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The ankle-foot orthosis improves balance and reduces fall
risk of chronic spastic hemiparetic patients
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Background. Ankle foot orthoses (AFO) are commonly
used orthotic device in order to restore the ankle foot
function and to improve the balance and gait in poststroke hemiparetic patients. However, there remain some
discussions about their effectiveness on long term hemiparetic patients who had mild to moderate spasticity.
Aim. To investigate the relative effect of prefabricated
thermoplastic posterior leaf spring AFO (PLS-AFO) on
balance and fall risk.
Design. A cross-over interventional study
Setting. The Department of PMR of a tertiary hospital.
Population. Twenty-five chronic post-stroke long duration hemiparetic patients who had Ashworth grade 1-2
spasticity at affected calf muscles and lower limb
Brunnstrom stage 2-3 and also able to walk independently without an assistive device.
Methods. Berg Balance Scale (BERG), and the postural stability test (PST) and the fall risk test (FRT) of Biodex balance systems were used for the assessments. All of the
patients were assessed with AFO and without AFO. All
assessments were made with footwear.
Results. The mean post-stroke duration was 20,32±7,46
months. The BERG scores were 42,12±9,05 without AFO
and 47,52±7,77 with AFO; the overall stability scores of
FRT were 3,35±1,97 without AFO and 2,69±1,65 with
AFO (P<0,001).
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Conclusion. It was found that the prefabricated thermoplastic PLS-AFO improve balance and provide fall
risk reduction in chronic post-stroke ambulatory hemiparetic patients who had mild to moderate spasticity
on their affected lower limb.
Clinical rehabilitation impact. These results encourage
the usage of AFO on long duration hemiparetic patients
in order to provide better balance and lesser fall risk.
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mpaired balance and altered gait patterns which
caused by muscle weakness, abnormal movement
synergies and spasticity in post-stroke hemiplegic
patients contribute increased fall risk and consequent
decreased independence in activities of daily living
(ADL).1-4 Falls are one of the most frequent complications in stroke rehabilitation,4 and may contribute to
serious morbidity and life threatening consequences.5
Therefore improving balance and gait pattern and
consequently reduce falls is one of the major targets
of the stroke rehabilitation.
Ankle foot orthosis (AFO) is commonly used orthotic device in order to restore the ankle foot function and
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to improve the balance and gait in post-stroke hemiparetic patients. There were a lot of different types of
AFO such as adjustable metal ones and thermoplastic ones. The metallic AFOs were more preferable in
patients with severe spastic inversion of the foot. The
thermoplastic orthoses were lighter and had better
cosmetic appearances and therefore more preferable
by the patients.6, 7
It was recommended from a consensus conference
of experts that custom-made PLS-AFOs indicated for
only isolated dorsiflexor weakness with no significant problem with tone and no significant medio-lateral instability, and prefabricated AFOs should be limited to use as temporary evaluation orthoses and
where there is need for early mobilization before a
custom AFO can be provided.8, 9 However, prefabricated posterior leaf spring AFOs (PLS-AFOs) are still
one of the commonly used type of ortheses for stroke
patients and there were previous studies which investigated the some beneficial effects of various kinds
of prefabricated AFOs on gait parameters and balance of different post-stroke patient groups.7, 10 It was
previously reported that plastic AFO improves the
symmetry and dynamic standing balances of short
duration (<six months) hemiparetic subjects, but these
were not observed on the long duration (<12 months)
hemiparetic subjects.11 It was also reported that both
plastic and metallic AFOs improved gait parameters,
but metallic ones provided better stabilization of the
ankle.7 There was no much study which was investigating the effects of plastic AFOs in the presence of
spasticity. In a previous study, it was reported that
polypropilen AFO had no effect on spasticity in stoke
patients.12 However, there were some other studies
which reported some beneficial effects of PLS AFOs
on some spastic patient groups other than stroke.13, 14
It is obvious that the data about the effects of different kinds of AFOs on stroke patients with diverse
clinical properties were relatively less studied and
less is known still. The recommendations generally do
not pass beyond the expert opinions. Therefore, this
issue needs further investigations in order to determine
the appropriate selection criteria for AFO usage on
post-stroke patients.
The aim of this study was to investigate the relative
effect of prefabricated thermoplastic PLS-AFOs on
balance and fall risk of post-stroke long duration
ambulatory chronic hemiparetic patients who had
mild to moderate spasticity on calf muscles.
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Figure 1.—A photo of a prefabricated thermoplastic PLS-AFO. Figure
2.—The movable balance platform. The coordinates of each foot
were recorded in order to provide constant position throughout the
consecutive test sessions.

Materials and methods

Patients and study design

A total of sixty-one chronic hemiparetic post-stroke
patients who had applied to the outpatient clinic of the
physical medicine and rehabilitation department of
a tertiary hospital were examined by physiatrists and
twenty-five eligible patients were recruited. All of the
patients’ informed consents were taken according to
the local guidelines 15 and the study approved by
local ethical committee. All of the patients had
Ashworth grade 1 or 2 spasticity at affected calf muscles and their lower limb Brunnstrom motor recovery
stage were 2 or 3 and they were also able to walk
independently without an assistive device. The exclusion criteria were cognitive impairment (mini mental
test score <24), visual defects of clinical importance,
hemineglect, severe heart failure and co-morbidities
that would affect mobility, such as severe arthrosis,
rheumatoid arthritis or back problems.
The orthoses were commercially available thermoplastic PLS-AFOs (Otto Bock, Otto Bock Healthcare,
Germany) (Figure 1). There were all sizes of orthosis
and appropriate size was determined by a physiatrist
and an orthotist together and patients were trained by
a physiotherapist for a session for walking with AFO
with footwear. Afterwards, patients were sent back
to their daily life with the instruction of regularly use
of AFO with footwear during all walking activities.
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the postural stability test (PST) and the fall risk test
(FRT).20, 21 The measure of PST includes the overall
(OA), the anterior/posterior stability (APS), and the
medial/lateral stability (MLS) scores. The FRT result
includes overall stability index (OSI) score. The high
score in the index indicates poor balance and
increased fall risk. The subjects were asked to stand
on the platform of the BBS bilaterally with their feet
shoulder width apart over midline of the board, to
assume a comfortable position and to look straight
ahead. The foot position coordinates of patients were
recorded and it was provided that the foot coordinates
were constant throughout the all test sessions (Figure
2). Subjects were tested with eyes open. No specific
data found for the assessment of stroke patients with
BBS in the literature and therefore the difficulty level for the assessment of the patients with BBS was
determined after a short pilot testing period with five
post-stroke patients other than recruited subjects.
The level 12 was chosen as the appropriate level
because it was well tolerated with all testing subjects. The patients were trained approximately 1
minute for adaptation to the machine in order to
reduce any learning effects. During testing, the participants underwent three trials of 20 seconds at each
level 12 with ten-second rest periods between each
trial. A mean score was calculated from the three test
evaluations and the device prepared the report automatically.
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The Berg balance scale (Berg), the postural stability test and the fall risk test of Biodex balance system
(BBS) were used for the assessment of the patients.
The testing order was as follows; Berg, five minutes
resting and BBS tests. The patients were firstly assessed
without AFO and fifteen minute resting period were
allowed and consecutively the tests were performed
with AFO in the same order. All assessments were
made with footwear.
Berg Balance Scale (Berg) was originally developed for the assessment of balance and risk for falls
in older community dwelling adults 16 and Turkish
validation was made.17 It was previously used in various stroke studies including also AFO usage and
found valuable for patients with stroke.11, 18, 19 Fourteen
items in the scale assess static sitting and standing
balance as well as anticipatory balance during activities that were commonly performed in daily function, including transfers, turnings, and retrieving
objects from the floor. The scoring is done on a 5point scale, which considers whether patient can perform the task safely and independently, often based
on for a definite time span. Normal performances are
graded from 0 (unable to perform) to 4 points (normal performance). The scores on individual items are
summed for a total score, with a maximum point of 56.
Biodex Balance System (BBS, a commercially available balance device, Biodex Medical Systems, Shirley,
NY, USA) was used to assess fall risk. The BBS consists of a movable balance platform which provides up
to 20° of surface tilt in a 360° range of motion and the
platform is interfaced with computer software (Upper
display module-firmware version 1.09, Lower control
board-firmware version 1.03, Biodex Medical Systems)
that enables the device to serve as an objective assessment of balance and fall risk. The movable balance
platform had coordinate lines and encoding system on
its surface (Figure 2). The system had various difficulty
levels for the assessment of balance and fall risk which
range from 1 (most difficult) to 12 (the easiest).
Following the recommendations of previous studies
and Biodex balance system manual, two settings were
used to assess the dynamic balance and the fall risk;
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Statistical analysis

The statistical analyses were performed with SPSS
15 for Windows. Patients’ demographic variables were
analyzed by using descriptive statistics. KolmogorovSmirnov test was used in order to testing the normality of the distribution. The hypothesis about the
PLS-AFO usage whether it affects the balance and fall
risk of chronic post-stroke spastic hemiparetic patients
analyzed with using paired samples t test. P<0.05 value was accepted statistically significant.
Results
All of the recruited subjects finished the study (17
male, 8 female). The mean age of the patients was
60.52±11.43 years (range 35-80 years) and the mean
post-stroke duration was 20.32±7.46 months (range 836 months). The demographic and the clinical char-
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TABLE I.—Patients’ characteristics.
Characteristics

N.

Age (years)*
Gender
Male
Female
Post-stroke duration (months)*
Spasticity level (Ashworth)*

60.52±11.43

Range 35-80

17
8
20.32±7.46
1.80±0.40

68%
32%
Range 8-36
Range 1-2

*: mean±standart deviation.

Berg balance scale
Postural Stability Test
Overall
Anterior/Posterior stability
Medial/Lateral stability
Fall Risk Test
Overall stability index
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TABLE II.—The comparison of the participants’ balance and fall
risk assessment scores with and without ankle-foot orthosis.
Without AFO
(mean±SD)

With AFO
(mean±SD)

P value

42.12±9.05

47.52±7.77

0.001

3.10±1.87
1.91±1.38
1.97±1.28

3.09±1.58
2.00±1.15
1.86±1.01

0.96
0.60
0.53

3.35±1.97

2.69±1.65

0.001

Comparisons of the outcomes were made by using paired samples t test.
P<0.05 was accepted statistically significant.
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acteristics of the patients were summarized in Table
I.
Kolmogorov-Smirnov testing revealed no significant deviation from normality for any of the parameters (P>0.05). The use of PLS-AFO did provide no statistically significant change in any of the PST scores
(OA, MLS and APS) (P>0.05). On the other hand, the
mean Berg score improved from 42.12±9.05 to
47.52±7.77 and OSI score of FRT improved from 3,35
± 1,97 to 2,69±1,65 and these improvements were
statistically significant (P=0.001) (Table II).
Discussion

Most of the patients experience motor and balance
problems after stroke and these lead to walking difficulties and increased fall risk. Therefore balance
improvement is one of the main objectives of the
stroke rehabilitation. AFOs were commonly used
orthosis to provide better balance and walking quality. It was previously reported that they provide ankle
spasticity reduction, facilitate the quadriceps muscle
activation, correct equinus and recurvatum, decrease
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anterior pelvic tilt, increase hip extension and consequently restore balance and gait.6, 22
Although these reported beneficial effects, the arguments and investigations about the determination of
appropriate AFO type and clinical situations were still
going on. Wang et al. investigated the effects of prefabricated PLS-AFO on balance and gait performance
of post-stroke patients who had hemiparesis of duration of less than 6 months and they found that wearing AFO improved maximal excursion toward the
affected side and this correlated with an increase in
step length on the non-affected side and as a result,
the walking speed was improved on patients.10 In
another study, again Wang et al. examined the effects
of AFO on balance performance of short and long
duration hemiparetic patients. They found that AFO
improves weight bearing distribution during quiet
standing, body sway during standing, movement
velocity of short duration hemipatertic patients (<six
months) and such effects were not found in long
duration hemiparetic patients (>12 months). 11
Although these two studies investigated the early
period and midterm patients which was the major difference from ours, their positive results about prefabricated AFO usage were similar to ours. Simons et
al investigated four different mostly prescribed AFO
types’ effects on balance of twenty chronic hemiparetic post-stroke patients and one of them was
identical to ours (only five patients had used this
one). They concluded that the usage of AFO provides
statistically significant improvement on Berg scores,
but they had not evaluated the each of the AFO
types separately.23 On the other hand, Wang et al. had
investigated the balance and gait ability with Balance
Master System and Berg, and had not reported any
beneficial effects of prefabricated plastic AFO at long
duration phase (>12 months).11 We used also Berg
intentionally as an outcome measure in order to get
more generalized data which might find more chance
for the comparison with the previous and further
studies because of its simplicity, cost effectiveness
and accessibility. We found statistically significant
improvement in Berg scores with the usage of PLSAFO different from previous data. This might result
from the mild to moderate spasticity which seemed
as the major distinguishing characteristic of our
patients. It was previously known that the spasticity might have some beneficial effects on gait and
the stability of some spastic patients.24
The hemiparetic patients usually have instability on
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itations of this study. The other major limitation is
that the assessments of this study were made in clinical settings with testing scales and devices and it is difficult to generalize these results to daily community life
environment. These results do not meet the need for
long duration follow-up studies which evaluates the
effects of PLS-AFOs on balance, gait and fall risk in the
real daily life, but these might probably encourage
further such studies.
In conclusion, the prefabricated thermoplastic PLSAFOs provide better balance and reduced fall risk in
chronic post-stroke ambulatory hemiparetic patients
who had mild to moderate spasticity at the affected calf
muscles. Further studies with more patients and various groups and with longer follow-up duration are
needed in order to verify the results and to clarify the
action mechanisms.
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their affected ankle due to less motor control and
spasticity of gastrocnemius-soleus muscle group 7
and this result with poor balance and increased fall
risk. The ankle joint had a special importance for
the balance evaluation with BBS, because the ankle
was the key joint for the transfer of the body weight
to the ground and postural stability. Mojika et al.
investigated the effect of plastic AFO on body sway
on 8 post stroke hemiplegic patients (mean poststroke duration 20.7 weeks, lower limb Brunnstrom
motor recovery stage 2-3 and mild to moderate muscular hypertonia at affected lower limb) and reported that center of foot pressure moved toward the
unaffected limb without AFO, whereas center of foot
pressure shifted toward the mid-position and body
sway decreased with AFO.25 This study had a good
similarity with ours in regard to motor status and
increased tonicity. In our study, there were no differences on the medial/lateral or anterior/posterior
stability scores that might be attributable to the AFO,
but the balance improved and fall risk reduced due
to PLS-AFO. These two studies had special importance, because it was reported that the 34 -38% of
chronic post-stroke hemiparetic patients had spasticity or increased tonus on their affected limbs.26, 27
However, the studies which had investigated effects
of plastic AFO on the spastic post-stroke patients
were very rare and reported no beneficial affects,12
but also they were not confirmed with further studies. On the other hand, there were some novel data
about beneficial effects of AFO usage on spastic
patients other than stroke that PLS AFO promote
knee extension and provide improvements in functional mobility, energy efficiency on children with
spastic hemiplegia.13
In this present study, the fall risk assessment was a
new approach for the investigation of PLS-AFO effects
and we could not find any previous similar study.
The fall risk reduction that was provided with PLS-AFO
wearing in this study had a special significance.
Because, it was previously reported that %50 of 99
community dwelling chronic stroke patients who had
ability to walk 8 meters (with assistive device, if
required) experienced fall and %17.2 (17 patients)
were required medical attention within 6 months follow-up period.28 At this point, AFO seems to be a
good supportive choice for the fall risk reduction in
appropriate chronic poststroke patients.
There were some limitations of this study. Firstly, the
relatively fewer patient number is one of the major lim-
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