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The effect of using walking poles
on the spatiotemporal gait parameters in patients
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Purpose: This study aimed to investigate the differences in spatiotemporal gait parameters in patients who underwent surgery for hip
fractures when using walking poles and T-canes. Methods: This cross-sectional study enrolled eight patients who underwent surgery for
a unilateral hip fracture (mean age of 79.0 ± 7.9 years) and 34 healthy individuals who had no symptoms (mean age of 32.1 ± 6.2 years).
The outcome measures were the walking speed, trunk acceleration, and lateral lean angles of the trunk, shoulder and pelvis during
walking. The results were compared among the three types of walking aids, namely, a T-cane, double T-canes and walking poles.
Results: Acceleration indices step symmetry in the vertical and anteroposterior directions in walking with walking poles were
significantly larger than that in walking with a T-cane. These results were common in patients with fractures and healthy individuals.
Conclusions: Walking with walking poles might be a more symmetrical gait style than walking with a T-cane in patients who under-
went surgery for hip fractures.
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1. Introduction

Restoring the walking ability is one of the most
important goals in the physical therapy of patients who
underwent hip fracture surgery. Globally, approximately
1.6 million patients sustain hip fractures annually [12].
The incidence is expected to increase with the aging
of the world’s population [5]. In the early postoperative
phase of hip fracture surgery, disuse syndrome due to
loss of walking ability significantly impairs patients’
physical functions, including muscle mass and strength
[30]. Impaired physical function is associated with

increased mortality and worse functional outcomes
[13], [33]. The mortality rate within 1 year after frac-
ture was 21.9% for women and 32.5% for men [4],
and 11% of older adults living in the community were
bedridden in the first year after fracture [23]. There-
fore, early restoration of the walking ability is impor-
tant for patients who underwent hip fracture surgery to
prevent mortality and worse functional outcomes.

Improving gait symmetry is an important factor in
restoring walking ability. Gait symmetry is generally
defined as the identical behavior of the left and right
limbs during gait [28]. Reduced gait symmetry is asso-
ciated with reduced walking speed [39], chronic joint
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pain, and osteoarthritis [34]. Furthermore, reduced gait
symmetry is an independent factor associated with
falls in older adults [2], [39]. Because hip fractures
are unilateral lower extremity injuries, reduced gait
symmetry is a typical gait characteristic of patients
who underwent hip fracture surgery [6], [32]. There-
fore, gait symmetry must be assessed to restore walk-
ing ability in patients who underwent hip fracture
surgery.

Despite the importance of improving gait symme-
try in patients who underwent hip fracture surgery, the
optimal method of improving gait symmetry has not
been established. In recent years, an increasing number
of studies have assessed gait symmetry. Specifically,
some studies have evaluated gait symmetry for stroke
[8], osteoarthritis [17], total hip replacement [15], ante-
rior cruciate ligament injury [38], Parkinson’s disease
[3] and lower limb amputation [27]. Despite studies
on the effectiveness of body weight-supported tread-
mill [8] and walking program incorporating real-time
biofeedback [36] to improve gait symmetry, the wide-
spread use of these training programs in clinical prac-
tice is hindered by the need for specialized equipment.
Therefore, a method that can easily improve gait sym-
metry in patients who underwent hip fracture surgery
is desired.

Walking with walking poles (WP) may improve
gait symmetry in patients who underwent hip fracture
surgery. In this form of locomotion, a person holds
a pole in each hand, and one of the poles touches the
ground simultaneously with contralateral lower limb
heel contact [24]. For healthy individuals, the use of
WP decreases the vertical direction of the ground
reaction force [37], decreases the muscular activity of
the gluteus medius and increases the lateral margins of
stability [25]. For patients with Parkinson’s disease,
the use of WP increased the stride length and reduced
the range of motion and velocity of the trunk in the
frontal plane [7]. These studies have revealed that WP
help reduce the burden on the lower limbs, expand the
base of support and improve pelvic and trunk stability.
Additionally, WP were effective in improving gait
symmetry in patients with osteoarthritis [22]. These
actions of WP may improve gait symmetry in patients
who underwent hip fracture surgery.

To investigate whether WP improve gait symme-
try in patients who underwent hip fracture surgery, the
effect of using WP on gait parameters must be exam-
ined from a kinematic perspective. Thus, this study
aimed to investigate the differences in spatiotemporal
gait parameters in patients who underwent hip fracture
surgery when walking using WP and T-canes, which
are frequently used in clinical practice.

2. Materials and methods

2.1. Participants

The study included also healthy individuals to check
whether the effect of the WP was unique on the patients.
The patients were screened according to the follow-
ing inclusion criteria: (1) diagnosed with hip fractures,
(2) undergone hip fracture surgery and (3) independ-
ently walk 10 m with a T-cane. The exclusion criteria
for all participants were as follows: (1) mini-mental
state examination (MMSE) score <20 points, (2) diffi-
culty grasping the WP with both hands and (3) pres-
ence of skin lesions that would interfere with surface
electromyography tests.

This study was approved by the institutional ethics
committee of Shigei Hospital (Approval no. 2021-018).
All participants provided written informed consent after
they received an explanation of the nature and purpose
of the study.

2.2. Experimental setup
and procedures

The participants performed walking tasks using three
walking aids, namely, a T-cane, double T-canes (DT),
and WP. Gait analysis was performed on a 14-m long
smooth flat walkway, with a space of 2 m at each end for
acceleration and deceleration. To measure the lateral
lean angles of the trunk, shoulder and pelvis, the position
of the camera was set at both ends of the 14-m walkway.
Two iPhoneSE (256 GB, Apple, Inc., Cupertino, CA,
USA) at 30 frames per second were used from the
frontal plane of the participants. In addition, the height
to the center of the camera lens was unified to 1.0 m,
and the camera was installed parallel to the floor
using a level. The participants were instructed to
walk at a comfortable walking speed, and measurements
were performed over the middle 10 m. In each walk-
ing task, measurements were performed after three
trials. A physical therapist closely watched the partici-
pants to prevent falls.

2.3. Outcome measure
and data analysis

The main outcome measure was the walking speed.
The secondary outcomes were trunk acceleration and
lateral lean angles of the trunk, shoulder and pelvis.
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Signal processing of the trunk acceleration and lateral
lean angles was performed using MATLAB R2020b
(The MathWorks, Inc., Natick, MA, USA).

Walking speed

The time taken to complete the middle 10-m dis-
tance was recorded to the nearest hundredth of a second
using stopwatch, and walking speed was expressed in
meters per minute. The average of three trials was used
as the representative value.

Trunk acceleration

Trunk acceleration during gait was measured using
a 40 × 50 × 14 mm wireless accelerometer that weighed
27 g (TSND151; ATR-Promotions, Inc., Kyoto, Japan).
A sensor unit was fixed to a belt at the level of the L3
spinous process. Trunk linear accelerations were meas-
ured in the mediolateral (ML), vertical (VT) and an-
teroposterior (AP) directions, while the participants
walked along a walkway. The curvature of the body
can affect the angle of the baseline axis in the acceler-
ometer. Therefore, to correct for any potential effects of
this angle, the accelerometer was calibrated in a stand-
ing position before the walking trial to take into account
the effect of static gravity. All signals were sampled
at 200 Hz and synchronously wirelessly transferred to
a personal computer via a Bluetooth personal area net-
work. Before the analyses, all acceleration data were
Butterworth-filtered with a cutoff frequency of 20 Hz.
The initial-contact events were identified from the AP
direction of the three-axis accelerometer. To analyze the
trunk acceleration indices, three consecutive gait cycles
in steady walking condition were picked from the 10-m
walking path section. The three gait cycles including the
gait cycle 5 m from the camera were selected to analyze
same sections in the lateral lean angles of the trunk,
shoulders and pelvis. The average in the three gait cycles
was calculated in each trial, and the average in three
trials was used as the representative value.

To evaluate gait symmetry and gait regularity, the
step symmetry (SS) and step regularity (SR) were
calculated using the autocorrelation sequence of trunk
acceleration, respectively. In this study, an unbiased
estimate of the autocorrelation coefficient (unbiased)
was calculated according to the method by Moe-
Nilssen and Helbostad [20]. The SS and SR indicate the
similarity of acceleration signals between contralateral
and ipsilateral steps, respectively. The SS and SR range
from 0 to 1, with 1 indicating the highest symmetry or
regularity. The SS values in the ML, VT and AP direc-
tions were represented as the SS-ML, SS-VT and SS-
AP, respectively. The SR values in the ML, VT and AP

directions were denoted as the SR-ML, SR-VT and
SR-AP, respectively.

The step time variability (STV) was calculated as
the coefficient of variation for three-step time values for
each leg. The STV value indicates gait variability. The
STV was calculated using this equation: [(standard
deviation of step time/mean step time) × 100] [9].
A smaller STV value shows better stability during
gait. The step time asymmetry (STA) was calculated
using this equation: [(longer step time – shorter step
time)/longer step time × 100]. The time for one step was
defined as the time between one heel contact and the
next heel contact of the contralateral leg.

The root mean square (RMS) value indicates the
amplitude of acceleration; thus, the larger the value, the
larger the sway. The RMS of trunk acceleration dur-
ing walking is affected by walking speed [16]. There-
fore, in this study, the normalized RMS calculated by
dividing by the square of the walking speed was used.
The RMS was calculated separately for each step of the
right and left stance phases. The RMS values in the ML,
VT and AP directions were represented as RMS-ML,
RMS-VT and RMS-AP, respectively. The difference
in the RMS (D-RMS) was calculated to evaluate the
difference in the amplitude of acceleration during the left
and right stance phases. The D-RMS was calculated
using the following equation: [(larger RMS – smaller
RMS)]. The D-RMS values in the ML, VT and AP di-
rections were denoted as the D-RMS-ML, D-RMS-VT
and D-RMS-AP, respectively.

Lateral lean angles of the trunk,
shoulder and pelvis

The lateral lean angles of the trunk, shoulders and
pelvis were calculated from the positions of the re-
flective markers on the video using motion analysis
software. Reflective markers were applied on the bi-
lateral anterior superior iliac spines (ASISs) and the
bilateral anterior tips of the acromion as reference
point. Using the methods of previous studies, the lat-
eral lean angle of the trunk was calculated as the angle
of a line drawn from the midpoint of the ASISs to the
midpoint of the anterior tips of the acromion processes
with respect to the vertical direction [10]. The lateral
lean angle of the shoulder or pelvis was calculated as
the angle between the horizontal line and the line con-
necting the bilateral anterior tips of the acromion or
ASISs. Data were analyzed using freeware motion
analysis software (Kinovea, version 0.9.5, available for
download at http://www.kinovea.org). Kinovea, used in
clinical motion analysis, is a valid and reliable tool that
can measure trunk angles accurately [11]. The analysis
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target of the lateral lean angle was a section of three
gait cycles, including the gait cycle at 5 m from the
camera. In each trial, the maximum value during three
gait cycles was calculated, and the maximum value of
the three trials was used as the representative value.

2.4. Statistical analysis

Using repeated-measures analysis of variance, the
results of analyses were compared among the three types
of walking aids. When a significant difference was
found in the comparisons among all three sequences,
a paired post-hoc comparison was performed using
Bonferroni’s correction. Data are presented as mean
and standard deviation (mean ± SD). The effect sizes
were expressed as partial eta-squared values ( 2

pη ; small
≥ 0.01, medium ≥ 0.06, large ≥ 0.14). All statistical
analyses were performed with EZR [14], which is for R.

2.5. Sample size

The required sample size was calculated using
G*Power 3.1.9.7. Assuming an alpha-error of 0.05,
a statistical power of 0.80, and an effect size 2

pη  of 0.06
(moderate), at least 27 persons were required. In addi-
tion, assuming a maximum failed measurement of 20%,
the target sample size was set at a maximum of
34 participants.

3. Results

Participants’ characteristics are shown in Table 1.
Eight patients who underwent surgery for a unilateral

hip fracture (mean age, 79.0 ± 7.9 years) and 34 healthy
individuals who had no symptoms (mean age, 32.1
± 6.2 years) participated in this study. Patients who
underwent hip fracture surgery were all women, and
the healthy individuals were all men. All patients in
the study had 24 or more MMSE points.

The spatiotemporal gait parameters of the healthy
individuals are shown in Table 2. The walking speed
in the WP condition was significantly higher than that
in the T-cane condition (T condition) and DT condi-
tion. The SS-ML and SS-VT in the WP condition were
significantly larger than those in the T condition. The
SS-AP in the DT and WP conditions was significantly
larger than that in the T condition. The SR-ML on the
right side in the WP condition was significantly larger
than that in the T condition. The SR-VT and SR-AP
on the right side in the DT condition were significantly
larger than those in the T condition. The RMS in the
WP condition was significantly larger than that in the
T condition. The RMS in the DT condition was sig-
nificantly larger than that in the WP condition. The
STAs in the DT and WP conditions were signifi-
cantly smaller than those in the T condition. The
STV on the left side in the DT condition was signifi-
cantly smaller than that in the T condition. No sig-
nificant differences in d-RMS and lateral lean angles
of the trunk, pelvis and shoulder were found among
the three conditions.

The spatiotemporal gait parameters of the patients
with hip fractures are shown in Table 3. The SS-VT and
SS-AP in the WP condition were significantly larger
than those in the T condition. The RMS-VT on the
operative side in the WP condition was larger than that
in the T condition. The RMS-AP on the nonoperative
side in the DT and WP conditions was larger than that
in the T condition. Walking speed, SS-ML, SR, d-RMS,
STA, STV and lateral lean angles were not signifi-
cantly different among the three conditions.

Table 1. The participants’ characteristics

Characteristics Hip fracture patients The healthy individuals
Gender (men/women) 0/8 34/0
Age [years] 79.0 ± 7.9 32.1 ± 6.2
Height [cm] 150.7 ± 7.7 173.3 ± 4.0
Weight [kg] 45.6 ± 8.3 66.0 ± 7.8
Fracture type (FNF/TF) 6/2 –
Surgical type (BHA/CCHS/γ-nail/CHS) 3/3/1/1 –
The days from the surgery to the measurement 56.1 ± 34.3 –
MMSE score 27.8 ± 2.2 –

FNF – Femoral Neck Fracture, TF – Trochanteric Fracture, BHA – Bipolar Hip Arthroplasty,
CCHS – Cannulated Cancellous Hip Screw, CHS – Compression Hip Screw, MMSE – Mini-Mental
State Examination.
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Table 2. The spatiotemporal gait parameters of the healthy individuals

Type of walking aidThe healthy individuals
(N = 34) T-cane Double T-canes Walking poles

P-value Post-hoc test
Effect size

)( 2
pη

Speed (m/sec) 1.19 ± 0.16 1.18 ± 0.18 1.24 ± 0.19 0.000 T, DT < WP 0.31
SS-ML 0.50 ± 0.23 0.55 ± 0.19 0.59 ± 0.20 0.015 T < WP 0.14
SS-VT 0.85 ± 0.11 0.89 ± 0.06 0.89 ± 0.08 0.016 T < WP 0.13
SS-AP 0.89 ± 0.06 0.93 ± 0.03 0.92 ± 0.04 0.000 T < DT, WP 0.29

Right side 0.75 ± 0.16 0.80 ± 0.10 0.82 ± 0.13 0.009 T < WP 0.13
SR-ML

Left side 0.77 ± 0.16 0.81 ± 0.11 0.81 ± 0.12 0.122 0.06
Right side 0.91 ± 0.09 0.95 ± 0.02 0.94 ± 0.08 0.023 T < DT 0.11

SR-VT
Left side 0.92 ± 0.09 0.95 ± 0.03 0.94 ± 0.06 0.086 NS 0.08
Right side 0.93 ± 0.07 0.96 ± 0.02 0.95 ± 0.06 0.007 T < DT 0.14

SR-AP
Left side 0.94 ± 0.07 0.97 ± 0.02 0.96 ± 0.05 0.037 NS 0.11
Right side 0.88 ± 0.28 1.50 ± 0.24 1.25 ± 0.18 0.000 T < WP < DT 0.77

RMS-ML
Left side 0.86 ± 0.24 1.50 ± 0.18 1.34 ± 0.23 0.000 T < WP < DT 0.82
Right side 0.85 ± 0.27 1.50 ± 0.23 1.29 ± 0.22 0.000 T < WP < DT 0.82

RMS-VT
Left side 0.89 ± 0.26 1.51 ± 0.23 1.31 ± 0.24 0.000 T < WP < DT 0.79
Right side 0.92 ± 0.30 1.54 ± 0.25 1.32 ± 0.22 0.000 T < WP < DT 0.74

RMS-AP
Left side 0.88 ± 0.31 1.49 ± 0.22 1.32 ± 0.26 0.000 T < WP < DT 0.78

D-RMS-ML 0.13 ± 0.09 0.12 ± 0.10 0.12 ± 0.12 0.899 0.00
D-RMS-VT 0.12 ± 0.08 0.11 ± 0.10 0.09 ± 0.07 0.137 0.06
D-RMS-AP 0.17 ± 0.17 0.16 ± 0.15 0.11 ± 0.09 0.040 NS 0.09
STA 4.06 ± 2.67 2.74 ± 1.69 3.09 ± 2.07 0.001 DT, WP < T 0.22
STV Right side 2.45 ± 1.85 1.86 ± 0.86 1.91 ± 1.44 0.043 NS 0.09
STV Left side 2.36 ± 1.85 1.42 ± 0.59 1.77 ± 1.40 0.007 DT < T 0.14
Trunk lean angle [°] 4.52 ± 1.84 4.53 ± 1.29 4.43 ± 1.24 0.838 0.00
Shoulder lean angle [°] 5.28 ± 1.87 5.18 ± 1.56 5.31 ± 1.38 0.843 0.01
Pelvis lean angle [°] 6.76 ± 2.26 6.92 ± 2.21 7.11 ± 2.61 0.476 0.02

Values are given as mean ± standard deviation. Post hoc analysis with Bonferroni correction.
η2

p – Partial eta-squared values, small ≥ 0.01, medium ≥ 0.06, large ≥ 0.14; T – T-cane, DT – Double T-canes, WP – Walking poles,
NS – Not significant, SS – Step Symmetry, SR – Step Regularity, RMS – Root Mean Square, D-RMS – Difference of Root Mean Square,
STA – Step Time Asymmetry, STV – Step Time Variability, VT – Vertical, AP – Anteroposterior, ML – Mediolateral.

Table 3. The spatiotemporal gait parameters of the patients with hip fractures

Type of walking aidThe patients with
hip fractures (N = 8) T-cane Double T-canes Walking poles

P-value Post-hoc test
Effect size

)( 2
pη

Speed [m/sec] 0.76 ± 0.22 0.74 ± 0.24 0.77 ± 0.25 0.327 0.15
SS-ML 0.30 ± 0.22 0.25 ± 0.21 0.31 ± 0.28 0.441 0.11
SS-VT 0.54 ± 0.20 0.61 ± 0.21 0.65 ± 0.17 0.002 T < WP 0.59
SS-AP 0.63 ± 0.26 0.68 ± 0.27 0.74 ± 0.20 0.018 T < WP 0.44

Operative 0.54 ± 0.26 0.60 ± 0.19 0.68 ± 0.18 0.088 0.34
SR-ML

Non-operative 0.62 ± 0.19 0.68 ± 0.10 0.69 ± 0.24 0.624 0.07
Operative 0.77 ± 0.19 0.82 ± 0.17 0.85 ± 0.13 0.141 0.24

SR-VT
Non-operative 0.79 ± 0.11 0.83 ± 0.10 0.86 ± 0.11 0.412 0.12
Operative 0.84 ± 0.16 0.88 ± 0.16 0.89 ± 0.15 0.203 0.22

SR-AP
Non-operative 0.91 ± 0.05 0.92 ± 0.06 0.94 ± 0.05 0.316 0.15
Operative 2.04 ± 1.74 3.03 ± 2.26 2.38 ± 1.02 0.129 0.29

RMS-ML
Non-operative 1.74 ± 0.77 2.40 ± 1.40 2.60 ± 1.50 0.028 NS 0.40
Operative 1.88 ± 1.19 2.46 ± 1.40 2.67 ± 1.34 0.005 T < WP 0.54

RMS-VT
Non-operative 1.99 ± 1.70 2.68 ± 1.82 2.19 ± 0.79 0.166 0.25
Operative 1.92 ± 1.48 2.69 ± 1.64 2.31 ± 1.03 0.078 0.36

RMS-AP
Non-operative 1.84 ± 1.10 2.40 ± 1.24 2.64 ± 1.38 0.001 T < DT, WP 0.64

D-RMS-ML 0.54 ± 0.93 0.73 ± 1.00 0.38 ± 0.49 0.151 0.24
D-RMS-VT 0.43 ± 0.41 0.41 ± 0.48 0.47 ± 0.61 0.779 0.02
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4. Discussion

This study investigated the differences in spatio-
temporal gait parameters in patients who underwent
hip fracture surgery when using WP and T-canes.
The walking speed, trunk acceleration, and lateral lean
angles of the trunk, shoulder and pelvis during walking
were measured in healthy individuals and patients
who underwent hip fracture surgery. In healthy indi-
viduals, the walking speed and all SS parameters in
the WP condition were significantly larger than those
in the T condition, and the STA in the WP condition
was significantly smaller than that in the T condition.
The RMS in the WP condition was significantly larger
than that in the T condition and smaller than that in
the DT condition. In patients, the SS-VT, SS-AP and
RMS-VT on the operative side and the RMS-AP on
the nonoperative side were significantly larger in the
WP condition than those in the T condition. These
results were common in the healthy individuals. No
differences in walking speed and lateral lean angles
of the trunk, pelvis, and shoulder were found among
walking aids in patients who underwent hip fracture
surgery.

The novelty of this study is the examination of the
effect of using WP on gait symmetry in patients who
underwent hip fracture surgery. Previous studies have
evaluated the effects of the use of WP on gait sym-
metry in healthy individuals [31], patients with osteo-
arthritis [22], stroke [1] and Parkinson’s disease [35].
However, no study has examined the effect of WP on
the gait symmetry of patients who underwent surgery
for hip fractures. Because the characteristics of gait
kinematics differ by disease, the effect of using WP
on gait symmetry may also differ by disease. To our
knowledge, this is the first study to investigate the

effect of using WP on gait symmetry in patients who
underwent surgery for hip fractures.

In this study, the SS-VT and SS-AP in the WP con-
dition were significantly larger than those in the T con-
dition, suggesting that WP may assist with walking in
patients who underwent surgery for hip fractures. The
SS indicates the similarity in the acceleration signal
between the left and right stance phases during walk-
ing. Muscle weakness and loading pain result in pro-
longed underloading of the operated lower extremity in
patients who underwent surgery for fractures [21], [26].
Consequently, the center of gravity fails to accelerate
upward in the initial to mid-stance of the operative
lower limb, and the forward propulsive force is reduced
in the terminal stance phase. Because the WP can in-
crease the dynamic stability in the lateral direction by
expanding the base of support and assisting the hip ab-
ductor muscles [25], it facilitates loading to the operative
lower extremity and smoothens the load transfer. Be-
cause of the high similarity of acceleration waveforms
in the VT and AP directions during the left and right
stance phases by facilitating load transfer to the op-
erative lower extremity, the SS-VT and SS-AP in the
WP condition were significantly larger than those in
the T condition. Thus, compared to T-canes, WP may
be a walking aid that improves gait symmetry in pa-
tients who underwent surgery for hip fractures.

The use of WP may exert immediate effects on gait
symmetry but may have a less immediate effect on gait
regularity. In this study, gait regularity indicates the
similarity of acceleration signals between ipsilateral
steps. The SS and SR were calculated simultaneously,
and only the SS showed significant changes among
walking aids in patients who underwent surgery for
hip fractures. The effect of long-term use of walking aids
on SS and SR changes is unknown, however, the si-
multaneous calculation of SS and SR provides some

Table 3 continued

D-RMS-AP 0.37 ± 0.27 0.31 ± 0.39 0.36 ± 0.57 0.891 0.02
STA 9.72 ± 8.01 9.65 ± 10.09 7.03 ± 6.85 0.164 0.23
STV Operative 6.06 ± 3.97 3.72 ± 2.90 3.48 ± 1.70 0.133 0.25
STV Non-operative 5.37 ± 2.29 4.22 ± 2.81 3.29 ± 1.63 0.124 0.26
Trunk lean angle [°] 4.63 ± 1.27 4.37 ± 1.71 4.83 ± 1.66 0.485 0.10
Shoulder lean angle [°] 4.58 ± 0.77 4.98 ± 1.28 4.92 ± 0.47 0.595 0.07
Pelvis lean angle [°] 6.72 ± 2.99 6.49 ± 2.58 6.19 ± 3.24 0.523 0.09

Values are given as mean ± standard deviation. Post-hoc analysis with bonferroni correction
η2

p – Partial eta-squared values, small ≥ 0.01, medium ≥ 0.06, large ≥ 0.14, T – T-cane, DT – Double T-canes, WP – Walking poles,
NS – Not significant, SS – Step Symmetry, SR – Step Regularity, RMS – Root Mean Square, D-RMS – Difference of Root Mean
Square, STA – Step Time Asymmetry, STV – Step Time Variability, VT – Vertical, AP – Anteroposterior, ML – Mediolateral
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indications of an immediate effect of using WP in pa-
tients who underwent surgery for hip fractures.

Walking with DT and WP may be a more dynamic
gait motion than walking with a T-cane. The RMS in
the DT and WP conditions were larger than those in the
T condition for healthy individuals and patients with hip
fractures. The acceleration RMS indicates the magni-
tude of trunk acceleration during gait [16]. The higher
the acceleration RMS, the greater the trunk instability or
sway [18], [19]. To improve gait stability through only
movements, the strategy is to reduce the flexibility of
movements [29]. The use of walking aids, such as DT or
WP, enlarged the basal plane of support and increased
stability during walking. This diminished the need for
reduced flexibility of movements. Consequently, walk-
ing with DT and WP produced dynamic gait move-
ments, and the RMS was considered to increase.

This study is meaningful as a theoretical basis in-
dicating that walking with WP may be an effective
intervention to improve gait symmetry in patients who
underwent surgery for hip fractures. In clinical practice,
gait training with a T-cane, which is shorter than WP
and held on one side, is frequently employed in patients
who underwent surgery for hip fractures. However,
reduced gait symmetry tends to remain in patients
who underwent hip fracture surgery, and establishing
optimal methods to improve it is challenging. In con-
trast, this study suggested that walking with WP, which
are longer than conventional T-canes and held bilaterally,
might be a more symmetrical walking style than walk-
ing with a T-cane in patients who underwent hip frac-
ture surgery. Therefore, the results of this study may
provide a basis for recommending walking with WP
as a part of exercise therapy to improve gait symmetry
during walking without WP for patients who under-
went hip fracture surgery in clinical practice. The
long-term effects of the use of WP on walking without
WP in patients with fractures have not been demon-
strated, which is the aim in one of our upcoming
studies.

This study has several limitations. First, the sam-
ple size of patients with hip fractures was insufficient
to generalize the results. Second, the healthy individu-
als were all men, and patients who underwent hip frac-
ture surgery were all women. Although the sex-based
difference between the healthy individuals and the
patients was purely coincidental, the sex-based differ-
ences may influence the results and their generalizabil-
ity. However, because the results for SS and RMS were
common for healthy men individuals and women pa-
tients, these parameters are unlikely to be affected by
sex-based differences. Thus, the study participants are
insufficiently representative of the entire population of

patients who underwent hip fracture surgery. There-
fore, a larger study is needed to increase the gener-
alizability of the results. Third, the measurement is
made at only one point. Long-term use of WP may
cause changes in parameters other than gait symmetry.
Thus, changes in spatiotemporal gait parameters over
time must be assessed by analyzing gait at multiple
time points. Fourth, the short walking distances and
short analysis section used in our study may affect the
generalizability of the results. In the real-world situa-
tion, fatigue may alter gait symmetry and other gait
parameters as people usually walk distances of 10 m
or more. Due to the measurement environment in
which the subjects walked towards the camera, many
steps could not be included in the analysis. This raises
concerns about the representative nature of the data
used in the analysis. Therefore, in the future, it may be
better to include a larger walking distances and greater
number steps to verify the results.

5. Conclusions

This study investigated the difference in spatiotem-
poral gait parameters in patients who underwent hip
fracture surgery when walking using WP and T-canes.
The results showed that acceleration indices SS-VT and
SS-AP in the WP condition were significantly larger
than those in the T condition for the studied patient
group. Therefore, walking with WP might be a more
symmetrical gait style than walking with a T-cane.

Acknowledgements

In measuring, the authors would like to thank the patients and
the staff in department of rehabilitation of Shigei Hospital. In writ-
ing this paper, the author would like to thank Dr. Hirofumi Wakaki,
Professor of Hiroshima University and Dr. Keisuke Fukui, Associate
Professor of Hiroshima University for lending their expertise on
statistical data analysis.

Declaration of interest

The authors declare no conflict of interest.

References

[1] ALLET L., LEEMANN B., GUYEN E., MURPHY L., MONNIN D.,
HERRMANN F.R., SCHNIDER A., Effect of different walking aids
on walking capacity of patients with poststroke hemiparesis,
Arch. Phys. Med. Rehabil., 2009, 90 (8), 1408–1413.



K. ONO et al.122

[2] BAUTMANS I., JANSEN B., VAN KEYMOLEN B., METS T., Reli-
ability and clinical correlates of 3D-accelerometry based gait
analysis outcomes according to age and fall-risk, Gait Posture,
2011, 33 (3), 366–372.

[3] BEKKERS E.M.J., HOOGKAMER W., BENGEVOORD A.,
HEREMANS E., VERSCHUEREN S.M.P., NIEUWBOER A., Freezing-
-related perception deficits of asymmetrical walking in Parkin-
son’s disease, Neuroscience, 2017, 364, 122–129.

[4] BRAUER C.A., COCA-PERRAILLON M., CUTLER D.M., ROSEN A.B.,
Incidence and mortality of hip fractures in the United States,
JAMA, 2009, 302 (14), 1573–1579.

[5] CHENG S.Y., LEVY A.R., LEFAIVRE K.A., GUY P., KURAMOTO L.,
SOBOLEV B., Geographic trends in incidence of hip fractures:
a comprehensive literature review, Osteoporos Int. a J. Establ.
as result Coop between Eur. Found Osteoporos Natl. Osteo-
poros Found USA, 2011, 22 (10), 2575–2586.

[6] GAUSDEN E.B., SIN D., LEVACK A.E., WESSEL L.E.,
MOLONEY G., LANE J.M., LORICH D.G., Gait Analysis After In-
tertrochanteric Hip Fracture: Does Shortening Result in Gait
Impairment?, J. Orthop. Trauma, 2018, 32 (11), 554–558.

[7] GOUGEON M.A., ZHOU L., NANTEL J., Nordic Walking im-
proves trunk stability and gait spatial-temporal characteris-
tics in people with Parkinson disease, NeuroRehabilitation,
2017, 41 (1), 205–210.

[8] HASSID E., ROSE D., COMMISAROW J., GUTTRY M.D.B., Im-
proved Gait Symmetry in Hemiparetic Stroke Patients Induced
During Body Weight-Supported Treadmill Stepping, J. Neurol.
Rehabil., 1997, 11 (1), 21–26.

[9] HAUSDORFF J.M., Gait variability: methods, modeling and
meaning, J. Neuroeng. Rehabil., 2005, 2, 19.

[10] HUNT M.A., BIRMINGHAM T.B., BRYANT D., JONES I., GIFFIN J.R.,
JENKYN T.R., VANDERVOORT A.A., Lateral trunk lean ex-
plains variation in dynamic knee joint load in patients with
medial compartment knee osteoarthritis, Osteoarthr. Cartil.,
2008, 16 (5), 591–599.

[11] IIJIMA S., SHIOMI M., HARA T., Verification of Reliability and
Validity of Trunk Forward Tilt Angle Measurement During
Gait Using 2-Dimensional Motion Analysis, J. Chiropr. Med.,
2023, 22 (2), 89–95.

[12] JOHNELL O., KANIS J.A., An estimate of the worldwide prevalence
and disability associated with osteoporotic fractures, Osteoporos
Int. a J. Establ. as result Coop between Eur. Found Osteoporos
Natl. Osteoporos Found USA, 2006, 17 (12), 1726–1733.

[13] KAGAYA H., TAKAHASHI H., SUGAWARA K., DOBASHI M.,
KIYOKAWA N., EBINA H., Predicting outcomes after hip fracture
repair, Am. J. Phys. Med. Rehabil., 2005, 84 (1), 46–51.

[14] KANDA Y., Investigation of the freely available easy-to-use soft-
ware “EZR” for medical statistics, Bone Marrow Transplant.,
2013, 48 (3), 452–458.

[15] LUGADE V., WU A., JEWETT B., COLLIS D., CHOU L.S., Gait
asymmetry following an anterior and anterolateral approach
to total hip arthroplasty, Clin. Biomech. (Bristol, Avon), 2010,
25 (7), 675–680.

[16] MENZ H.B., LORD S.R., FITZPATRICK R.C., Acceleration
patterns of the head and pelvis when walking on level and ir-
regular surfaces, Gait Posture, 2003, 18 (1), 35–46.

[17] MILLS K., HETTINGA B.A., POHL M.B., FERBER R., Between-
-limb kinematic asymmetry during gait in unilateral and bi-
lateral mild to moderate knee osteoarthritis, Arch. Phys. Med.
Rehabil., 2013, 94 (11), 2241–2247.

[18] MIZUIKE C., OHGI S., MORITA S., Analysis of stroke patient
walking dynamics using a tri-axial accelerometer, Gait Pos-
ture, 2009, 30 (1), 60–64.

[19] MIZUTA N., HASUI N., NAKATANI T., TAKAMURA Y., FUJII S.,
TSUTSUMI M., TAGUCHI J., MORIOKA S., Walking characteris-
tics including mild motor paralysis and slow walking speed in
post-stroke patients, Sci. Rep., 2020, 10 (1), 11819.

[20] MOE-NILSSEN R., HELBOSTAD J.L., Estimation of gait cycle
characteristics by trunk accelerometry, J. Biomech., 2004,
37 (1), 121–126.

[21] NIGHTINGALE E.J., STURNIEKS D., SHERRINGTON C.,
MOSELEY A.M., CAMERON I.D., LORD S.R., Impaired weight
transfer persists at least four months after hip fracture and reha-
bilitation, Clin. Rehabil., 2010, 24 (6), 565–573.

[22] NORIAKI KATO, CHIHO FUKUSAKI K.L., YUMA KADOKURA N.I.,
Improvement in gait asymmetry during Nordic walking in pa-
tients with lower extremity osteoarthritis, J. Phys. Fit. Sport
Med., 2020, 9 (2), 65–73.

[23] NURMI I., NARINEN A., LÜTHJE P., TANNINEN S., Functional
outcome and survival after hip fracture in elderly: a prospec-
tive study of 106 consecutive patients, J. Orthop. Traumatol.,
2004, 5 (1), 7–14.

[24] OBATA H., OGAWA T., YOKOYAMA H., KANEKO N.,
NAKAZAWA K., Spatiotemporal characteristics of locomotor
adaptation of walking with two handheld poles, Exp. Brain Res.,
2020, 238 (12), 2973–2982.

[25] PEYRÉ-TARTARUGA L.A., BOCCIA G., FEIJÓ MARTINS V.,
ZOPPIROLLI C., BORTOLAN L., PELLEGRINI B., Margins of stabil-
ity and trunk coordination during Nordic walking, J. Biomech.,
2022, 134, 111001.

[26] PFEUFER D., GRABMANN C., MEHAFFEY S., KEPPLER A.,
BÖCKER W., KAMMERLANDER C., NEUERBURG C., Weight bear-
ing in patients with femoral neck fractures compared to pertro-
chanteric fractures: A postoperative gait analysis, Injury,
2019, 50 (7), 1324–1328.

[27] ROERDINK M., ROELES S., VAN DER PAS S.C.H., BOSBOOM O.,
BEEK P.J., Evaluating asymmetry in prosthetic gait with step-
length asymmetry alone is flawed, Gait Posture, 2012, 35 (3),
446–451.

[28] SADEGHI H., ALLARD P., PRINCE F., LABELLE H., Symmetry
and limb dominance in able-bodied gait: a review, Gait Posture,
2000, 12 (1), 34–45.

[29] SOLEIMANIFAR M., MAZAHERI M., VAN SCHOOTEN K.S.,
ASGARI M., MOSALLANEZHAD Z., SALAVATI M., SEDAGHAT-
-NEJAD E., PARNIANPOUR M., Magnitude, symmetry and attenu-
ation of upper body accelerations during walking in women: The
role of age, fall history and walking surface, Maturitas, 2020,
139, 49–56.

[30] SUETTA C., MAGNUSSON S.P., ROSTED A., AAGAARD P.,
JAKOBSEN A.K., LARSEN L.H., DUUS B., KJAER M., Resis-
tance training in the early postoperative phase reduces hos-
pitalization and leads to muscle hypertrophy in elderly hip sur-
gery patients – a controlled, randomized study, J. Am. Geriatr.
Soc., 2004, 52 (12), 2016–2022.

[31] SZPALA A., WINIARSKI S., KOŁODZIEJ M., PIETRASZEWSKI B.,
JASIŃSKI R., NIEBUDEK T., LEJCZAK A., LOREK K.,
BAŁCHANOWSKI J., WUDARCZYK S., WOŹNIEWSKI M., No Influ-
ence of Mechatronic Poles on the Movement Pattern of Profes-
sional Nordic Walkers, Int. J. Environ. Res. Public Health,
2022, 20 (1).

[32] THINGSTAD P., EGERTON T., IHLEN E.F., TARALDSEN K.,
MOE-NILSSEN R., HELBOSTAD J.L., Identification of gait domains
and key gait variables following hip fracture, BMC Geriatr.,
2015, 15, 150.

[33] TOLO E.T., BOSTROM M.P., SIMIC P.M., LYDEN J.P.,
CORNELL C.M., THORNGREN K.G., The short term outcome of



The effect of using walking poles on the spatiotemporal gait parameters in patients who underwent surgery for hip fractures 123

elderly patients with hip fractures, Int. Orthop., 1999, 23 (5),
279–282.

[34] VOGT L., BRETTMANN K., PFEIFER K., BANZER W., Walking
patterns of hip arthroplasty patients: some observations on the
medio-lateral excursions of the trunk, Disabil. Rehabil., 2003,
25 (7), 309–317.

[35] WARLOP T., DETREMBLEUR C., BUXES LOPEZ M., STOQUART G.,
LEJEUNE T., JEANJEAN A., Does Nordic Walking restore the
temporal organization of gait variability in Parkinson’s dis-
ease?, J. Neuroeng. Rehabil., 2017, 14 (1), 17.

[36] WHITE S.C., LIFESO R.M., Altering asymmetric limb loading
after hip arthroplasty using real-time dynamic feedback when
walking, Arch. Phys. Med. Rehabil., 2005, 86 (10), 1958–1963.

[37] WILLSON J., TORRY M.R., DECKER M.J., KERNOZEK T.,
STEADMAN J.R., Effects of walking poles on lower extremity
gait mechanics, Med. Sci. Sports Exerc., 2001, 33 (1), 142–
147.

[38] WINIARSKI S., CZAMARA A., Evaluation of gait kinematics
and symmetry during the first two stages of physiotherapy after
anterior cruciate ligament reconstruction, Acta Bioeng. Biomech.,
2012, 14 (2), 91–100.

[39] YOGEV G., PLOTNIK M., PERETZ C., GILADI N., HAUSDORFF J.M.,
Gait asymmetry in patients with Parkinson’s disease and
elderly fallers: when does the bilateral coordination of gait
require attention?, Exp. Brain. Res., 2007, 177 (3), 336
–346.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


