Influence of a Walking Aid on Temporal and Spatial Parameters of Gait in Healthy Adults
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ABSTRACT
Objective: To determine the effect of using a walking aid on temporal and spatial parameters of gait when used for balance versus support on the dominant and non-dominant
hand side.
Design: Repeated measures observational study design.
Setting: University gymnasium.
Participants: Twenty-seven healthy male and female adults of mean (standard deviation) age 44.74±10.00 years.
Methods: Five walking conditions (C) were completed by all participants on the GAITRite pressure mat. Normal walking (C1), walking with a cane in the dominant hand
(C2) and non-dominant hand (C3) as if using for balance, walking with a cane in the dominant hand (C4) and non-dominant hand (C5) while allowing approximately 10% of
the body weight through the cane.
Main Outcome Measurements: Temporal measurements as a percentage of a gait cycle (swing time, stance time, single support time, double support time) and the base of
support for the left and the right foot for all 5 walking conditions.

Results: A significant difference (P < .001) was observed between C1, C2, and C3 in percentage swing time and percentage stance time on the ipsilateral side, and in
percentage single limb support for the contralateral side. The double limb support time was significantly different (P < .04) for both ipsilateral and contralateral sides.
Comparisons among C1, C4, and C5 demonstrated significance (P < .001) for all variables. Post hoc analysis showed Q1 significance between C1 and C4, C1 and C5 for all
variables except percentage stance time on the ipsilateral side and percentage single limb support on the contralateral side.
Conclusions: The use of walking aids for balance modifies the swing and stance parameters of the ipsilateral side and does not affect the base of support formed by the feet in
healthy adults. When used for support, walking aids alter the swing and stance parameters, and also the base of support formed by the feet.

INTRODUCTION
The prescription of mobility or walking aids is often necessary to provide support or to supplement balance [1]. A recent estimate indicates that 30.6 million people who live
in the United States have difficulty with mobility that requires use of a walking aid [2]. Walking aids may be used to increase balance ability, thereby increasing balance
confidence and decreasing frequency of falling [3]. However, when used as a support, they may reduce the weight loading on the affected limbs [4]. Generally, determination
of ipsilateral or contralateral use of a walking aid in clinical populations is based on factors such as the level and the side of most instability, pain, or weakness [5,6]; whereas,
when used for balance, the side of use may depend more on the individual’s preference [7]. For example, in people with unilateral hip pain or dysfunction,
a walking aid when held on the contralateral side and advanced along with the affected limb effectively offloads the affected hip [8,9] and also replicates a reciprocal walking
pattern. However, when used for balance, the side of use may depend on the convenience or hand preference of the individual [7,10,11].
Although walking aids are frequently used for different clinical populations [9,12,13], there is a lack of quantitative data on how they may influence gait. A few studies have
explored the impact of different types of walking aids on gait in healthy [14] and clinical population [13], and other studies that detailed the muscle activation patterns in
upper [15] and lower limbs [8,9]. However, the objective evidence of the effect of walking aids on key temporospatial gait parameters
is limited. The aim of this study was to determine the effect of using a walking aid on the temporal and spatial parameters of gait when used for balance versus support on the
dominant or non-dominant hand side.

METHODS
Participants
A convenience sample of male and female volunteers ages 18 years and older was recruited from the University staff
cohort. Selection was based on the self-declared ability to complete repeated 20-m walks without aids, within a short
period of time. Exclusion from the study was based on participants having a history of trauma to the lower limbs within the past year, a known balance disorder, or current
pain in any part of the body that could potentially affect walking. The study was approved by the School Ethics Committee, and all the participants provided written informed
consent before participation.

Equipment and Setting
The GAITRite Electronic walkway system was used to measure the gait parameters. The system includes a portable 8.8-m roll-up pressure mat and accompanying software,
version 4.0; the sampling frequency of the data was 120 Hz. Through a grid of pressure sensors, the system identifies the location and timing of each footfall and processes
the spatiotemporal parameters from these data. The GAITRite system has previously been used in both clinical [16] and nonclinical populations [17], and the measurements
have been reported to have acceptable psychometric properties in healthy adults [17,18]. For the purposes of this study, a height adjustable single-point aluminium cane was

used by all the participants when completing the walking tasks. Five walking tasks were used to selectively test the effects of the cane when used for support versus balance,
and when used in the dominant or non-dominant hand. The study was completed within a large gymnasium, which provided adequate space for use of the GAITRite system.

Tasks
Five different walking conditions (C) that were determined to be useful to address the aims of the study were
 Condition 1 (C1). Normal comfortable walking at self selected pace without any aids.
 Condition 2 (C2). Comfortable self-selected pace of walking while using a cane on the dominant hand side as if using for balance.
 Condition 3 (C3). Comfortable self-selected pace of walking while using a cane on the non-dominant hand side as if using for balance.
 Condition 4 (C4). Comfortable self-selected pace of walking while holding a cane on the dominant hand side and allowing approximately 10% of the body weight
through the cane.
 Condition 5 (C5). Comfortable self-selected pace of walking while holding a cane on the non-dominant hand side and allowing approximately 10% of the body
weight through the cane.
C2 and C3 were considered as balance conditions in which the cane was held and touched the ground in a reciprocal pattern without any weight transfer through the cane. C4
and C5 were determined as support conditions in which the cane was used as a supplement to transfer at least 10% of body weight through the cane.

Measurements
The measurements and their operational definitions are as follows; cadence (the number of steps/min), % swing time (the duration between the last contact of the current foot
fall and the first contact of the next footfall on the ipsilateral foot, expressed as percentage of gait cycle), % stance time (the time elapsed between the first and last contact of
the ipsilateral foot, expressed as percentage of gait cycle), % single support time (the time between the last contact of the current foot fall and the first contact of the next foot
fall of the ipsilateral foot, expressed as percentage of gait cycle), % double support time (the time when both feet were on the floor, which includes initial and terminal
double support periods; the double support time of the left foot is the summation of double support during heel strike and toe off of the left foot vice versa for the right foot,
expressed as percentage of gait cycle), and the base of support (the area of the ipsilateral foot and 1 foot fall of the contralateral foot, in cm). All the measurements except
cadence were estimated separately for the left foot and the right foot, and were averaged over all included foot falls in a trial.

Procedure
All the participants completed a questionnaire to obtain their demographic details and to determine their eligibility to participate in the study. The Edinburgh Handedness
Inventory was used to determine hand preference [19]. An Edinburgh Handedness Inventory score of ≥80 is determined to be right dominant, whereas a score of less than or
equal to -80 is determined to be left dominant, and scores between 80 and -80 are considered to be mixed-handed individuals [20]. For participants who demonstrated mixed
handedness, the hand used for writing activity was considered as the dominant side. Foot dominance was determined by using the Otago Footedness Inventory [21]. The
participants completed at least 1 practice trial and 3 actual trials for each of the conditions in a random order determined for each participant before commencement of the
study. Practice trials were given as appropriate to accustom the participants to the task. For walking conditions that involved the cane (C2 to C5), all the participants were
trained and encouraged to replicate a reciprocal upper and lower limb movement pattern. All the participants completed the trials while wearing a pair of trainers or an
equivalent comfortable foot wear. For C4 and C5, the participants were trained to load the cane with 10% of their body weight when standing. A weighing scale was used to
provide visual feedback during the training. After training, the participants were tested on their ability to independently reproduce 10% loading without the use of feedback
before undertaking C4 and C5. While undertaking C4 and C5, the participants were encouraged to reproduce the loading on the cane as practiced while standing

Data Processing
The software application that accompanies the GAITRite system was used to process and determine the outcome measurements. The sensor activation due to the pressure
through the cane was removed manually for each trial. The
sensor activation due to foot falls were retained for the estimation of the temporal and spatial measurements. Each
trial consisted of at least 8 foot falls. The average of all right foot falls and the average of all left foot falls of each trial were taken as the summary measurement of the right
foot and left foot, respectively.

Data Analysis
The mean of 3 trials of each condition was determined and retained for further analysis. For the conditions for using a
cane, each of the left and right side measurements were categorized as the side ipsilateral and contralateral to the cane. A 1-way repeated measures analysis of variance was
used to determine the statistical significance between normal comfortable walking and use of the cane on the dominant side and on the non-dominant side in 2 cane
conditions (balance and support). Post hoc analyses for significant findings were performed by using Bonferroni corrections for multiple comparisons. The significance (α
level) was set at P < .05, and all statistical tests were performed with the IBM SPSS Statistical Package 20 for Windows (SPSS Inc, Chicago, IL).

RESULTS
A total of 27 participants met the selection criteria and completed the study. The mean (±standard deviation) age and body mass index of the participants was 44.74 ± 10.00
years and 25.94 ± 4.01 kg/m , respectively. As measured by the Edinburgh Handedness Inventory, 20 participants demonstrated strong right hand dominance, whereas only 2
participants
were strong left hand dominant. The remaining 5 participants showed a mixed-hand preference. Twenty-three participants were strongly right footed, and 4 were strongly left
footed, as measured by the Otago Footedness Inventory. The descriptive statistics of all the variables for the 5 conditions are as shown in Table 1. The repeated measures
analysis of variance (Table 2) demonstrated significant differences (P < .001) between normal walking (C1) and for balance conditions (C2, C3) in % swing time and %
stance time on the ipsilateral side, and in % single limb support for the contralateral side. The double limb support was significant (P ≤.04) for both ipsilateral and
contralateral sides. Post hoc analysis showed differences between normal walking and dominant hand cane-assisted walking, normal walking and non-dominant hand caneassisted walking but not between dominant and non-dominant hand cane assisted walking.
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Comparisons between normal walking (C1) and support conditions (C4, C5) demonstrated significance (P < .001) for all variables. Post hoc analysis showed significance
between C1 and C4, C1 and C5 for all variables except % stance time on the ipsilateral side and % single limb support on the contralateral side, in which the difference was
identified only between C1 and C4.

DISCUSSION
The primary purpose of this study was to determine the effect of walking aids on key temporal and spatial parameters of gait, when used for balance or support in healthy
adults. It was found that the use of a walking aid significantly changed gait parameters when used for balance or support.

Balance and Support
The differences identified by the current investigation in the swing time and stance time of the ipsilateral side when using the walking aids for balance are similar to previous
findings with healthy subjects [14,22]. The current study identified a
significant difference in the single limb support time of the contralateral side and the double limb support time of both limbs. Single limb support is the time between the last
contact of 1 foot to the first contact of the opposite foot [23].
The use of a cane on 1 side increased the swing time of the same side, which in turn increased the single limb support of the opposite side. However, the decrease in double
limb support, which is the duration when both feet are on the ground, may have been due to decreased stance time on the ipsilateral side. No difference was identified in the
base of support when using a cane for balance, which suggests that a cane used for balance may only modify the swing and stance
phases of the limb but not the base of support formed by the feet.
Generally, the estimation of the base of support in cane walking includes not only the feet but also the cane [5], but the base of support estimated by GAITRite in the current
study excluded the cane. Therefore, the functional base of support when walking with the cane may have been wider than the base of support formed by the feet only. When
the cane was used for support significant differences were observed for all the variables. As expected, changes were significant for the swing time, stance time, single and
double limb support time. It was apparent that transfer of 10% body weight through the cane not only decreased the weight accepted on the contralateral side but also required
additional time, which in turn modified other temporal parameters. This finding also was supported by the significant difference observed for the cadence in support
conditions.
A significant decrease in the width of the base of support also was observed when compared with normal walking, which is contrary to the common understanding that the
base of support increases in an unsteady and challenging gait [24,25]. Although the narrow walkway can be considered as one of the reasons that the participants decreased
their interfoot distance to accommodate the cane, the non-significant difference seen in the balance condition negates this assumption. Alternatively, the participants may
have demonstrated decreased interfoot distance so as to maintain the center of gravity within a controllable range when using a walking aid for support. However, this
speculation needs to be further verified.

Dominance and Non-dominance
Hand dominance did not have any effect on gait parameters when used for balance; however, it did show some influence
when used for support. The use of a walking cane on the dominant side did change the ipsilateral swing time, stance time, and single limb support when compared with
normal walking, but there was no difference on the non-dominant side. For the support conditions, the participants were required to reproduce 10% of body weight and were
provided training to do so. The finding of significant differences only during non-dominant use of a walking cane suggests that this may be secondary to participants’ varying
ability to control the 10% loading task on this side.
These results imply the requirement of additional training in the test condition that requires partial weight bearing on the
non-dominant hand side. However, the hand dominance or preferred hand does not have any effect on the gait parameters
when used for balance. The findings also suggest that the use of a cane does not modify the base of support when used for balance; however, it alters the swing and stance
time of the ipsilateral side. When prescribing a cane as a supportive device for patients with weakness or pain, it needs to be understood that the use of a cane in healthy
adults increases the stance phase on the contralateral side and swing phase on the ipsilateral side in addition to the decrease in the base of support.

Strengths and Limitations
Although the study used a small sample, the repeated measures design enabled valid testing of the hypothesis. The wide confidence intervals for the mean difference of some
variables, especially support conditions (C4 and C5), are possibly due to the small sample included in the study. The participants were all healthy adults, and, thus, the results
need to be applied with due caution to clinical populations.

CONCLUSION
The use of walking aids for balance does modify the swing and stance parameters of the ipsilateral side and does not affect the base of support formed by the feet in healthy
adults. When used for support, walking aids alter the swing and stance parameters, and also the base of support formed by the feet. The hand dominance does not influence
gait parameters when used for balance but does have some effect when used for support. Future investigations on the use of walking aids for support and balance could
further understanding of the effects of walking aids on gait parameters and could provide important baseline data for studies that investigate rehabilitation interventions
because, currently, it is not possible to identify whether changes in gait are due to rehabilitation interventions or the normal adaptations that occur when using a walking aid.
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Table 1. Mean (SD) of the temporal and distance parameters of gait for all walking conditions
Variables

Condition 1

Condition 2

Condition 3

Condition 4

Condition 5

Cadence

111.87 (12.18)

100.59 (14.56)

100.35 (14.03)

82.74 (15.42)

79.81 (14.32)

left/contralateral foot

9.25 (3.20)

9.78 (2.93)

9.94 (3.43)

10.85 (2.08)

10.48 (2.72)

right/ipsilateral foot

9.24 (3.23)

9.86 (3.01)

9.97 (3.38)

10.81 (2.79)

10.44 (2.73)

left/contralateral foot

37.84 (1.52)

37.33 (2.06)

37.39 (2.03)

35.90 (2.82)

35.74 (3.42)

right/ipsilateral foot

37.69 (1.62)

36.70 (2.11)

36.69 (2.10)

36.23 (2.97)

36.22 (4.09)

left/contralateral foot

62.17 (1.51)

62.68 (2.07)

62.61 (2.03)

64.09 (2.83)

64.27 (3.42)

right/ipsilateral foot

62.32 (1.62)

63.30 (2.11)

63.31 (2.10)

63.77 (2.96)

63.78 (4.09)

left/contralateral foot

37.70 (1.66)

36.71 (2.11)

36.70 (2.10)

36.25 (3.02)

36.15 (4.07)

right/ipsilateral foot

37.84 (1.52)

37.32 (2.06)

37.37 (2.02)

35.90 (2.82)

35.82 (3.46)

left/contralateral foot

24.58 (3.05)

26.04 (4.04)

26.01 (3.84)

27.86 (5.30)

27.99 (6.29)

right/ipsilateral foot

24.59 (3.04)

26.03 (4.03)

26.01 (3.86)

27.78 (5.28)

28.06 (6.27)

Base of support (cms)

Swing time (% gait cycle)

Stance time (% gait cycle)

Single limb support (% gait cycle)

Double limb support (% gait cycle)

Note. Left/right for condition 1; contralateral/ipsilateral for cane conditions (2 to5); Condition 1 - normal walking; Condition 2 - walking with a cane on the dominant
hand for balance; Condition 3 - walking with a cane on the non-dominant hand for balance; Condition 4 - walking with a cane on the dominant hand while allowing
approximately 10% of the body weight through the cane; Condition 5 - walking with a cane on the non- dominant hand while allowing approximately 10% of the
body weight through the cane.

Table 2. Summary of repeated measures ANOVA and pairwise comparisons for balance and support conditions
Variables

Cadence

Cane for balance

Cane for support

Condition 1, 2 & 3

Condition 1, 4 & 5

F (1, 26) = 35.87; p < .001

F (1,26) = 126.01; p < .001

C1-C2: MD = 11.28 [7.11, 15.46]; p < .001

C1-C4: MD = 29.14 [23.12, 35.16]; p < .001

C1-C3: MD = 11.52 [6.90, 16.14]; p < .001

C1-C5: MD = 32.07 [25.09, 39.05]; p < .001

F (1, 26) = 2.50; p = .12

F (1, 26) = 11.98; p < .001

Base of support
left/contralateral foot

C1-C4: MD = -2.06 [-3.30, -0.81]; p = .001
C1-C5: MD = -1.68 [-2.93, -0.44]; p = .006
right/ipsilateral foot

F (1, 26) = 3.08; p = .08

F (1, 26) = 10.82; p < .001
C1-C4: MD = -2.02 [-3.29, -0.76]; p = .001
C1-C5: MD = -1.65 [-2.97, -0.33]; p = .01

% Swing time
left/contralateral foot

F (1, 26) = 2.26; p = .12;

F (1, 26) = 7.42; p = .002;
C-C4: MD = 1.92 [0.78, 3.07]; p = .001
C1-C5: MD = 2.09 [0.32, 3.85]; p = .02

right/ipsilateral foot

F (1, 26) = 10.41; p < .001

F (1, 26) = 3.85; p = .03

C1-C2: MD = 0.99 [0.35, 1.63]; p = .002

C1-C4: MD = 1.44 [0.11, 2.78]; p = .03

C1-C3: MD = 1.00 [0.27, 1.73]; p = .005
% Stance time
left/contralateral foot

F (1, 26) = 2.26; p = .12

F (1, 26) = 7.39; p = .002
C1-C4: MD = -1.91 [-3.06, -0.76]; p = .001
C1-C5: MD = -2.09 [-3.86, -0.33]; p = .02;

right/ipsilateral foot

F (1, 26) = 10.41; p < .001

F (1, 26) = 3.83; p = .03

C1-C2: MD = -0.99 [-1.62, -0.35]; p = .001

C1-C4: MD = -1.44 [-2.78, -0.11]; p = .03

C1-C3: MD = -1.00 [-1.73, -0.27]; p = .005
% Single limb support
left/contralateral foot

F (1, 26) = 10.61; p < .001

F (1, 26) = 3.96; p = .03;

C1-C2: MD = 1.00 [0.36, 1.63]; p = .001

C1-C4: MD = 1.42 [0.08, 2.75]; p = .03

C1-C3: MD = 1.00 [0.27, 1.73]; p = .005
right/ipsilateral foot

F (1, 26) = 2.31; p = .11

F (1, 26) = 7.12; p = .002
C1-C4: MD = 1.95 [0.79, 3.11]; p = .001
C1-C5: MD = 2.03 [0.25, 3.81]; p = .02

% Double limb support
left/contralateral foot

right/ipsilateral foot

F (1, 26) = 7.94; p = .003

F (1, 26) = 8.43; p = .001

C1-C2: MD = -1.45 [-2.70, -0.18]; p = .02

C1-C4: MD = -3.29 [-5.50, -1.07]; p = .003

C1-C3: MD = -1.43 [-2.60, -0.26]; p = .02

C1-C5: MD = -3.42 [-6.18, -0.66]; p = .01

F (1, 26) = 7.94; p = .04

F = 8.63; p = .001

C1-C2: MD = -1.44 [-2.70, -0.18]; p = .02

C1-C4: MD = -3.18 [-5.34, -1.02]; p = .003

C1-C3: MD = -1.42[-2.60, -0.24]; p = .02

C1-C5: MD = -3.46 [-6.19, -0.74]; p = .01

Note. ANOVA= analysis of variance. C = walking condition; C1 = normal walking; C2 = walking with a cane in the dominant hand for balance; C3 = walking with a
cane in the non-dominant hand for balance; C4 = walking with a cane in the dominant hand while allowing approximately 10% of the body weight through the
cane; C5 = walking with a cane on the non-dominant hand while allowing approximately 10% of the body weight through the cane.

