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Abstract
Background: Backward walking has been found to be a more sensitive measure to detect fallers than
forward walking. It involves greater reliance on neuromuscular control to make up for the lack of vision. In
fact, backward walking speed has been determined to more accurately identify fallers in the older population
than forward walking. This study examined if backward walking measures more than one underlying factor
while also examining the relationship between it and other clinical measures used to identify falls risk.
Methods: A convenience sample of 57 older adults (10 males and 47 females) with a mean age of 78.8 years
(SD 8.9 years) participated in this cross-sectional study. Subjects walked backward on the GAITRite®
computerized walkway system recording gait velocity, stride and step length, stance and swing time, single
and double support. Additionally, subjects were tested on clinical measures commonly used to assess falls
risk which included the Timed up and go test, Four square step test, Activity-specific balance confidence
scale, single heel rise test and the 30-second chair stand test. An exploratory factor analysis with Maximum
Likelihood extraction and Varimax rotation was performed on various aspects of backward walking. The
relationship between the backwards walking factor scores and selected clinical measures was tested using
Spearman correlations and regression.
Results: Results revealed that there are two factors associated with backward walking: cadence and
velocity. Cadence was only mildly correlated to 30-second chair stand test, r=0.29; whereas velocity was
highly correlated with each of the known predictors of falls used, all r>0.44.
Conclusion: Given theses findings, a clinician could quickly measure backward walking velocity and count
the number of steps an individual takes in order to screen those at-risk for falls.
Keywords: Falls, gait, backward walking, older adults, balance, balance confidence

Introduction

Falls are the number one cause of injury, fractures, and death
among the older population [1]. In fact, one third of adults over
the age of 60 will experience one or more falls annually. There
are older adults who are so fearful of falling they stop being
physically active whether or not they have actually fallen [2].

It is widely known that this activity limitation is largely due
to a loss of confidence in their ability to perform common
functional activities [3].
A recent study proposed the use of backward walking
as a clinical measure of mobility in the older population [4].
Compared to younger adults, older adults have demonstrated
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decreased velocity and stride length, and increased gait
variability during both forward and backward walking [4,5].
However, according to Fritz et al, backward walking speed
has been found to more accurately identify elderly fallers
than forwarding walking speed [4]. In fact, all the fallers in
this study by Fritz et al had a backward walking speed of less
than 0.6 m/s [4].
Although the cause of falls is multifactorial, lower extremity
weakness and decreased balance are two significant factors
associated with falls in the older population [2,6,7]. Older
adults tend to fall while performing mobility tasks such as
moving from sit to stand or walking especially when the individual needs to move backwards in order to navigate around
tight spaces [8]. Backward stepping and walking require a
greater reliance on neuromuscular control, proprioception,
and protective reflexes because of the lack of visual cues [9].
This could be one of the reasons for backward walking being
a more sensitive measure in detecting fallers compared to
forward walking [4,5].
When evaluating gait performance several spatiotemporal
gait measures are used such as gait speed, cadence, stance
and swing time, and time in double versus single support.
Since gait is considered multidimensional, it is of interest
to evaluate the underlying constructs of walking ability. A
previous study has reported that forward walking consists of
three components that accounted for 87% of the variability
in spatiotemporal parameters [10]. These components were
considered to measure pace, rhythm and variability. Since
backward walking has been found to be more sensitive to
detect fallers [4,5], it is of interest to evaluate if backward
walking has similar constructs or if there are additional factors that explains the variability in performance.
To our knowledge, there are no studies that have examined the underlying constructs of backward walking and the
relationship between backward walking and other measures
relating to falls such as lower extremity and calf muscle
strength, balance, and walking. Therefore, the aims of this
study were 1) to evaluate if backward walking measures
more than one underlying factor and 2) to determine the
relationship between backward walking and other clinical
measures used to identify falls risk such as the Timed up and
go, Four square step test, Activity-specific balance confidence
scale, Single heel rise test and the 30-second chair stand test.
We hypothesized that backward walking would consist of
multiple factors and that these factors would be connected
to the clinical falls outcome measures.

ProtoKinetics Movement Analysis Software, PKMAS, (ProtoKinetics, LLC, Havertown, PA) was used to collect footfall
data and compute spatiotemporal gait measures using an
instrumented walkway, GAITRite® Mat(CIR Systems, Franklin,
NJ). The walkway consists of a 61 x 366 cm carpet embedded
with pressure sensors. Spatiotemporal gait measures collected on GAITRite® walkways have been found to be valid
and reliable in the elderly [14-16].
Participants walked forward at a comfortable pace for 3
trials (down and back) on the 12-foot computerized walkway
in order to familiarize themselves with the carpet. Then they
walked backward on the walkway for 1 trial, which included
no fewer than 10 strides. Hollman et al found that data collected from 10-20 strides on the GAITRite®was found to be
a reliable method for measuring velocity and cadence [17].
All participants were instructed to walk 2 meters before and
after the walkway to allow for acceleration and deceleration.
All trials were completed without an assistive device while
wearing a gait belt and guarded by one member from the
research team. The variables analyzed during the backward
walking gait cycle included: gait speed (m/s), cadence (steps/
min), average step and stride length (cm), stance and swing
time (sec), single support (% of the gait cycle), double support (% of the gait cycle).

Materials and methodology

Timed Up and Go test (TUG)

Subjects

This cross-sectional study included a sample of convenience
of 57 older adults (10 males and 47 females). The mean age
of the participants was 78.8 years (SD 8.9 years). Mean height
was calculated at 161cm (SD 9.3) and mean body weight was
73.1kg (SD 18.1). Participants were recruited from two senior

centers and one local church. All participants were community dwelling older adults, and were able to ambulate with
or without an assistive device and demonstrated an ability to
follow multi-step directions. The Institutional Review Board of
University of the Sciences approved this study. All participants
were consented prior to participation.
As researchers, we were interested in evaluating the relationship between BW and commonly used clinical measures
that we believe are directly related to BW. In the literature
it is described that falls risk is related to lower extremity
strength, balance, general mobility and fear [11-13]. For this
study, we chose one standard clinical test as representative
of each domain for evaluating the relationship with BW. The
participants were therefore tested on the following outcome
measures along with the BW task: Timed up and go (TUG)
test for mobility, Four Square Step test (FSST) for dynamic
balance, Activity-Specific Balance Confidence Scale (ABC)
for balance confidence, the Single-leg Heel Rise test for calf
muscle strength and 30-second Chair Stand test for lower
extremity strength.

Backward Walking

The Timed Up and Go test (TUG) is a standardized outcome
measure used to assess mobility in older adults [18]. The test
involves timing participants while they stand from being
seated in a chair, stand up, walk 3 meters, turn around, walk
back 3 meters and sit down. This test was performed 3 times
after which the average of the three trials (in seconds) was
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calculated and used for analysis. Community-dwelling older
adults should be able to perform the TUG in less than 12 seconds [19]. According to Bohannon [20] individuals between the
ages of 70-79 years, the mean age of this study’s participants,
should be able to perform the TUG in 9.2 seconds. The TUG
was originally developed as a clinical measure to assess balance in the elderly and it has shown to have excellent inter
and intra-rater reliability. The intra-class correlation coefficient
(ICC) has been reported to be >0.95 [8].

doi: 10.7243/2055-2386-4-14
as the height of each heel-rise were collected, and the total
work (the body weight x total distance) in joules was used
for data analysis. The mean of the left and right side heel-rise
work was used for data analysis. This test has been shown to
have good reliability (ICC 0.78-0.84) [25,27].

The 30-Second Chair Stand Test (30-sCST)

This test provides insight into a person’s lower body strength
and endurance [28]. It links strength findings to the ability to
perform everyday tasks such as climbing stairs, getting in and
The Four Square Step Test (FSST)
out of a vehicle or a bathtub [29]. To perform this test, subjects
Four Square Step test is a measure of dynamic balance that were seated in a chair without arm rests. The height of the
assesses the person’s ability to step over objects forward, seat was 17 inches from the floor. They were asked to stand up
sideways, and backwards. Patient steps over four one inch and sit down as many times as they could in 30 seconds. The
pieces of PVC pipe set-up like a cross on the floor [21].
number of times that they could stand up was then recorded.
Community-dwelling older adults should be able to perform This test has been shown to have excellent reliability with an
the FSST in less than 18 seconds [19]. This test has shown to ICC of 0.84 for males and 0.92 for females [28].
have excellent inter -rater and test-retest reliability. The intraclass correlation coefficient (ICC) have been reported to be Data analysis
0.99 and 0.98 respectively [21].
Descriptive data are reported as mean, standard deviation
(SD) and range (minimum and maximum). An Exploratory
The Activity Balance Confidence Scale (ABCS)
Factor Analysis (EFA) was performed using Maximum LikeliThe Activities-Specific Balance Confidence Scale (ABC Scale) hood extraction and Varimax rotation on various aspects of
is a 16-item self-report survey assessing the confidence a backwards walking: including: velocity, cadence, stance time,
patient has in their balance during certain activities [22]. The swing time, single support, double support, average stride
patient rates their confidence on a scale of 0% (no confidence) length and average step length. To make sure the correct
to 100% (complete confidence) for each item. Age, as well number of factors were extracted visual analysis of a scree
as education level is factored into evaluating the data from plot was used in conjunction with a parallel analysis and fit
the survey. The less confidence a patient has, the lower their indices were examined. Lastly, to make sure the factors that
scores will be on the survey, and they will have a higher risk were extracted have real world meaning factor scores were
for falls. The results also show that a higher percentage is found and then correlated with commonly used clinical
correlated to being a more mobile, active, and functional outcome measures including heel-rise work, TUG, 30-second
person. This tool has excellent internal consistency with a CST, ABC, and FSST test. Alpha of .05 was used for all analyses.
Cronbach alpha of 0.95 [23].

Single-leg Heel Rise test

Results

The mean, standard deviation and range of scores on the
clinical outcome measures are presented in Tables 1 and 2

The muscular endurance test is a standing heel-rise test that
has previously been evaluated for reliability [24–26]. The
MuscleLab® (Ergotest Technology) measurement system Table 1. Results on the clinical outcome measures.
was used for the evaluation. A linear encoder, that uses a Outcomemeasure
Mean (SD), Range
n=57
(min-max)
spring-loaded string connected to a sensor inside the unit,
is used with the string attached to the heel. When the string TUG(sec)
11.51 (3.73)
6-24.09
is pulled the sensor outputs a series of digital pulses that are FSST (sec)
13.42 (4.72)
7.55-32.58
proportional to the distance travelled. The heel-rise test is ABC (%)
78.17 (14.85) 35-99.38
performed on one leg at a time with the participant standing 30-sCST (reps)
11.17 (3.47)
2-23
on a box with an incline of 10°. For balance the participants Right heelrise reps
17.9 (13.6),
0-55
were allowed to place the hand, at shoulder height, against the Left heel-rise reps
18.5 (13.4)
0-69
wall. The participant was instructed to go as high as possible Combined heel-rise reps
18.2 (12.5)
0-60
on each heel-rise and was asked to perform as many heel- Right heel-rise work (joule)
700.3 (583.6) 0-2190
rises as possible. The test was terminated when the patient Left heel-rise work (joule)
762.4 (693.2) 0-2637
stopped, or could not perform a proper heel-rise. The height Combined heel-rise work (joule) 731.3 (599.3) 0-2413
of the heel-rise (the distance moved superiorly by the heel
TUG: Timed Up and Go test; FFST Four Square Step test;
in reference to the box) had to be a minimum of 2 cm to be ABC: the Activity-Specific Balance Confidence Scale; 30-sCST:
counted as one repetition. The numbers of heel-rises as well The 30-second Chair Stand test
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Table 2. Results from the backward walking using GAITRite®
mat and PKMAS software.
Backward walking variables Mean (SD)
n=58
Velocity (sec)
46.6 (19.87)
Cadence (steps/min)
101.82 (16.81)
Stance time (sec)
0.88 (0.16)
Swing time (sec)
0.33 (0.06)
Double support (%)
44.64 (7.84)
Single support (%)
27.7 (3.91)
Average stride length (cm)
54.8 (21)
Average step length (cm)
27.3 (10.5)

Range (min-max)
8.45-89.99
66.16-154.94
0.55-1.42
0.21-0.05
31.72-61.31
19.38-34.22
11.7-95
5.8-47.5

SD: Standard deviation

includes the mean, standard deviation and range of scores
of the backward walking gait variables.

Exploratory Factor Analysis

An EFA was performed on measures of backwards walking:
velocity, cadence, stance time, swing time, single support,
double support, average stride length and average step length.
All assumptions were tested: no missing data, multicollinearity,
linearity, multivariate normality, no outliers, and factorability.
There was multi-collinearity among the eight initial measures,
double and single support were almost perfectly correlated,
r =-0.99, as were stride and step length, r=0.99, lastly velocity
was highly correlated with stride and step length, both r=0.94.
Due to this, stride and step length were removed as well as
single support. Secondly, due to multivariate non-normality,
as tested by Mardia’s tests of Skewness and Kurtosis, the EFA
was performed on the Spearman Correlation Matrix. To find
the appropriate number of factors, a Principal Component
Analysis (PCA) with scree plot, Parallel Analysis were performed,
and fit indices were examined. The PCA suggested, examining the scree plot, and considering Eigen Values greater than
one suggested that two factors be extracted. The two factors
extracted accounted for 94.5% of the variance, the parallel
analysis resulted in the same conclusion [30]. The Kaiser-MeyerOlkin value was 0.62 (above the recommend .5) and Bartlett’s
test was significant, p<0.001. Lastly, the factor correlation
matrix was examined to see if an oblique rotation would
be needed, but factors were only weakly correlated r=0.20.
Maximum Likelihood extraction with a Varimax rotation
was used [31]. The first factor included cadence, stance time,
and swing time. The second factor included velocity, double
support, swing time and stance time. Both swing and stance
time were ‘complex’ measures, loading on both factors (see
Factor Loadings in Table 3). Factor scores were calculated using the Regression Method after standardizing the variables.
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Table 3. Factor Loadings.
Variable
Factor 1 Factor 2
Cadence
Stance Time
Swing Time
Double Support
Velocity

-0.983
0.874
0.728
---

--0.456
0.583
0.990
0.820

heel-rise work, TUG, 30-sec chair stand test, ABC, and FSST.
Factor 1 was not correlated with any of the outcomes (all
p>0.05), whereas Factor 2 was significantly correlated with
all outcomes (all p<0.05), (Table 4). To make the results more
meaningful for clinicians a representative measure from each
factor was chosen to illustrate meaning, cadence for the first
factor and velocity for the second.
Additionally, regression analyses were used to predict each
of the outcomes using both cadence and velocity. Velocity
was a significant predictor for each outcome after adjusting
for cadence (Table 5), identical results were obtained when
factor scores were used.

Discussion

Falls in older adults often occur when they are moving backwards [8]. As a result, we felt that this study that examines the
underlying constructs of backward walking and the relationship between them would provide valuable information for
physical therapists. The factor analysis revealed that there
were 2 factors associated with backward walking: 1) cadence
and 2) velocity. The first factor included cadence, stance time,
and swing time while the second factor included velocity,
double support, swing time and stance time. To determine
if the factors had clinical meaning, we alsoexamined the relationship between the factors and commonly used clinical
outcome measures that included TUG, 30-second Chair Stand
test, FSST, ABC Scale, and Heel Rise Work.
Cadence was only mildly correlated with the 30-second
Chair Stand test, a gross measure of lower extremity strength
and endurance. This suggests that there may be other explanations for increased cadence among older adults during BW.
Laufer [5] found that when older adults attempt to increase
their velocity during backward walking, they are only able to
increase cadence not stride length. While possible explanations for this might include lack of hip and trunk extension
range of motion as well as age-related declines in calf muscle
strength, further study is needed to explain these findings [32].
Backward walking velocity was highly correlated [33] with
the selected clinical measures suggesting that components
of each measure are included in the act of backward walking.
These components included lower extremity strength, neuromuscular control (proprioception, vestibular system, and
Relationship with Outcomes
reaction time) and balance confidence. An individual’s fear
To make sure the factors were meaningful in a real world set- of falling and balance confidence might have a significant
ting, the factor scores were correlated with the five outcomes: impact on BW velocity since they lack the visual cues they
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Table 4. Correlation between clinical outcomes and the factors.
Spearman’s rho Factor 1

p

Factor 2 p

Cadence

p

Velocity

P

HR_work

-.10

0.44

.45

< .001

.17

.212

.44

.001

TUG

.13

0.32

-.72

< .001

-.23

.081

-.76

< .001

30-sCST

-.21

0.11

.61

< .001

.29

.028

.60

< .001

ABC

-.08

0.57

.60

< .001

.17

.208

.60

< .001

FSST

.01

0.92

-.65

< .001

-.12

.367

-.64

< .001

HR work: Heel rise work; TUG: Timed Up and Go test; 30-sCST: The 30-second Chair Stand test;
ABC: Activity-Specific Balance Confidence Scale; FFST Four Square Step test
Table 5. Results from regression analyses to predict outcome.
HR work

Velocity

b
Std. Error t
14.25 3.99
3.58

Sig.
.001

Cadence -2.42 4.71

-0.51

.61

Velocity

.02

-6.85

< .001

Cadence .02

.02

1.02

.313

Chair Stand Test Velocity .09
Cadence .01

.02
.03

4.20
0.36

< .001
.718

ABC

.09

4.80

< .001

Cadence -.09

.11

-0.80

.428

Velocity

.03

-5.97

< .001

.03

1.58

.119

TUG

FSST

Velocity

-.14

.44
-.16

Cadence .05

HR work: Heel rise work; TUG: Timed Up and Go test; 30-sCST:
The 30-second Chair Stand test;ABC: Activity-Specific Balance
Confidence Scale; FFST Four Square Step test

rely on during forward walking. The absence of vision during
backward walking places higher demands on already age
impaired sensorimotor function [34]. This can result in the
older adult taking shorter strides and using a slower velocity
as they try to minimize the feeling of falling [4,35,36]. Other
explanations for decreased backward walking velocity include
lower extremity muscle weakness, hip flexion contractures
and generalized deconditioning all of which are common in
the older population.
Verghese et al performed a factor analysis of forward walking and also found that velocity and cadence were related to
two different factors. In their study, only the cadence factor
(termed rhythm factor) was associated with global cognitive
decline. In our study, we found that only the velocity factor
was correlated with our clinical outcome measures but none
of our outcomes related to cognitive ability. Further research
is needed to determine if in backward walking the cadence
factor is also related to cognitive ability or other clinical
measures not evaluated in this study.
Our results agree with previous studies that have examined
spatiotemporal changes, specifically velocity, that during
BW in the older population velocity is significantly reduced
as compared to younger individuals [4,5]. Additionally, we

found that backward walking velocity was highly correlated
[33] with known predictors of falling- TUG, FSST, ABC, and HRT
suggesting that BW velocity could be used to identify those
at risk for falls. Based on this information, a clinician could
quickly measure backward walking velocity and count the
number of steps an individual takes in order to help screen
those who may be at-risk for falls. The findings from this
screening would then substantiate a more in depth assessment using some of the above-mentioned clinical measures.
This study had a few limitations. The cross-sectional design
only allows for the assessment of the variables over a given
period of time. Although the sample size was somewhat small
it was diverse in age, ethnicity and activity level leading to
greater generalizability. Future studies should explore the
use of backward walking as an intervention to see if it would
have a beneficial effect on balance, strength, mobility and
balance confidence.

Conclusion

The results of this study support that there are convincing
relationships between backward walking velocity and commonly used clinical outcome measures to assess falls risk in
the older population. Based on these findings, a busy clini-
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cian may only need to assess BW velocity to screen those at
risk for falls.
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