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Abstract—For people with lower-limb loss, impaired balance
is common and limits prosthetic function within the community. This cross-sectional study (1) analyzed relationships
among prosthetic use for mobility, balance ability and confidence, and amputation-related variables and (2) determined
multivariate models to identify level of prosthetic use. Subjects
included 46 community-dwelling adults (mean age 56.2 yr)
with limb loss (91.3% unilateral) of varied levels (52.2% transtibial) and etiologies (69.6% vascular). A three-variable linear
regression model including balance ability, balance confidence, and years since amputation explained 63.7% of variance
in the Houghton scale of prosthetic use score. A logistic regression model including the 14-task Berg Balance Scale, balance
confidence, years since amputation, age, and number of comorbidities correctly differentiated between people who had
reached a satisfactory level of prosthetic use or not 89.1% of
the time. The first three variables demonstrated moderate accuracy with positive likelihood ratios from 2.34 to 4.35. The
regression model was further reduced to correctly classify
87.0% of cases with three balance ability tasks (retrieving
objects from floor, turning to look behind, and placing alternate
foot on stool), balance confidence, and numbers of comorbidities. Logistic models that include balance ability, balance confidence, and numbers of comorbidities can identify level of
prosthetic use in people with lower-limb loss. Increased balance confidence and ability when retrieving objects from floor,
turning to look behind, and placing alternate foot on stool were
most indicative of successful prosthetic use for mobility.

INTRODUCTION
Balance ability is frequently impaired after lowerlimb loss and has been implicated as a primary contributor to decreased walking function when using a prosthesis [1]. For community-dwelling elderly [2] and people
with neurologic disorders [3], the Berg Balance Scale
(BBS) has demonstrated excellent psychometric properties and has been widely used as an objective assessment
of balance ability. Recent research has determined that
the BBS is a valid assessment of balance ability in people
with lower-limb amputations, including prosthetic and
nonprosthetic users [4]. The BBS also demonstrated
moderate concurrent validity with the Frenchay Activities Index and the two-minute walk test [5]. The BBS has
also demonstrated excellent intrarater [5–6] and interrater
reliability for people from the highest to the lowest balance ability strata [6].

Abbreviations: +LR = positive likelihood ratio, ABC = Activities-Specific Balance Confidence scale, AUC = area under the
curve, BBS = Berg Balance Scale, CI = confidence interval.
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Among the 14 balance tasks of the BBS [7], several
have been identified through Rasch analysis as particularly difficult for people with lower-limb loss: standing
one foot in front, placing alternate foot on a stool, turning
360°, and standing on one leg (from most to least difficult) [4]. Performance on standing on one leg, the task
most often investigated as a separate variable, was correlated with self-reported functional mobility scales and
performance measures like the Timed “Up and Go” test
[8] and has been included as a significant independent
variable in a predictive model for the six-minute walk
test [9]. People with unilateral lower-limb loss may
develop the ability to stand on the intact leg more consistently than other tasks performed less often due to necessity [4]. Studies assessing balance with standing on one
leg in people with lower-limb loss have not typically
included the other individual BBS tasks in multivariate
analyses.
Balance training is an important component of rehabilitation after amputation, and comprehensive rehabilitation for people with lower-limb loss incorporates balance
development with gait training to facilitate safety, prosthetic function, and ultimately participation in social
activity [10]. Prosthetic componentry and functional gait
training have both been shown to improve gait performance ability, as measured by outcomes such as the twominute walk test [11–12]. However, development of balance ability alone has also been shown to improve gait
performance measured with the Timed “Up and Go” test
[13]. In addition, the psychological awareness of the
movement patterns required for functional gait has been
shown to affect prosthetic gait function [14].
Prosthetic functioning requires an individual to have
both sufficient physical performance ability and the motivation and confidence to try to use the prosthesis in different ways in the course of life’s activities [15]. The
psychological willingness to use the prosthesis, expressed
as the motivation to walk, was found to be significantly
different between older individuals who successfully functioned with their prosthesis and those who were unsuccessful [15]. Miller et al. also found that balance confidence,
measured by the Activities-Specific Balance Confidence
scale (ABC), played a significant role in predicting prosthetic use, mobility, and participation in community and
social activities [16]. The Miller et al. study, however, did
not include a performance-based assessment of balance
ability as an independent variable together with the ABC
[16]. Thus, the relative contributions of balance ability and

balance confidence on prosthetic use for mobility after
lower-limb loss have not been explored.
Balance ability assessed using the BBS, balance confidence measured with the ABC, and other individual
characteristics and elements of the medical history, when
considered together, may help identify people with
lower-limb loss who are likely to have low prosthetic
functioning and thus benefit from additional rehabilitative care. The purposes of this study were to (1) analyze
the relationships among self-reported prosthetic use for
mobility (Houghton), balance ability (BBS), balance confidence (ABC), and individual characteristics and (2)
determine multivariate regression models that differentiate between satisfactory and unsatisfactory prosthetic
use. The hypothesis was that balance ability would be a
significant contributor in regression models of prosthetic
use for mobility.

METHODS
The protocol for this cross-sectional study was
approved by and conducted in accordance with the institutional review board of the participating university medical
center.
Subjects
Subjects were recruited by flyer and word of mouth
from local prosthetic clinics and support groups as part of
an ongoing longitudinal study. Inclusion criteria for the
study were community-dwelling individuals with bilateral or unilateral lower-limb amputations of any level or
etiology who had completed initial prosthetic training.
Exclusion criteria included medical issues that affected
balance including uncontrolled cardiovascular disorders,
neurological disorders such as stroke or vestibular disorders, blindness, or cognitive disability preventing understanding of the study purpose and procedures.
The sample size was determined in two ways. First,
variables anticipated to be of clinical relevance to prosthetic function based on clinical experience and past
literature were initially included: age, years since amputation, amputation etiology, amputation level, unilateral
or bilateral amputation, BBS score (balance ability), and
ABC score (balance confidence). Given that seven variables were expected to be of interest and that five subjects per variable entered was the minimum required
number to produce stable results not due to chance [17], a
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minimum sample size of 35 was deemed sufficient. Second, appropriate sample size was also determined using
more specific parameters by taking into account past
research that found variables including ABC score determined over 60 percent of the variance in prosthetic use
for mobility when measured by the Houghton scale [16].
For a three-variable model with R2 = 0.60 and good predictive level, a sample size of 33 was required, while a
larger sample of 45 was required when R2 = 0.50 [18].
The projected sample size was thus set at 50, sufficient
for a minimum of 5 subjects for up to 10 variables
entered, to assure an adequate sample size to provide
enough power even with attrition [17].
Measurements
The primary outcome of interest was self-reported
prosthetic use for mobility, as quantified by the Houghton
Scale [19]. The Houghton scale is a self-administered questionnaire recommended for routine clinical use specifically
for people with lower-limb amputations [20]. Scores for
four questions addressing the duration of daily prosthesis
wear, use of prosthesis and assistive device, and perceived
stability when using the prosthesis for mobility on various
terrains are summated, with the total score reported.
Houghton scale scores range from 0 to 12, with higher
scores indicating better function. Scores of 9 or greater
have been suggested as representing rehabilitation to a satisfactory level of prosthetic use [19]. Houghton scale scores
correlate moderately with physical walking ability measures with better convergent validity with the Timed “Up
and Go” and two-minute walk test than more detailed selfreport measures like the Prosthetic Evaluation Questionnaire [21–22]. Houghton scale internal consistency has
been moderate [21]. Test-retest reliability of the Houghton
scale has been excellent [22]. Like the Prosthetic Evaluation Questionnaire, the Houghton scale differentiates
between people with different amputation etiologies and
functional walking levels, though only the Houghton scale
differentiates between different amputation levels [22]. The
Houghton scale has also been observed to be responsive to
change after a course of rehabilitation [21].
Balance confidence was assessed using the ABC.
The self-reported ABC quantifies the individual’s balance confidence when performing 16 different activities,
with the average percent confidence reported [23]. The
activities range from retrieving an object from the floor,
at eye level, and above one’s head to walking in a parking
lot, up and down ramps, and on icy sidewalks. Rasch

analysis has shown that the 16 activities represent a hierarchy of difficulty without redundancy [24]. Validity [21]
and reliability [22] of the ABC have been established for
people with lower-limb amputations.
Performance-based balance ability was measured
with the BBS, which consists of 14 tasks that challenge
static and dynamic balance in a variety of ways [7]. Each
task is scored from 0 to 4, with the total score reported
[7]. The BBS performed without using an assistive
device has been demonstrated to be a valid assessment of
balance ability for people with lower-limb loss with the
following modifications [4]. Tasks that can emphasize
one leg over another (stand one foot in front, stand on
one leg) were performed both ways with the best score
recorded. An ability score of zero was assigned to subjects unable to attempt any particular task [4]. Inter- and
intrarater reliability of the BBS for people with lowerlimb loss have also been excellent [5–6].
Procedure
After informed consent was obtained, subjects were
interviewed and completed questionnaires and the balance assessment in a single session. Data collected
through self-reported paper questionnaire included age,
sex, race, weight, height, consumption of alcohol, medical comorbidities, amputation etiology and level, years
since amputation, prosthesis use, and number of falls in
the past 12 mo. Alcohol consumption was rated as any or
none. Falls were defined as loss of balance events resulting in the subject on the ground. After filling out the
ABC and Houghton scale, the balance ability of each
subject was assessed using the BBS by testers that had
demonstrated excellent interrater reliability in a separate
testing [6], as administered for people with limb loss [4].
Statistical Analyses
Variables associated with the Houghton scale of prosthetic use for mobility were identified for further analysis
by calculating Spearman correlation coefficients. In addition to the seven variables initially anticipated to be clinically or theoretically relevant, variables with significant
correlations at the rho > 0.50 levels [17] were identified for
inclusion in the multiple-regression analyses. Two additional variables were included to account for general
health: body mass index unadjusted for amputation and
number of comorbidities counted from a list of potential
medical issues. Thus, nine total variables were entered into
the regression analyses: BBS, ABC, age, years since
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amputation, amputation etiology, most proximal amputation level, unilateral or bilateral amputation status, body
mass index, and number of comorbidities. The subject with
ankle disarticulation was grouped with subjects with transtibial amputation because all used a prosthetic foot/ankle
but not a knee unit. Variables with missing data for 10 percent of the subjects or collinearity with the Houghton scale,
such as prosthesis, assistive device, and wheelchair use,
were not included.
Multivariate linear regression was performed using a
manual backward deletion process with variables demonstrating the weakest associations removed first to the p >
0.10 level. Inclusion of variables with p-values between
0.10 and 0.15 was considered to maintain the most
authentic confounding variables if deemed clinically
important [25]. Variables with high levels of collinearity
as demonstrated by values of tolerance <0.20 or variance
inflation factor >5.0 would have been excluded. A simple
bootstrapping procedure was performed with 95 percent
confidence interval (CI) and 1,000 samples per step to
reduce the effect of distribution variability and the small
sample size [26]. Bootstrapping results in wider confidence intervals and a conservative estimate of model
strength [25]. Regression model significance level was
set at p < 0.05, and the adjusted R2, which accounts for
the number of variables entered, was reported. In addition, the Hosmer and Lemeshow test (p > 0.05) was used
to ensure goodness of fit, and visual inspection of the
normal probability plot was used to determine whether
data fell in a normal distribution.
Logistic regression including the same nine variables
selected for clinical and theoretical relevance [25,27] was
conducted to determine which set of variables identified
the binary outcome of unsatisfactory or satisfactory prosthetic use as defined by the suggested Houghton score  9
[19]. Such a model may be useful clinically in determining functional prognoses. The initial model was adjusted
using the same process of manual backward deletion used
for the multivariate linear regression analysis, preserving
variables with significance to p < 0.10 [25] and applying
the 1,000 samples per step bootstrapping procedure [26].
Individual BBS tasks were substituted for the total BBS
score and the model was further reduced. Model significance level was set at p < 0.05 with percent correct classifications reported.
Receiver operating curves were charted for variables
that remained significant (p < 0.05) in the final regression
model. Area under the curve (AUC) values were calcu-

lated with 95 percent CIs and significance levels set at p <
0.05, with values > 0.70 considered to indicate moderate
accuracy and usefulness [28]. Relevant cut-points were
identified, with relevant sensitivity, specificity, and positive likelihood ratio (+LR) reported.
t-Tests were performed to determine whether differences existed between people with satisfactory (Houghton
 9) and unsatisfactory levels of prosthetic use (Houghton
< 9) with regards to age, body mass index, number of
comorbidities, years since amputation, ABC, BBS total
score, and BBS item scores; Fisher exact tests were conducted to examine the differences between sex, vascular
etiology, amputation level, and unilateral and bilateral
amputations.

RESULTS
Of the 60 subjects initially recruited for the study, 6
dropped out before completing the assessments and 8
were not using their prosthesis at the time of assessment.
Information for the 46 subjects who completed the
assessments and were included in the study analysis has
been described in Tables 1 and 2.
Correlations
Spearman correlations for the Houghton scale of
prosthetic use for mobility found two variables with significant correlations and coefficients of rho > 0.50: ABC
scale score (rho = 0.77) and BBS score (rho = 0.73).
Table 1.
Subject information.
Subject Descriptor
Sex
Women
Men
Etiology
Vascular (peripheral vascular disease and/or diabetes)
Nonvascular (trauma and other medical diagnoses)
Amputation Levels
Unilateral
Transtibial
Transfemoral
Ankle disarticulation
Bilateral
Transtibial
Transtibial-Transfemoral

n

%

14
32

30.4
69.6

32
14

69.6
30.4

42
24
17
1
4
2
2

91.4
52.2
37.0
2.2
8.6
4.3
4.3
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Table 2.
Subject information.

Subject Descriptor

Mean
56.2
6.7
27.9
1.6
0.9
7.5
65.1
43.0

Age (yr)
Years Since Amputation
Body Mass Index
Number of Comorbidities
Falls in 1 Yr
Houghton Score
ABC (%)
Berg Balance Scale

SD Range
11.0 34–82
10.4 <1–47
6.9 15.2–43.7
1.6
0–7
0.8
0–2
3.8
0–12
28.8
0–100
13.3
1–56

ABC = Activities-Specific Balance Confidence, SD = standard deviation.

Younger age and more years since amputation had significant bivariate correlations but were only weakly correlated with higher prosthetic use scores. Every BBS task,
except BBS 3 (sitting-unsupported), was correlated with
prosthetic use for mobility with rho values ranging from
0.39 to 0.78, with BBS 11 (turning 360°) and 12 (placing
alternate foot on stool) demonstrating the strongest correlations with rho values exceeding that of the total BBS
score. None of the BBS tasks correlated with each other
or the total BBS score with coefficients > 0.90.
Linear Regression
After the initial nine-variable model was reduced, the
final model (p < 0.001) included three variables and
explained 63.7 percent of the variance in prosthetic use
for mobility. Balance ability and balance confidence both
remained significant independent variables in the model
(see Table 3). When the individual BBS tasks were substituted for the total BBS score in the regression analysis,
the resulting final model explained 68.3 percent of the
variance in Houghton scale score (p < 0.001) with only
two variables: self-reported ABC score and performance
on BBS 11 (turning 360°).

Table 3.
Linear regression model for prosthetic function.
Unstandardized CI 95%
Variable
B
of B
BBS
0.13
0.04–0.22
ABC
0.05
0.01–0.10
Years Since Amputation
0.05
0.01–0.16

SE

p-Value

0.047
0.022
0.035

0.01
0.03
0.07

ABC = Activities-Specific Confidence scale, BBS = Berg Balance Scale, CI =
confidence interval, SE = standard error.

Logistic Regression
Logistic regression using patient and clinical information determined whether subjects had a satisfactory or
unsatisfactory level of prosthetic use, using the suggested
Houghton scale cut-off score of 9 [19]. The multivariate
logistic regression model (p < 0.001) correctly differentiated between satisfactory and unsatisfactory prosthetic
use for 89.1 percent of the subjects with all five variables
significantly contributing (Table 4). Receiver operating
curves identified three variables that demonstrated moderate accuracy with AUC values >0.70 [28]. The BBS AUC
was 0.83 with a cut-off score of 46, such that a score 46
indicated satisfactory prosthetic use with 81.8 percent
sensitivity, 75.5 percent specificity, and a +LR of 3.27.
The AUC value for ABC was 0.84 with a cut-off score of
77.1 and +LR of 4.35. Years since amputation had AUC
of 0.74 and a cut-off score of 2.5 yr with a +LR of 2.34.
Age and number of comorbidities had nonsignificant
receiver operating curves (p > 0.05). (Table 4).
When individual BBS tasks were entered into the
multivariate analysis in place of the total BBS score, age
and years since amputation were not retained in the final
logistic regression model that classified 87.0 percent of
the cases correctly as having satisfactory or unsatisfactory

Table 4.
Logistic regression model for satisfactory prosthetic function (89.1%).

Variable
BBS
ABC
Years Since Amputation
Age
Number of Comorbidities

OR
1.21
1.12
1.21
1.21
3.46

95% CI OR
1.01–1.46
1.02–1.24
0.99–1.49
1.03–1.42
1.22–9.78

SE
0.10
0.05
0.11
0.08
0.53

p-Value
0.02
0.01
0.01
0.03
0.02

AUC
0.83
0.84
0.72
0.44
0.47

95% CI
0.72–0.95
0.73–0.96
0.57–0.87
0.27–0.61
0.30–0.65

Sn
81.8
72.7
68.2
—
—

Sp
75.0
83.3
70.8
—
—

+LR
3.27
4.35
2.34
—
—

+LR = positive likelihood ratio, ABC = Activities-Specific Confidence scale, AUC = area under the curve, BBS = Berg Balance Scale, CI = confidence interval,
OR = odds ratio, SE = standard error, Sn = sensitivity, Sp = specificity.
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prosthetic use (p < 0.001). The final model combined
BBS 9 (retrieving object from floor), BBS 10 (turning to
look behind), BBS 12 (placing alternate foot on stool),
ABC, and number of comorbidities (Table 5). Receiver
operating curves (Figure) revealed a cut-off score of 4 for
each BBS item with +LR ranging from 2.18 to 5.46, and a
77.1 ABC score with +LR of 4.35 [28]. The AUC curves
revealed high accuracy for the ABC and BBS 12 scores
and moderate accuracy for the BBS 9–10 scores. (Table
5) Number of comorbidities had nonsignificant receiver
operating curves (p > 0.05)
Subgroup Comparisons
Comparisons between people with satisfactory and
unsatisfactory prosthetic use suggested the dichotomous
subgroups were significantly different. Fisher exact test
(p = 0.05) suggested a trend toward vascular etiology
being associated with less than satisfactory levels of
prosthetic use. No significant differences were found for
sex, amputation level, or unilateral versus bilateral amputations. Subjects in the satisfactory prosthetic use group
had significantly more years since amputation and higher
ABC and BBS scores than subjects with Houghton scores
<9 (Table 6). No significant difference was found in any
variables between men and women or transtibial and
transfemoral amputation levels.

DISCUSSION
This study analyzed the multivariate relationship among
balance ability (BBS), balance confidence (ABC), and other
individual characteristics potentially relevant to prosthetic
use for mobility in people with lower-limb loss. While pre-

vious research had revealed a relationship between balance
confidence and prosthetic functional use, no performancebased balance ability measure was included [16]. Since both
self-confidence and the physical ability to maintain balance
in functional activities may be important to prosthetic function, it is important to include both physical balance ability
and subjective confidence together within multivariate
analyses. The hypothesis that balance ability would be an
important variable in a model for prosthetic use was confirmed in several ways through multivariate linear and logistic regression and bivariate correlations.
Both balance ability and balance confidence along
with years since amputation remained in the linear regression model for prosthetic use after controlling for age,
amputation etiology and level, number of amputated limbs
and comorbidities, and body mass index. Balance ability
and self-reported subjective balance confidence were the
most strongly correlated with prosthetic use for mobility in
the bivariate analysis. Some subjects with low balance
ability who primarily used a wheelchair for mobility
reported high confidence even in performing standing and
walking activities, potentially reflecting an overestimation
of their ability. Others with low ability may have lost confidence after finding their actual function limited. Because
the ability to function with a prosthesis requires the actual
physical ability to both balance and walk [29], analyzing
the roles of balance ability and confidence in prosthetic
function was critical.
Analysis with individual BBS tasks may provide useful information regarding satisfactory prosthetic use for
mobility since BBS tasks range in difficulty and may not
be equally influential [4]. In this study, two individual
task scores had higher correlations with the Houghton
score than the total BBS score. When individual tasks

Table 5.
Potential screening method for satisfactory prosthetic function.

Variable
BBS 9: Retrieving Object
from Floor
BBS 10: Turning to Look
Behind
BBS 12: Placing Alternate
Foot on Stool
ABC
Number of Comorbidities

OR
7.05

95% CI OR
1.43–34.72

SE
0.81

p-Value
0.012

AUC
0.77

95% CI
0.63–0.91

Sn
81.8

Sp
66.7

+LR
2.46

0.04

0.00–0.90

1.60

0.016

0.74

0.59–0.88

81.8

62.5

2.18

3.18

0.82–12.40

0.69

0.020

0.88

0.77–0.98

68.2

87.5

5.46

1.14
3.63

1.00–1.31
1.02–12.94

0.07
0.65

0.016
0.028

0.84
0.47

0.73–0.96
0.30–0.65

72.7
—

83.3
—

4.35
—

+LR = positive likelihood ratio, ABC = Activities-Specific Confidence scale, AUC = area under the curve, BBS = Berg Balance Scale, CI = confidence interval,
OR = odds ratio, SE = standard error, Sn = sensitivity, Sp = specificity.
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Figure.
Receiver operating curves (ROC) for screening variables in
logistic regression model for successful or unsuccessful prosthetic function. Note: Diagonal segments are produced by ties.
ABC = Activities-Specific Balance Confidence scale, BBS =
Berg Balance Scale, NumCoMorb = number of comorbidities.

were substituted for the total BBS score, the linear
regression model explained 68.3 percent of the variance
in Houghton score with only two items: ABC and BBS
11. Turning 360° (BBS 11) has been identified as one of
the most difficult BBS tasks [4] and correlated most

highly with both the Houghton and total BBS scores in
this study. The results of the multivariate linear regression analysis suggest that balance confidence was important to encourage an individual to attempt to use the
prosthesis in his or her environment and community
while physical balance ability was an important factor in
actually performing those functions.
Determining which variables contribute most to a satisfactory level of prosthetic use for mobility, defined by
Houghton scores 9 [19], may help identify individuals
with lower-limb loss who could benefit from further care.
In the logistic regression model differentiating between
people with satisfactory and unsatisfactory prosthetic use,
balance ability was an important variable (Table 4). The
total BBS score and years since amputation demonstrated
the highest odds ratio, indicating that for every unit
increase in BBS score and years since amputation there
was a 21 percent increase in the odds of being satisfactory
in prosthetic use. The ABC score odds ratio indicated a
12 percent increase in the odds of being satisfactory in
prosthetic use for every unit increase in ABC. The cut-off
ABC score of 77 percent, which exceeded the average
70 percent for community-dwelling people with lowerlimb loss [30] and approached the normal level for nondisabled elderly [23], was the most accurate discriminator
between satisfactory and unsatisfactory prosthetic use for
mobility. The cut-off total BBS score was similar to the 46
identified previously as a reasonable cut-off score for identifying elderly people at risk to fall [31].

Table 6.
Comparing group means between satisfactory (Houghton score  9) and unsatisfactory (Houghton score < 9) prosthetic users.

Variable
Age
Body Mass Index
Number of Comorbidities
Years Since Amputation
ABC Total Score
BBS Total Score
BBS 7: Standing feet together
BBS 9: Retrieving object from floor
BBS 10: Turning to look behind
BBS 11: Turning 360°
BBS 12: Placing alternate foot on stool

Successful Prosthetic Users,
n = 24, Mean ± SD
54.9 ± 11.8
26.7 ± 5.5
1.6 ± 1.6
10.2 ± 13.6
83.1 ± 16.0
50.6 ± 6.6
3.7 ± 0.9
3.7 ± 0.9
3.7 ± 0.6
3.6 ± 0.8
3.6 ± 0.8

Unsuccessful Prosthetic Users,
n = 16, Mean ± SD
57.5 ± 10.4
29.1 ± 7.9
1.6 ± 1.6
3.5 ± 4.7
48.6 ± 28.2
36.0 ± 14.1
2.8 ± 1.5
1.8 ± 1.8
2.7 ± 1.3
1.4 ± 1.5
1.3 ± 1.5

Note: Separate BBS tasks that correlate with Houghton score (rho > 0.6) presented.
ABC = Activities-Specific Balance Confidence scale, BBS = Berg Balance Scale, SD = standard deviation.

p-Value
>0.05
>0.05
>0.05
0.04
<0.01
<0.01
0.02
<0.01
0.02
<0.01
<0.01
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Analyzing separate BBS tasks in place of the total
BBS score, an approach taken in people with stroke [32],
was helpful in identifying a screening method to classify
people as achieving a satisfactory or unsatisfactory level
of prosthetic use for mobility. All separate BBS tasks
except for BBS 3 (sitting with back unsupported) were
significantly correlated with prosthetic use. Spearman
correlation coefficients for BBS 11 (turning 360°) and
BBS 12 (placing alternate foot on step) were more highly
correlated with prosthetic use than the total BBS score.
BBS 11 alone combined with ABC in the linear regression model explained more of the Houghton score than
the model including the total BBS score, ABC, and years
since amputation. Perhaps more revealing was the logistic regression model that correctly differentiated between
satisfactory and unsatisfactory prosthetic use in 87.0 percent of the cases with a model that included three BBS
tasks, ABC, and number of comorbidities (Table 5).
Except for number of comorbidities, each variable in this
model had +LRs > 2.0 with scores of 4 on the aboveaverage difficulty tasks (BBS 9 and BBS 10), and the difficult BBS 12 task had a 318 percent greater likelihood of
satisfactory prosthetic use for mobility. The ABC score
contributed 14 percent greater likelihood of differentiating between satisfactory and unsatisfactory prosthetic use
(Table 5). Combining three simple balance tasks, a selfreport completed in a clinic waiting room, and the number of comorbidities obtained from the medical record,
has potential as a clinical screening tool to identify people with lower-limb loss who have not yet achieved satisfactory prosthetic use and may benefit from further
rehabilitation to enhance their mobility.
Analysis of the specific BBS tasks may shed insight
into their importance. BBS 12 (placing alternate foot on
step) requires cyclical weight bearing and most closely
simulates walking, and it has been repeatedly reported as
among the more difficult BBS tasks to perform [4,33].
Walking tasks such as the two-minute walk test have
strongly correlated with prosthetic function [9,29] but
require time and space to assess, which can prove difficult
in a clinic office. BBS 12 may be a useful shortcut to
quickly determine prosthetic use for mobility and establish
a prognosis that could include referral for additional rehabilitation. BBS 12 has been documented to be among the
hardest tasks for people with lower-limb loss [4] and is
appropriately a mainstay of prosthetic rehabilitation [10].
BBS 9 (retrieving object from floor) and BBS 10 (turning
to look behind) have been shown to be above-average dif-

ficulty tasks [4]. Both confound to a degree the visual and
vestibular systems, the primary systems of balance [34]. In
addition, common strategies for retrieving objects from the
floor involve bending from the waist, which requires gluteal strength, or bending at the knee, which requires quadriceps strength—both muscles significantly weakened
after lower-limb amputation. Turning to look behind
requires weight shifting onto each leg and transverse plane
rotation not typically provided in prosthetic components.
Including visual and vestibular confounding in a multisystem approach to improve balance [35] is recommended to
encourage development of the proprioceptive system contribution to balance [36], particularly in the rehabilitation
of people with lower-limb loss who adaptively place more
weight bearing on one leg [37]. Notably, BBS 14 (standing
on one leg) was not an independent variable for prosthetic
success in this study. Even low functioning people with
limb loss may stand on their intact leg reasonably well
because of frequent practice, which may explain why stand
on one leg was not found to be one of the three most difficult balance tasks [4]. Standing on the intact leg may produce false negatives when used as a clinical test, especially
if investigated without exploring multivariate relationships
among other balance tasks of particular difficulty to people
with lower-limb loss.
Further prospective research is required to determine
whether these models for prosthetic use for mobility can
predict future prosthetic use in other populations with
lower-limb loss, whether using the BBS total score or specific tasks. In addition, a Houghton classification of satisfactory prosthetic use may best describe the outcome after
initial prosthetic rehabilitation. While people with lowerlimb loss completing inpatient rehabilitation reported better
physical outcomes than those discharged home or to a skillnursing facility [38], home discharges have increased as
hospital lengths-of-stay have decreased [39]. A satisfactory
level of prosthetic use on the self-report Houghton scale
can be obtained easily in a variety of settings but should not
be construed as representing optimal use. For instance,
most high performing servicemembers with lower-limb
loss, who would score at the top of the Houghton scale, did
not yet perform at the ability of their nondisabled peers
[40]. Regardless, obtaining prognostic information about a
person’s ability to use his or her prosthesis for mobility
with easily accessible medical history data, a self-report
scale completed in a clinic waiting room, and physical
assessment of three simple physical tasks is an important
development.
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Limitations
It should be noted that the regression models derived
from this cross-sectional study should not be interpreted as
prognostic. Future prospective studies should be performed
to determine whether the multivariate models have the
power to predict future prosthetic use for mobility.
Although the sample size was determined sufficient a priori, the small sample size remains a primary weakness of
this study. A larger sample would have allowed analysis of
more variables, such as sex, residual limb or generalized
pain, height, and weight, or more subjects per variable to be
included in the analysis. For the population of people with
lower-limb amputation, within which there can be numerous subgroupings of amputation number, level, and etiology, a larger number of subjects per variable could have
been an advantage. Other limitations included (1) using
self-reported height and weight to calculate body mass
index without adjustment for the amputated limb; (2) possible Houghton scale ceiling effects that could limit measurement of the highest functioning individuals [21–22],
although this would not influence differentiation between
satisfactory and unsatisfactory prosthetic use; (3) lack of
specific information about the subjects’ initial prosthetic
training; and (4) lack of clinical measures that contribute to
balance ability, such as range of motion, strength, and proprioception. Analysis using individual BBS tasks should be
interpreted with caution because the BBS tasks were
included as variables only after the final model had been
determined to include the total BBS scores. To include the
individual tasks at the start of the process would have
exceeded the number of variables recommended for the
number of subjects in the study.

CONCLUSIONS
Balance ability has been noted to be the most important factor in the gait of people with lower-limb loss [1],
and the results of this study confirmed that balance ability
was a significant independent variable of prosthetic use for
mobility. People with lower-limb loss who have achieved a
satisfactory or unsatisfactory level of prosthetic use can be
identified by a model including balance ability, balance
confidence, years since amputation, age, and number of
comorbidities that correctly classified over 89 percent of
the subjects with moderate predictive accuracy. Increased
balance ability, particularly when turning to look behind,
retrieving object from floor, and stepping to place alternat-

ing feet on a stool, were most indicative of satisfactory
prosthetic use. Further prospective longitudinal research is
needed to determine whether screening people with these
three balance tasks combined with the self-report ABC and
numbers of comorbidities will facilitate the identification
of people with lower-limb loss who have yet to achieve a
level of satisfactory prosthetic use and may benefit from
additional care.
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