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INTRODUCTION
Fall risk prevention continues to be an important topic of
discussion because falls are common and costly, especially
in the American population ages 65 years and older
(1). According to the Centers for Disease Control and
Prevention, it is estimated that 30 million older American
adults fall each year resulting in approximately 30,000
deaths secondary to their injuries and co-morbidities. One
out of every 5 falls result in serious injury, most commonly
head injuries and/or hip fractures. With current high
medical costs for hospitalization and associated procedures,
it is estimated that falls in America in 2015 alone cost >$50
billion dollars.
There are a variety of intrinsic and extrinsic factors
that increase an older adult’s risk of falling. Intrinsic
factors include but are not limited to associated medical
conditions such as diabetic polyneuropathy, hypertension,
cardiac history, psychiatric disorders, neurologic conditions,
impaired vision and or hearing, and age-related changes
in neuromuscular function, gait, and postural reflexes
(2). Extrinsic factors include but are not limited to unsafe
home/environmental hazards such as uneven inclines or
stairs, improper use of assistive devices such as a walker or
wheelchair, and various medications that can cause side
effects of imbalance, dizziness, and/or fatigue. Regarding
the field of podiatry, various foot and ankle conditions
increase the fall risk of elderly adults such as reduced ankle
flexibility, unstable lateral column with associated pronated/
valgus rearfoot, supinated/varus rearfoot, decreased tactile
sensitivity, decreased lower extremity strength, and foot and
ankle pain (3).
Annually, it is recommended that elderly adults ages 65
years or older or at high risk for falls be assessed and screened
by their primary care doctor to reduce their risk of falls (4).
Podiatrists serve as another key provider in reducing fall
risk by performing detailed lower extremity musculoskeletal
examinations and prescribing protective bracing such as
ankle foot orthoses and/or assisted devices when indicated.
Ankle foot orthoses (AFOs) have been debated in literature
to their utility in reducing fall risk in the high risk population.
AFOs are designed with the goals to support ankle joint and
foot stabilization, decrease postural sway, decrease foot pain,
increase proprioception, and potentially increase confidence
in gait. Recent studies comparing AFOs to shoes alone or

barefoot suggest that AFOs reduce fall risk by reducing
postural sway quantitatively measured with an F-scan device
(Tekscan) (5,6).
In our study, we seek to confirm if prescribing AFOs
in a high fall-risk population results in reduced postural
sway measured through the F-scan device (7). Secondarily,
we will compare the number of falls before and after AFO
application and the compliance of wear time of the AFOs.
We hypothesize that AFOs will reduce postural sway and
significantly reduce the number of falls with increased
compliance in daily wear of the AFOs.

MATERIALS AND METHODS
The Moore Balance Brace (MBB) was chosen as the AFO
similar to previous studies (5,6). The MBB is an AFO with
a fixed ankle hinge that the authors believe offers more
rigid support in the high fall risk population than a free
ankle hinged AFO such as the Richie Brace although this
is debated and not thoroughly studied in current literature.
We decided to modify the brace to increase compliance
of daily AFO wear that we believe would correlate with
a decreased number of falls. The brace was modified in 3
ways: the plantar foot arch support was cut on the edges

Figure 1. Top 3 images show the original Moore Balance Brace,
bottom corresponding images show respective modifications.
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and smoothed to better fit in shoes, the medial and lateral
solid ankle hinges were beveled to also better fit in shoes,
the interior of the brace was cushioned with P-cell material
for extra support and comfort (Figure 1) (8,9).
Our study was a prospective, non-blinded study
involving 43 patients that met our inclusion criteria in a
private practice clinic in Dallas, Texas followed for a total of
1 year. Inclusion criteria were those that were deemed high
fall risk if scoring ≥4 or answering yes to the associated key
questions on the Medicare fall risk assessment questionnaire.
Exclusion criteria were patients with previous spine surgery,
foot/ankle surgery, or a primary neurologic deficit.
Primary outcome measures were pre- and post-postural
sway data obtained from the F-scan after application of the
Modified Moore Balance AFO on day 1 of wear. Postural

sway data were collected in the anterior and posterior sway
in the sagittal plane and medial and lateral sway in the
coronal plane. Secondary outcomes measured included
the average time (0-4 hours, 4-8 hour, 8+ hours) patients
wore their AFOs and the number of pre versus post falls
and lower extremity injuries after wearing AFOs over a time
period of 1 year.
Statistical analysis performed included paired t-tests
comparing pre- and post-treatment with AFO, with P < 0.5
considered statistically significant. Normal distribution was
assumed given an adequate n value of 43 patients.

Table 1. P value < 0.1678. Decrease in
anterior-posterior postural sway by 0.21.

Table 2. P value < 0.6749. Increase in medial
to lateral postural sway by 0.21.

Group
		

Group
		

Mean
SD
SEM
N

Pre AFO
A-P Sway

Post AFO
A-P Sway

4.07956
1.55982
0.23787
43

3.79737
0.94047
0.14342
43

RESULTS
The results are shown in Tables 1-5.

Mean
SD
SEM
N

Pre AFO
L-R Sway

Post AFO
L-R Sway

3.47635
2.29496
0.34998
43

3.68760
0.33529
0.35613
43

Table 3. P value < 0.001, statistically
significant with average 1.72 falls pre AFO
application and 0 falls post AFO 1 year
follow-up.

Table 4. P value < 0.001, statistically
significant with average 1.35 injuries to lower
extremities pre AFO application and 0 falls
post AFO 1 year follow-up.

Group
		
Mean
SD
SEM
N

Pre AFO
Fall #

Post AFO
Fall #

Group
		

Pre AFO
Injuries

Post AFO
Injuries

1.72
0.70
0.11
43

0.00
0.00
0.00
43

Mean
SD
SEM
N

1.35
0.95
0.14
43

0.00
0.00
0.00
43

Table 5. Total n = 43 with majority of
patients showing increased compliance daily
wear with Modified Moore Balance brace.
Compliance Daily Wear
N = 5 (12%) <4 hrs
N = 7 (16%) 4-8 hrs
N = 31 (72%) 8+ hrs
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DISCUSSION
AFOs have been suggested to reduce fall risk by reducing
postural sway (5,6). In our study, although we did not a find
a statistical difference in initial reduction of postural sway
after application of AFOs, all patients in our study had no falls
or injuries one year from dispensing AFOs (Table 3 and 4).
There was a slight decrease in postural sway of 0.21 (Table
1) in the anterior-posterior direction, while a not surprising
slight increase in left to right postural sway of 0.21 (Table 2).
We believe the slight increase in the left to right postural sway
was due to the modification of the brace in loss of medial
and lateral ankle support at the cost of comfort and fitting
better in shoe gear that patients would tolerate. The slight
decrease in anterior to posterior sway can be attributed to the
increased surface area contact in the posterior leg that offers
increased proprioception and balance.
With modification of the Moore Balance brace, we
believe this led to increased compliance with 31 out of our
43 subjects having 8+ hours of wear time daily. Although no
statistical analyses were able to correlate increased daily AFO
wear time with decrease in falls, we believe this correlation
is a significant factor in aiding reduce fall risk. From the
authors’ own clinical practice and other practices, there is a
general complaint of AFOs not fitting well into shoes that
unfortunately leads patients to then wear the supportive
bracing less often than optimal to help reduce fall risk.
We believe the key to reducing fall risk is finding a balance
between AFO modifications for patient comfort while not
completely sacrificing the AFOs important qualities of foot
and ankle postural and biomechanical support.
While not performed in this study, a limitation of the
F-scan is for the study of peak plantar pressures during
active running as suggested by Kong et al (10), which
showed healthy runners having increased stride frequency
and decreased stride length when wearing the F-scan device.
Another potential limitation is noted in the pediatric
population that those weighing less than 100 pounds did
not show accurate F-scan readings according to D’Amico
et al (11). The F-scan otherwise in normal gait and walking
has shown to be effective in measuring postural sway and
peak plantar pressures (5-9,12).
A limitation of our study is that to our knowledge this
is the first study modifying the MBB to increase patient
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compliance and therefore no direct comparative studies can
be made. Although we were able to obtain F-scan results
on day 1 pre versus post AFO wear, we would have ideally
wanted a 6 month and 1 year F-scan result to see any
differences in postural sway compared to baseline but this
was not achieved given patients were unable to be followed
up. Another limitation is that for the number of falls 1 year
after wearing the AFO, this was performed by questionnaire
in person or by phone and not completely reliable versus
direct monitoring of AFO compliance wear. Further
randomized control studies are required to validate the use
of specific AFOs on the market in proving their effectiveness
in reducing fall risk and postural sway.
In conclusion, we believe that our study adds to current
literature in suggesting that AFOs have a role in reducing fall
risk in the high risk population when indicated. Podiatrists
play a key role in correctly prescribing and/or fitting AFOs
in patients that are at high risk secondary to unstable lower
extremity mechanics and pathologies.
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