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ABSTRACT

BACKGROUND: Falls can be detrimental to overall health and quality of life for lower extremity
amputees. Most previous studies of postural steadiness focus on quantification of time series variables
extracted from postural sway signals. While it has been suggested that frequency domain variables can
provide more valuable information, few current studies have evaluated postural sway in amputees using
frequency domain variables.

OBJECTIVE: To determine time and frequency domain variables of postural sway among lower extremity
amputees vs. healthy young and older adult controls.

METHODOLOGY: Participants were assigned to 3 groups: lower extremity amputation (n=6), healthy
young adults (n=10), and healthy older adults (n=10). Standing barefoot on a force platform, each
individual completed 3 trials of each of 3 standing conditions: eyes open, eyes closed, and standing on
a foam balance pad. Time and frequency domain variables of postural sway were computed and
analyzed.

RESULTS: Comparison of older adults, younger adults, and amputees on the three conditions of
standing eyes open, eyes closed, and on foam revealed significant differences between groups. Mean
mediolateral (ML) sway distance from the center of pressure (COP), total excursions and sway velocity
was significantly higher for amputees and older adults when compared to young adults (p<0.05).
Furthermore, power of sway signal was substantially lower for both amputees and older adults. When
compared to that of older adults, postural steadiness of amputees was more affected by the eyes closed
condition, whereas older adults’ was more affected when sensory and proprioceptive information was
perturbed by standing on foam.

CONCLUSION: Our findings showed that fall risk is greater in amputees than in young adults without
amputation. Additionally, amputees may rely more heavily on visual information than proprioceptive
information for balance, in contrast to older and young adults without amputation.
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INTRODUCTION

Approximately 185,000 amputations occur in the United
States per year, and about 2 million Americans currently live
with a limb loss.'® The incidence of amputations per year
ranges from 1.2 to 4.4 per 10,000 with a majority of
amputations involving the lower limb.* Falling is dangerous
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and debilitating, yet common, for individuals with lower
extremity amputations.® Nearly 50% of amputees
experience an accidental fall within a year of their operation;
over 40% of those falls result in serious injury, and over 19%
require additional medical attention.® As the amputee
population ages, accidental falls become a greater problem.
Increased rate of fall, reduced balance confidence, and
increased fear of falling are reported following lower
extremity amputation.”® Additionally, people with higher
levels of amputation experience a higher rate of incidental
falls.”®

Postural steadiness, as measured by quantification of
postural sway during quiet standing on a force platform, has
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been used frequently as a method of assessment of static
balance and postural control. Postural steadiness may be
an indicator of the quality of balance and postural
control.*>** Literature has linked time series’*'®> and
frequency domain'®*® variables of postural sway to
balance. Additionally, it is reported that state of anxiety and
fear of falling impact postural sway.?*?* Anxiety and fear of
falling are psychological conditions that can lead individuals
to avoid participation in activities.” Activity avoidance due to
the fear of falling can lead to reduced quality of life related
to reduced strength, endurance, and balance, and can
increase the risk for further health problems, including falls,
in patients with lower extremity amputations.??

While most studies of postural steadiness focus on
guantification of time series variables extracted from
postural sway signals,?® others have suggested and utilized
frequency domain variables of sway in parallel with time
series variables to reveal more valuable information.**219
Analysis of frequency content of a signal reveals underlying
changes that often are not observed in time series. For
instance, in the absence of movement, agonist and
antagonist muscles may still be actively working against
each other. Additionally, in the inverted pendulum model,
that was introduced by Maurer and Peterka,?* ankle stiffness
and noise may be increased simultaneously. In these
cases, time series variables, e.g. velocity and displacement,
do not show any changes. Power spectral density however,
would provide information of the underlying conditions. As a
result, it is often suggested that both time and frequency
domain variables should be evaluated in assessment of
postural steadiness. The purpose of this study was to
determine change in both time and frequency domain
variables of postural sway among lower extremity amputees
as compared to healthy young and older adult controls.

METHODOLOGY

Following approval of the Institutional Review Board
(Northern lllinois University), a study was conducted to
determine impact of lower extremity amputation on time
series and frequency domain variables of postural sway.
This study included 6 individuals with lower extremity
amputation (2 unilateral trans-tibial [UTT], 1 bilateral trans-
tibial [BTT], 2 unilateral trans-femoral [UTF] and 1 unilateral
hip disarticulation [UHD]) with the average age of 51
(SD=16) years), 10 healthy young adults (age 25 (SD=1.6)
years), and 10 healthy older adults (age 71.7 (SD=5.4)
years). Amputee participants were included if they met the
following criteria: a) were lower extremity amputees with
more than one year of experience using a prosthetic limb,
b) had a comfortable prosthetic limb about which they had
no complaints, c) apart from lower extremity amputation,
had no physical or mental disability that could potentially
affect their balance, d) could ambulate without any
assistance or use of an assistive device, and e) could stand
upright independently for at least 10 minutes. Individuals
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with any visual deficits (apart from requiring corrective
lenses) or vestibular deficits and those with a history of
injury or surgery to the lower extremities within the past 6
months were excluded from the study. Healthy young and
older adults were recruited if they were able to stand upright
independently for at least 10 minutes and ambulate without
assistance. Those with any physical or mental condition that
could potentially impact postural control were excluded.
Participants were asked to sign a consent form prior to
participation in the study.

A Kistler force platform (Kistler Co., Winterthur, Switzerland)
was used to collect position data of the center of pressure
(COP) at 100 Hz. A LabVIEW program (National Instrument,
Austin, Texas) was developed to collect postural sway data.
Participants were randomly assigned to three standing
conditions: a) eyes open, b) eyes closed and c) standing on
Airex 2.5” thick foam balance pad (Airex Corporation,
Somersworth, NH). The conditions of eyes closed and
standing of foam were included to estimate changes in
postural steadiness when visual and sensory information
are diminished. Considering that vestibular, visual, and
sensory information are typically relied upon to maintain
upright posture, deterioration of any of these sources of
information may reveal information regarding our
dependency on the lost source. Each test condition was
repeated three times. Test orders were block randomized,
with each condition presented once in each block. During
the study, participants were instructed to stand straight and
static with arms on their sides (bare feet, heels together, 5-
7 degrees of toe-out) on the force platform. Data was
collected for 35 seconds (Fs=100). For the eyes-closed
condition, researchers asked each participant to close his
or her eyes and confirmed that eyes remained closed
throughout the trial. While there were not any specific
resting periods implemented between trials, participants
were informed prior to the testing that they were welcome to
request a rest time if they needed to. Additionally, during the
trials participants were repeatedly asked if they wanted to
rest. Several participants asked for the rest during the tests.

Anteroposterior and mediolateral time series data were
filtered through a fourth-order zero phase Butterworth low-
pass filter with cutoff frequency of 5 Hz. The first 8 seconds
and last 2 seconds of data were cut off to remove any
potential lead-in/lead-out effect. MATLAB and Toolbox
Release 2012b (MathWorks, Inc., Natick, Massachusetts)
were used to filter postural sway data and to compute
variables of interest. SAS statistical software was used to
conduct statistical analysis and to compare means between
healthy adults and amputees. Time and frequency domain
variables of postural sway were computed. Detailed
explanation of computation methods for variables and
equations are available in literature.'**%?52¢ Mean sway
distance which represents the average sway from the mean
position of the center of pressure was calculated for N data
points as follows:
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1
Mean sway distance = NZ v AP[n]? + ML[n]?

Similarly, total excursion of sway as the total distance COP
travels was computed by summation of distance between
two consecutive data points:

Total excursion of sway
N-1
= Z J@PIn + 1] — AP[n])? + (ML[n + 1] — ML[n])?

n=1

Velocity of the sway was calculated by dividing total
excursion over the time:

total excursion of sway

Velocity of th =
elocity of the sway total time

Power of sway signal was computed as the integrated area

of power spectrum, and 95% power frequency was

determined as the point below which 95% of the total power

is placed."?

A linear mixed model with the random effects for subjects
and subjects x condition was used to compare the means.
The least square means for the three groups of
amputees/older adults/young adults x condition and their
pairwise differences were computed for this model.

RESULTS

Comparison of older adults, younger adults, and amputees
on the three conditions of standing eyes open, eyes closed,
and on foam revealed significant differences between
groups. Mean mediolateral (ML) sway distance from the
COP was significantly increased by both amputation and
aging (P<0.0001). Tukey-Kramer post hoc analysis
revealed that amputees’ COP deviated a significantly higher
distance from the central point than did COP of young
participants (Figure 1), particularly with eyes closed
(p=0.02). Similarly, older adults swayed a greater distance
mediolaterally than did young adults (p=0.001). The
difference between older adults and amputees however,
was not statistically significant, even though this value was
higher for older adults. Furthermore, the difference in total
excursions of sway during static standing was also
significantly different between the three groups (amputees,
young adults, and older adults) (p<0.0001).

Post hoc analysis showed greater total excursions among
older adults when compared to young adults (p<0.05)
(Figure 2). When older adults were compared to amputee
participants, however, the value of excursions was
significantly higher for amputees (p=0.0008) only when
participants were standing eyes closed. Mean velocity of
sway was different between groups (p<0.0001). Older
adults showed higher velocity of sway when compared to
young adults in all conditions of standing, i.e., eyes open
(p=0.002), eyes closed (p=0.0005), and standing on foam
(p=0.001). While amputees swayed at higher velocity than
did young adults, their velocity of sway was still lower than
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older adults’ in eyes open and standing on foam conditions
and slightly higher in eyes closed condition. These
differences, however, were not statistically significant.
When eyes were closed, amputees showed a substantially
higher velocity of sway than did young adults (p=0.0008)
(Figure 3).

Velocity of sway also varied based on condition of standing
for all groups (p=0.0176). Amputees’ sway velocity was
greatest with eyes closed, followed by standing on foam,
and least with eyes open. These differences in sway velocity
for the amputee group were statistically significant only for
eyes closed vs. eyes open (p=0.024). This pattern however,
was different for older adults. Older adults showed their
highest velocity of sway when standing on foam. There was
no statistically significant difference in sway velocity for
older adults with eyes closed vs. eyes open, or eyes closed
vs. standing on foam. The difference in velocity of sway was
significant, however, when foam standing was compared to
eyes open (p=0.0446).

Resultant power of sway signal was also significantly
different between the three groups (amputees, young
adults, and older adults) (p=0.0074) and between the three
conditions of standing (p=0.025). No significant interaction
between groups and conditions of standing was noted.
When young and older adults were compared, Tukey-
Kramer post hoc analysis showed that older adults
demonstrated a higher level of power. Although this
difference was not significant for the eyes open condition, it
was nearly significant for the eyes closed (p=0.05) and
significant for standing on foam (p=0.0014) conditions.
Power of sway signal for the amputee group was higher
than for young adults and lower than for older adults under
conditions of eyes open, eyes closed and standing on foam.
This difference however, was not statistically significant.
Further analysis of our data showed that the resultant
mediolateral 95% power frequency was significantly lower
for both amputees and older adults when compared to
young adults (p<0.05) for eyes open and eyes closed
conditions (Figure 4). Lower power of amputee and older
adults however, was not significant compared to young
adults for standing on foam condition.

Since our amputee population consisted of both young and
older adults, we performed a secondary analysis on our
data, eliminating data for amputees under the age of 60. We
anticipated that this change would lead to a more
homogenous sample of amputees who were all older adults.
Therefore, comparison of amputees with older adults and
young adults may be more telling. As a result, the amputee
group in our secondary analysis consisted of 3 amputees
(age 62 (SD=3.8) years). Similar to our previous findings,
we noticed that older amputees sway at a significantly
higher level with eyes closed than do young adults
(p=0.046), but the sway distance, although higher, does not
differ substantially when compared to older adults without
amputation (p>0.05). Furthermore, we noticed that even
though older amputees performed significantly higher total
excursion of sway when compared to young adults
(p=0.001), their total excursion was not substantially
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Mean distance of sway in mediolateral direction (mm)

different from older adults in closed-eyes conditions.
This latter finding was not in agreement with our original
findings. Pattern of changes in sway velocity was similar to
our original analysis. We noticed that older adults showed
higher velocity of sway when compared to young adults in
all conditions of standing, i.e., eyes open (p=0.002), eyes
closed (p=0.0006), and standing on foam (p=0.002). When
eyes were closed, older amputees showed a substantially
higher velocity of sway than did young adults (p=0.0013).
The difference of sway velocity among older adults and
amputee was not statistically significant.
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Figure 1: Comparison of mean distance from the mean center of
pressure in mediolateral direction during static standing for three
different conditions of eyes open, eyes closed, and standing on
foam. Diamond shape and solid line indicate mean and median of
the data respectively. Data presented for three groups of amputees
(AM), older adults (OA) and young adults (YA). Asterisks (**)
denote statistically significant differences (p<0.05).

Our secondary analysis for the resultant power of sway
signal showed a similar pattern as our original analysis.
Resultant power of sway was significantly different between
the three groups (amputees, young adults, and older adults)
(p=0.009) and between the three conditions of standing
(p=0.01). Older adults demonstrated a higher level of power
when compared to young adults. This difference was not
statistically significant for the eyes open condition and eyes
closed conditions, but significantly higher for older adults
when standing on foam (p=0.002). Power of sway signal for
the older amputee group was higher than for young adults
and lower than for older adults under conditions of eyes
open, eyes closed and standing on foam. Analysis of the
resultant mediolateral 95% power frequency showed that
this value is significantly lower for both older amputees and
older adults without amputation when compared to young
adults (p<0.05) for eyes-open and eyes-closed conditions.
This difference however, was not statistically significant
when participants were standing on foam.
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Figure 2: Comparison of total excursion of sway for three different
conditions of eyes open, eyes closed, and standing on foam.
Diamond shape and solid line indicate mean and median of the data
respectively. Data presented for three groups of amputees (AM),
older adults (OA) and young adults (YA). Asterisks (**) denote
statistically significant differences (p<0.05).
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Figure 3: Figure depicts mean velocity of sway for three different
conditions of eyes open, eyes closed, and standing on foam.
Diamond shape and solid line indicate mean and median of the data
respectively. Data presented for three groups of amputees (AM),
older adults (OA) and young adults (YA). Asterisks (**) denote
statistically significant differences (p<0.05). Note variation of mean
velocity when amputees and older adults are compared for the
conditions of eyes closed versus standing on foam.

We performed an additional analysis on our data by
removing the two individuals with hip disarticulation and
bilateral transtibial amputation and included only those with
unilateral transfemoral and transtibial amputation for
analysis.
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Figure 4: Comparison of 95% mediolateral power frequency of
sway signal for three different conditions of eyes open, eyes closed,
and standing on foam. Diamond shape and solid line indicate mean
and median of the data respectively. Data presented for three
groups of amputees (AM), older adults (OA) and young adults (YA).
Asterisks (**) denote statistically significant differences (p<0.05).

Considering that static balance is mainly controlled through
ankle and hip strategies,’® we attempted to create a more
homogenized sample by removing two participants from the
sample. We anticipated, unlike other participants, bilateral
amputees may not have a chance to compensate for the
loss of ankle strategy through the sound limb. Although
inability to perform hip strategy in individuals with hip
disarticulation is yet to be determined, we also excluded this
participant to avoid any potential bias.

Comparison of means and confidence limits for time and
frequency domain variables showed almost a similar pattern
as previous analysis. When older adults and young adults
were compared with amputees, except for resultant power,
amputees’ variables were closer to those of older adults
than young adults (Figure 5). The mean of resultant power,
however, was closer to the mean power of young adults
than older adults (Figure 5E).

Further analysis showed that participants with amputation
swayed at a significantly higher velocity when compared
with young adults (p=0.012) during eyes closed condition.
On the other hand, amputees swayed at a significantly lower
velocity when compared to older adults (p=0.015) during
standing on the foam condition. Similarly, amputees total
excursion of sway was higher than young adults in eyes
closed trials (p=0.012) and less than older adults in trials of
standing on foam (p=0.015). When power of sway signal
during standing on foam condition were compared,
amputee participant generated significantly less power
during static standing comparing with older adults
(p=0.002).
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Table 1: Table consists of demographic information on study
participants. Participants are presented as non-amputees (NAM),
right/left trans tibial (RTT/LTT), bilateral trans tibial (BTT), left
Trans-femoral (LTF) and left hip disarticulation(LHD). Most study
participants with amputation was using Dynamic Response (DR)
prosthetic feet.

Participant Gender Age '-l(i:g?t V\(Eig)ht Condition LFIF?]TD Reason Proff)t(l;lte i
ength
1 M 26 172 671 NAM
2 M 29 171 60.3 NAM
3 M 24 181 80 NAM
4 M 24 188 76.1 NAM
5 F 25 160 65.2 NAM
6 F 25 153 584 NAM
7 M 77 1725 66 NAM
8 F 72 166.6 68.8 NAM
9 M 25 1845 911 NAM
10 M 24 187 753 NAM
11 F 24 167.5 69.5 NAM
12 F 24 159 68.3 NAM
13 M 69 172 795 NAM
14 F 68 167 62.9 NAM
15 M 70 166 78.7 NAM
16 M 77 1745 86.9 NAM
17 F 82 160.5 67.1 NAM
18 M 65 174.8 1044 NAM
19 M 71 1775 94.1 NAM
20 F 66 157.6 82.1 NAM
21 M 30 196 1005 RTT 10 Trauma DR
22 M 58 1734 101 LTT 16.5 Trauma DR
23 M 30 1855 84.4 LTF 36 Trauma DR
24 M 61 177 100.1 LTF 37 Disease DR
25 F 60 160.51 84.9 LHD 0 Disease DR
26 M 67 1825 921 BTT “on/ Disease SACH
DISCUSSION

It has been documented that mediolateral stability
significantly correlates with the risk of falling in older
adults.*° Winter et al. previously highlighted the importance
of mediolateral sway during quiet standing.***? It has also
been shown that mediolateral sway is increased in fallers
when compared to non-fallers.®® Our results suggest that
lower limb amputation significantly affects postural
steadiness. Comparison of our finding with young and older
adults also revealed important aspects of postural control in
lower extremity amputees. To our knowledge, no other
studies have compared postural stability of lower extremity
amputees against that of young and older adults. Our
results showed that while older adults swayed
mediolaterally more than did amputees, the difference was
not statistically significant. Both amputees and older adults,
however, swayed significantly more than did young adults.
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This variation, coupled with others’ findings relating sway to
falls, supports the conclusion that both older adults and
lower limb amputees are prone to falling. Our study finding
is in agreement to those of Buckley et al,** who reported
increased sway distance in a group of 6 trans-tibial/trans-
femoral amputees.

Similarly, total excursions of the center of pressure was
higher for both older adults and amputees. When standing
was challenged by a compliant (foam) surface, we noticed
greater total excursions of sway in older adults, when
compared to other conditions. Further analysis of sway
velocity augmented this finding.

Velocity of sway is recognized as one of the most important
variables of sway analysis that can determine effects of
aging on balance.'? Our results showed that older adults
and amputees sway at a significantly higher velocity than do
young adults (p<0.0001). Our post-hoc analysis did not
reveal any significant difference in sway velocity between
amputees and older adults. We also noted that with both
amputees and older adults, the sway velocity increased
when the condition was changed from eyes open to either
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eyes closed or standing on foam. It is particularly
interesting, however, that the pattern of velocity is different
between amputees and older adults when evaluating the
three standing conditions. The two conditions of eyes
closed and standing on foam are primarily designed to
diminish  visual and somatosensory/proprioceptive
information, respectively, to the postural control system. It
has been well documented and also seen in our own data
that loss of any one of these sources of information for
postural control leads to an increased sway and sway
velocity in static standing.®® In our study, when amputees
and older adults were compared, amputees swayed most
when their eyes were closed, whereas older adults swayed
more when they were standing on foam. Amputees’ sway
velocity with eyes closed was significantly more than with
eyes open (p=0.024); whereas, sway velocity did not
increase significantly from eyes open to foam standing
(p=0.19). On the other hand, for older adults, increase of
sway velocity was significant when eyes open was
compared to foam standing (p=0.044), while the increase in
sway velocity was not significant when eyes open was
compared to eyes closed (p=0.59). Both groups had

6
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corrected visual acuity of 20/20 with no known sensory
deficits or physical or mental conditions that could
potentially affect their balance. This may indicate that
amputees are more dependent on visual information,
whereas older adults are more dependent on
somatosensory and proprioceptive information, to control
their balance. The increased dependency of lower extremity
amputees on visual input is also reported by Arifin et al.>6%7
in a sample of trans-tibial amputees, although no
comparisons were made between amputees and young or
older adults in this study.

Also compared were the resultant mediolateral 95% power
frequency among the study participants. The 95% power
frequency is an estimate of the extent of the spectral content
and indicates the frequency below which 95% of the
integrated area of power spectrum resides. More detailed
definition and method of calculation is explained
elsewhere.'?8 Power spectral density is known to indicate
the underlying mechanism of postural control.*? Therefore,
the study suggests that the underlying mechanism of
postural control for both amputees and older adults changes
when eyes were closed, but not when they were standing
on foam.

Limitations

There are several limitations acknowledged with respect to
the generalizability of the study results. First, the study
involved a small number of amputee participants: 6
individuals with lower extremity amputation and 20 healthy
controls. Although the findings suggest that amputees have
an increased risk for falls and that they may rely heavily on
visual input for postural control, replication should be sought
with a larger sample. It is to be noted that the original
sample included both young and older adults. In the
secondary analysis, however, the data of amputees older
than 60 years was only included. Although this change
made the study sample more homogenous, it reduced the
sample size even more. Additionally, all amputee data was
combined, regardless of the level of amputation or, in the
case of one participant, bilateral vs. unilateral amputation.
As a result, this combination may have affected the results,
but the level of this impact is yet to be investigated.
Considering that in the inverted pendulum model of postural
control, as suggested by Maurer and Peterka,’* postural
sway is substantially controlled at the ankles. In fact, in a
study of 8 unilateral trans-femoral amputees, Hlavackova et
al.>® showed that the sound limb is most responsible for
sway velocity when compared with the amputated side. In
the current study, participants had different levels of
amputation with the common characteristics that they were
all missing their ankle. Nevertheless, further studies with a
larger and more homogenous sample would be warranted
to compare postural sway data between individuals with
lower extremity amputation at different levels.

https://doi.org/10.33137/cpoj.v3i2.33804

CONCLUSION

The results of this study suggest that lower limb amputation
significantly affects postural steadiness. Additionally, it was
noted that mediolateral postural sway and velocity of sway
of lower limb amputee participants of this study were slightly
less than those values for older adults. Furthermore, while
both amputees and older adults represent a diminished
postural steadiness, older adults’ steadiness is challenged
more when standing on the foam, while amputees’
steadiness is more challenged when standing with eyes
closed. It appears that when older adults and amputees are
compared, most likely older adults are more dependent on
their sensory information, while amputees are more
dependent on their visual information.

ACKNOWLEDGEMENTS

The author would like acknowledge the help of Ms. Lisa
Blackmer (SPT—Northern lllinois University) for her
assistance with manuscript preparation and editorial
contributions. The author would like to acknowledge the
help of physical therapy students at Northern lllinois
University with data collection in this study.

DECLARATION OF CONFLICTING
INTERESTS

Author do not have any conflict of interest to disclose.
SOURCES OF SUPPORT

N/A

ETHICAL APPROVAL

This study approved (HS11- 0407) by the Institutional Review
Board, Northern lllinois University. Participants were asked to sign
a consent form prior to participation in the study.

REFERENCES

1.Ma VY, Chan L, Carruthers KJ. Incidence, prevalence, costs, and
impact on disability of common conditions requiring rehabilitation in
the United States: stroke, spinal cord injury, traumatic brain injury,
multiple sclerosis, osteoarthritis, rheumatoid arthritis, limb loss, and
back pain. Arch Phys Med Rehabil. 2014;95(5):986-995. DOI:
10.1016/j.apmr.2013.10.032

2.Fosse S, Hartemann-Heurtier A, Jacqueminet S, Ha Van G,
Grimaldi A, Fagot-Campagna A. Incidence and characteristics of
lower limb amputations in people with diabetes. Diabet Med.
2009;26(4):391-6. DOI: 10.1111/j.1464-5491.2009.02698.x

3.Ziegler-Graham K, MacKenzie EJ, Ephraim PL, Travison TG,
Brookmeyer R. Estimating the prevalence of limb loss in the United
States: 2005 to 2050. Arch Phys Med Rehabil. 2008;89(3):422-429.
DOI: 10.1016/j.apmr.2007.11.005


https://doi.org/10.33137/cpoj.v3i2.33804

4.Renzi R, Unwin N, Jubelirer R, Haag L. An international
comparison of lower extremity amputation rates. Ann Vasc Surg.
2006;20(3):346-50. DOI: 10.1007/s10016-006-9044-9

5.Gauthier-Gagnon C, Grise MC, Potvin D. Enabling factors related
to prosthetic use by people with transtibial and transfemoral
amputation. Arch Phys Med Rehabil. 1999;80(6):706-13. DOI:
10.1016/s0003-9993(99)90177-6

6.Felcher SM, Stinner DJ, Krueger CA, Wilken JM, Gajewski DA,
Hsu JR, et al. Falls in a young active amputee population: a
frequent cause of rehospitalization? Mil Med. 2015;180(10): 1083-
1086. DOI: 10.7205/MILMED-D-14-00450

7.Miller WC, Speechley M, Deathe B. The prevalence and risk
factors of falling and fear of falling among lower extremity
amputees. Arch Phys Med Rehabil. 2001;82(8):1031-1037. DOI:
10.1053/apmr.2001.24295

8.Wong CK, Chen CC, Blackwell WM, Rahal RT, Benoy SA.
Balance ability measured with the Berg balance scale: a
determinant of fall history in community-dwelling adults with leg
amputation. J Rehabil Med. 2015;47(1):80-86. DOI:10.2340/
16501977-1882

9.Miller WC, Deathe AB, Speechley M, Koval J. The influence of
falling, fear of falling, and balance confidence on prosthetic mobility
and social activity among individuals with a lower extremity
amputation. Arch Phys Med Rehabil. 2001;82(9):1238-1244. DOI:
10.1053/apmr.2001.25079

10.Bateni H, Nuzzo N. Long-term Influence of Ankle Sprain on
Dynamic Postural Steadiness. lllinois Physical Therapy Association
(IPTA) meeting; 2011 September 23-24; Galena, IL.

11.Bateni H, Collins P, Odeh C. Comparison of the Effect of Cane,
Tripod Cane Tip, and Quad Cane on Postural Steadiness in
Healthy Older Adults. J Prosthet Orthot. 2018;30(2):84-89.
DOI:10.1097/ JPO.0000000000000176

12.Prieto TE, Myklebust JB, Hoffmann RG, Lovett EG, Myklebust
BM. Measures of postural steadiness: differences between healthy
young and elderly adults. IEEE Trans Biomed Eng. 1996;43(9):956-
966. DOI: 10.1109/10.532130

13.Prieto TE, Myklebust JB, Myklebust BM. Characterization and
modelling of postural steadiness in the elderly: A review. |IEEE
Trans Rehabil Eng. 1993;1:26. DOI: 10.1109/86.242405

14.Davids K, Kingsbury D, George K, O'Connell M, Stock D.
Interacting Constraints and the Emergence of Postural Behavior in
ACL-Deficient Subjects. J Mot Behav. 1999;31(4):358-366. DOI:
10.1080/00222899909601000

15.Tjon SS, Geurts AC, van't Pad Bosch P, Laan RF, Mulder T.
Postural control in rheumatoid arthritis patients scheduled for total
knee arthroplasty. Arch Phys Med Rehabil. 2000;81(11):1489. DOI:
10.1053/apmr.2000.9627

16.Giacomini P, Sorace F, Magrini A, Alessandrini M. Alterations in
postural control: the use of spectral analysis in stability
measurement. Acta Otorhinolaryngol Ital. 1998;18(2):83-87.

17.Golomer E, Dupui P, Bessou P. Spectral frequency analysis of
dynamic balance in healthy and injured athletes. Arch Int
Physiol Biochim Biophys. 1994;102(3):225-229. DOI:10.3109/
13813459409007543

18.Bateni H. Effect of Orthotic Insoles on Postural Control.
American Orthotic and Prosthetic Association National Assembly;
2011 September 19-22; Las Vegas, NV.

https://doi.org/10.33137/cpoj.v3i2.33804

19.Bateni H. Changes of postural steadiness following use of
prefabricated orthotic insoles. J Appl Biomech. 2013;29(2):174-
179. DOI: 10.1123/jab.29.2.174

20.Davis JR, Campbell AD, Adkin AL, Carpenter MG. The
relationship between fear of falling and human postural control. Gait
Posture. 2009;29(2):275-279. DOI: 10.1016/j.gaitpost.2008.09.006

21.Sturnieks DL, Delbaere K, Brodie MA, Lord SR. The influence
of age, anxiety and concern about falling on postural sway when
standing at an elevated level. Hum Mov Sci. 2016;49:206-215. DOI:
10.1016/j.humov.2016.06.014

22.MacBride A, Rogers J, Whylie B, Freeman SJ. Psychosocial
factors in the rehabilitation of elderly amputees. Psychosomatics.
1980;21(3):258-265. DOI: 10.1016/S0033-3182(80)73701-5

23.Ku PX, Abu Osman NA, Wan Abas WA. Balance control in lower
extremity amputees during quiet standing: a systematic review.
Gait Posture. 2014;39(2):672-682. DOI: 10.1016/j.gaitpost.
2013.07.006

24.Maurer C, Peterka RJ. A new interpretation of spontaneous
sway measures based on a simple model of human postural
control. J Neurophysiol. 2005;93(1):189-200. DOI: 10.1152/
jn.00221.2004.

25.Duarte M, Sternad D. Complexity of human postural control in
young and older adults during prolonged standing. Exp Brain Res.
2008;191(3):265-276. DOI: 10.1007/s00221-008-1521-7

26.Forsman P, Haeggstrom E, Wallin A, Toppila E, Pyykko I.
Daytime changes in postural stability and repeatability of
posturographic measurements. J Occup Environ Med.
2007;49(6):591-596. DOI: 10.1097/J0OM.0b013e3180577796

27.Lafond D, Corriveau H, Hebert R, Prince F. Intrasession
reliability of center of pressure measures of postural steadiness in
healthy elderly people. Arch Phys Med Rehabil. 2004;85(6):896-
901. DOI: 10.1016/j.apmr.2003.08.089

28.Rocchi L, Chiari L, Horak FB. Effects of deep brain stimulation
and levodopa on postural sway in Parkinson's disease. J Neurol
Neurosurg Psychiatry. 2002;73(3):267-274. DOIl: 10.1136/
jnnp.73.3.267

29.de Haart M, Geurts AC, Huidekoper SC, Fasotti L, van Limbeek
J. Recovery of standing balance in postacute stroke patients: a
rehabilitation cohort study. Arch Phys Med Rehabil. 2004;85(6):
886-895. DOI: 10.1016/j.apmr.2003.05.012

30.Hilliard MJ, Martinez KM, Janssen |, Edwards B, Mille ML,
Zhang Y, et al. Lateral balance factors predict future falls in
community-living older adults. Arch Phys Med Rehabil. 2008;89(9):
1708-1713. DOI: 10.1016/j.apmr.2008.01.023

31.Winter DA, Prince F, Frank JS, Powell C, Zabjek KF. Unified
theory regarding a/p and m/l balance in quiet stance.
J Neurophysiol. 1996;75:2334-2343 DOI: 10.1152/
jn.1996.75.6.2334

32.Winter DA, Prince F, Stergiou P, Powell C. Medial-lateral and
anterior-posterior motor responses associated with centre of
pressure changes in quiet standing. Neurosci Res Commun
1993;12:141.

33.Maki BE, Holliday PJ, Topper AK. A prospective study of
postural balance and risk of falling in an ambulatory and
independent elderly population. J Gerontol. 1994;49(2):72-84. DOI:
10.1093/geronj/49.2.m72

34.Buckley JG, O'Driscoll D, Bennett SJ. Postural sway and active
balance performance in highly active lower-limb amputees. Am J


https://doi.org/10.33137/cpoj.v3i2.33804

Phys Med Rehabil. 2002;81(1):13-20. DOI: 10.1097/00002060-
200201000-00004

35.Patel M, Fransson PA, Lush D, Petersen H, Magnusson M,
Johansson R, et al. The effects of foam surface properties on
standing body movement. Acta Otolaryngol. 2008;128(9):952-960.
DOI: 10.1080/00016480701827517

36.Arifin N, Abu Osman NA, Ali S, Gholizadeh H, Abas WA.
Postural stability characteristics of transtibial amputees wearing
different prosthetic foot types when standing on various
support surfaces. Sci World J. 2014. DOI: 10.1155/ 2014/856279

37.Arifin N, Abu Osman NA, Ali S, Wan Abas WA. The effects of
prosthetic foot type and visual alteration on postural steadiness in
below-knee amputees. Biomed Eng Online. 2014;13(1):23. DOI:
10.1186/1475-925X-13-23.

38.Bateni H. Changes of Postural Steadiness Following Use of
Prefabricated Orthotic Insole. J Appl Biomech. 2013; 29(2):174-
179. DOI: 10.1123/jab.29.2.174

39.Hlavackova P, Franco C, Diot B, Vuillerme N. Contribution of
each leg to the control of unperturbed bipedal stance in lower limb
amputees: new insights using entropy. PLoS One.
2011;6(5):€19661. DOI: 10.1371/journal.pone.0019661

https://doi.org/10.33137/cpoj.v3i2.33804


https://doi.org/10.33137/cpoj.v3i2.33804

