequently the alteration of the ground 
reaction force vector toward the posterior knee caused 
a decrease in the maximum knee extension angle. Lee 
et al. stated that the dorsiflexion in AFO causes an 
increase in knee flexion in the mid stance phase, but 
the changes were significant when applying angles 
greater than 10 degrees (Lee, Lee, & Kim, 2015). In 
the study of Silver-Thorn et al., the alignment of 5 de-
grees of dorsiflexion in the ankle caused an increase 
in maximum knee flexion in the loading response 
phase, but not statistically significant (Silver-Thorn, 
et al., 2011). In another study, adding below-heel 
wedge had better results for controlling the hyperex-
tension with rigid AFO. In this way, it is possible that 
the below-heel wedge changes the angle of tibia (cre-
ating dorsiflexion), thereby causing the alteration of 
the ground reaction force vector and controlling the 
hyperextension.

It was hypothesized that ¾AFO, through the cre-
ation of dorsiflexion in the mid stance phase can 
cause shift of ground reaction force vector toward 
posterior knee and control the hyperextension. Our 
result of the study in relation of ¾AFO was consistent 
with the study by Fatone et al., because the rigid AFO 
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footplate length (¾AFO) had no significant effect the 
stance knee angle (Fatone, et al., 2009). Nevertheless, 
additional studies with a larger sample are required to 
examine the influence of the AFO footplate length on 
the gait variables.

 The short time investigation for evaluating the im-
pact of these AFO due to the time limit for project 
implementation and very limited studies in relation 
to the AFO footplate length were our research limi-
tations. It is suggested that the kinetics parameters 
(such as knee joint moment and power) and muscle 
activity be studied in a similar study with a larger 
sample, investigating the long-term effects of ortho-
ses on gait parameters and comparing the effects of 
different types of articulated and non-articulated AFO 
in future studies.

Conclusion
According to the results of this study, it was ob-

served that the change in the ankle angle in rigid AFO 
in the sagittal plane had a greater effect on the study 
parameters compared to the footplate length changes. 
Increasing the walking speed was related to altering 
the ankle angle, indicating the importance of the dor-

siflexion angle in the rigid AFO and its effect on con-
trolling the progression of tibia and positioning the 
limb in more appropriate alignment. However, these 
changes had no significant effects on the stride length 
and cadence of the patients. Concerning the maxi-
mum knee extension angle in the stance phase, this 
change at AFO can also indirectly affect the knee and 
help control the hyperextension by alteration of the 
ground reaction force vector. Regarding the footplate 
length, the parameters of stride length, walking speed, 
cadence and maximum knee extension angle in the 
stance phase showed no significant changes.
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زانو11است.1به1طور1رایج1ارتزهای1مچ1پایی-پایی1AFOبرای1بهبود1پارامترهای1گیت1این1بیماران1تجویز1می1شوند.1هدف1
از1این1مطالعه1بررسی1تاثیر1زاویۀ1مچ1پا1و1طول1قطعۀ1کف1پایی1AFO1سخت1بر1پارامترهای1فضایی_زمانی1و1میزان1

زاویۀ1مفصل1زانو1در1افراد1همی1پلژی1ناشی1از1سکته1مغزی1است.1

روش کار: در1این1مطالعۀ1شبه1تجربی،161بیمار1سکتۀ1مغزی1همی1پلژی1با1استفاده1از1سه1حالت1AFO1سخت1
1)¾AFO)11زاویۀ1901درجه1و3/41طول1قطعۀ1کف1پایی،)CAFO)1با1زاویۀ1901درجه1و1طول1قطعۀ1کف1پایی1کامل
و1زاویۀ151درجه1دورسی1و1طول1کامل1کف1پایی1DF1AFO)1°5(11برای1بررسی1پارامترهای1فضایی–مکانی1و1میزان1
تغییرات1زاویۀ1زانو1وارد1مطالعه1شدند1و1مورد1ارزیابی1قرار1گرفتند.1از1دستگاه1آنالیز1راه1رفتن1Vicon1Camera1برای1

جمع1آوری1این1اطالعات1استفاده1شد.

افزایش1 1CAFO با1 مقایسه1 در1 15° 1DF1AFO از1 استفاده1 از1 بعد1 بیماران1 راه1رفتن1 سرعت1 میانگین1 نتایج:1
معناداری1یافتP=0/036)1(.1میانگین1طول1گام،1کادنس1و1ماکزیمم1زاویۀ1اکستنشن1زانوی1افراد1در1فاز1ایستایی1در1
زمان1تحمل1وزن1روی1یک1پا1در1سه1حالت1مختلف1آزمون،1AFO، CAFO11¾1و 1DF1AFO°15تفاوت1معناداری1

.)P1<0/05)1نشان1ندادند

1نتیجه  گیری: تغییر1زاویۀ1مچ1پا1در1DF AFO1°15باعث1افزایش1سرعت1راه1رفتن1و1همچنین1کنترل1هایپر1
اکستنشن1بیش1از1حد1زانو1در1انتهای1فاز1ایستایی1می1شود1که1می1تواند1به1علت1کنترل1پیشرفت1تیبیا1در1میانه1تا1

انتهای1فاز1ایستایی1و1جابه1جایی1خط1نیروی1عکس1العمل1زمین1باشد.

کلیدواژه  ها: سکتۀ1مغزی،1همی1پلژی،AFO1،1االیمنت،1سرعت1راه1رفتن،1کینماتیک1زانو،1طول1قطعۀ1کف1پایی
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