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Abstract

Background: Individuals rely on canes to restore function when
facing a mobility issue. In acute care, there is no evidence of the
best new cane with a single point for patients. Jointed canes have
been favored by some because it mimics the ankle joint. The most
common jointed cane is called the Hurricane. There have been no
studies that demonstrate these claims. Also, there are no studies
which compare single point canes to jointed canes.

Purpose: The purpose of our study is to assess the effect of the
jointed cane, offset cane, and single axis cane (SAC) on energy
expenditure and distance ambulated.

Methods: Fifty healthy subjects performed two timed tests while
using the three types of canes and wearing pedometers. Blood
pressure, heart rate and rate of perceived exertion were taken
before and after the timed tests.

Results: A repeated measures ANOVA assessed non-significant
differences between the canes on energy variables. Main effects
were found on distance measures, F=163.88, p=.00 (2MWT) and
F=4.44,p=.01 (6MWT). Paired t-tests assessed distance differences
as p=. 01 for the jointed cane/ SAC; p=.03 offset cane /jointed cane.

Conclusion: This was the first study to assess the jointed cane
compared to the offset single point cane and traditional handle
single point cane. The results demonstrate less distance traveled
with the jointed cane as compared to the other canes on timed tests.
Energy expenditure was similar regardless of cane type.
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Introduction

Canes are prescribed for instability, such as balance deficits and
gait abnormalities. Persons recently hospitalized are about 30% more
likely to require a mobility device [1]. There are many cane styles with
differences in the base, handle and now the shaft that simulates ankle
joint motion. This study assessed for differences between the single
axis canes (SAC), offset cane, and the jointed cane, and the impact
they have on energy expenditure and distance ambulated. Energy
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expenditure is the physical demand required by an individual's
workload. It is a vital measure in relation to work efficiency and how
an individual responds to demands placed on the body. To investigate
energy expenditure, heart rate and oxygen uptake are tools that can
accurately measure energy consumption. Heart rate is a valid and
reliable index of exercise intensity under controlled conditions. Heart
rate proves to be linearly related to oxygen uptake and energy cost
under submaximal workloads [2]. In addition, the rate of perceived
exertion (RPE) is used to quantify an individual's perception of the
physical demands of any activity. The most widely used RPE tool is
known as the Borg scale. The Borg scale is a psychophysical, scale with
rating ranges from 6 (no exertion) to 20(max exertion) catagorical
(3,4].

A study conducted by Jeong et. al., found that the single axis cane
was associated with significantly greater energy efficiency, longer
distance ambulated, and higher velocity than the quad cane and
hemi-walker [5]. This study showed that the single axis cane was more
efficient than the hemi-walker and quad cane because it provided
the subject with less travel time, greater distance, and walking speed
within the six minutes of the test. This finding is supported by the
fact that in healthy individuals, there is a positive linear correlation
between oxygen expenditure and walking speed [6]. These findings
suggest that using a single axis cane to increase balance will facilitate
the individual in decreasing the use of less optimal gait patterns that
increase energy cost, such as increased muscle co-contraction and
step frequency [7].

The handle of the offset cane has a specific purpose to aid in
balance support with comfort. In those with wrist pathology, an offset
handle allows an individual to feel more comfortable while still getting
the benefits of the cane’s function [8]. The handle is designed in a
way where it allows the person’s body weight to be evenly distributed
over the shaft of the cane. The design calls for a decrease in extension
moment while using the cane [9]. However, Beasley et al., recently
found that there was no difference in pressure applied when grasping
using different types of canes [10]. The jointed cane is a special type of
cane that is relatively new to the market. The most common jointed
cane is called the Hurricane. According to customer reviews, it is
considered to be the best cane they’ve ever used. This cane can stand
on its own, has a pivoting base for added stability, a comfortable
handle, and can be folded up for convenience [11]. However, the
available research on this cane is very limited and difficult to obtain.
For this reason, more research needs to be conducted on the benefits
of ajointed cane and how this may differ from the other types of canes.
The base of the jointed cane can pivot similar to the ankle joint in the
human body, which increases balance and stability while walking on
uneven terrain [11].

The 6 minute walk test (6MWT) and 2-minute walk test 2MWT)
are reliable tools in measuring energy expenditure and endurance. The
6MWT has been widely used to assess functional ability and capacity
due to its easy execution and interpretation. The 6MW'T performance
has become the most common method for estimating functional
capacity in individuals with a number of health conditions [12]. In
some instances, it was difficult to complete the entire test; therefore,
the 2 MWT was alternatively developed as an alternative walk test.
According to Bohannon, et. al., the distance walked over 2 minutes
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for the 2 MWT, can be a legitimate alternative to the distance walked
over 6 minutes [13]. Overall, both tests are deemed reliable and valid
in the community to measure gait speed, energy expenditure and
distance ambulated [13]. The distance an individual ambulates can
be measured using a pedometer. These devices are low cost, accurate,
and unobtrusive [14]. Elsworth et al., found pedometers to be reliable
and accurate at measuring step counts in 13 healthy subjects at a mean
age of 29 years [15]. The Yamax Digi-Walker SW-651 pedometer
has been found to be a valid resource during the 6 minute walk test
(6MWT) among healthy adults with a 3% actual step count [14].
We hypothesized that utilizing the jointed cane during gait would
decrease energy expenditure compared to an offset cane and single
axis cane due to its design.

Methods

Fifty subjects (21 males and 29 females), between the ages of
18-35, were recruited to participate in this IRB approved study.
All participants were college students from New York Institute
of Technology (NYIT)-Old Westbury campus. This study was a
repeated measures design. Inclusion criteria required healthy
individuals with no joint pain, the ability to ambulate with a cane
safely, and being sedentary (exercise less than 2 times a week).
Exclusion criteria included those who took medications that
could possibly produce a blunted heart rate, painful gait, exercised
greater than twice a week, individuals with an active medical
problem, and lastly, pregnancy.

After subjects were consented, resting vitals were recorded, to
including HR, BP, and RPE. In order to accurately calculate distance,
stride length was recorded for each participant. This permitted the

research staff to accurately set the pedometer for each subject. Each
subject performed three separate trials where they were randomly
given one of the three canes (SAC, offset, jointed cane) and
participated in the 2-minute walk test 2MWT) and 6-minute walk
test (6MWT). Each subject began with the 2MWT to get accustomed
to the protocol, next the 6MWT was completed. Vital signs were
collected before and after each trial. Both the 2MWT and 6MWT were
completed using a 30 meter track, with each subject wearing a DIGI-
WALKER SW-651 pedometer [15]. Participants were instructed to
cover as much distance as possible in both the 2MWT and 6MWT
using a comfortable and continuous pace. In addition, at the end of
each trial, pedometer readings and RPE were recorded.

Results

A Repeated Measures ANOV A was used to calculate the collected
data within one group for dependent variables. An alpha level of
p<0.05 was used for all statistical comparisons. A paired t-test was
used to establish origins of main effects between the three canes. Table
1 demonstrates non-significant energy differences (BP, HR, RPE)
between the three canes; however, significance was found on distance
measures. Further analysis was done to determine the origin of the
main effect of distance. As seen in Table 2, paired sample t-tests in
regards to the 6SMWT, demonstrate the difference in distance achieved
with the jointed cane versus the single point canes. A graphical
representation of this is seen in Figure 1.

Discussion

The purpose of this study was to assess for differences in energy
consumption and timed distance ambulated using three different

Table 1: Multivariate results for energy consumption and distance variables. Main effect noted on distance factor.

2MWT F Value p Value (<.05) SMWT F Value :’ <‘:)a5')“e
Bl Pressure Bl Pressure
(mmHg) 1.51 .32 (mmHg) A3 .87
Heart Rate (bpm) .78 46 Heart Rate (bpm) 1.38 .25
RPE (6-20) .64 .52 RPE (6-20) 48 .61
Distance (m) 163.88 .00* Distance (m) 4.44 .01*
*Significant p<.05

Table 2: Paired T-test for dependent distance variables.
Paired Samples .
Test 6MWT Pairs t-test P Value
Pair 1 Offset-Hurricane -2.15 .03*
Pair 2 Hurricane-SAC -26.76 .01*
Pair 3 Offset-SAC 722 47

*Significant < .05

Figure 1: Bar graph demonstrating the mean distance (m) for the 3 canes.
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cane designs. This is the first study comparing the jointed cane, with
single point canes. The three independent variables assessed in our
study were the three different canes. The dependent variables assessed
were HR, BP, RPE, and distance ambulated. The difference in heart
rate between the trials with the three canes was not significant;
however, heart rate was lower in subjects who used the jointed cane.
This however did not achieve significance. This also suggests that the
jointed cane may have decreased the energy cost throughout the six
minutes, because the person walked slower and covered less distance
causing the person to walk slower and cover less distance. The jointed
cane may reduce the user's gait velocity more substantially than the
single point canes. The average gait velocity of the jointed cane was
significantly less compared to the average velocities of the SAC and
offset cane. Slower gait velocities lead to an increased risk of falls and
inefficiency in energy expenditure. Enhanced quality of life can result
from improvements in gait velocity [4]. Therefore the jointed cane
may not be a good choice for enhancing gait velocity. As seen in the
results, there were no significant findings between the three canes in
regards to energy consumption. Therefore, we reject our hypothesis
that the jointed cane would reduce energy expenditure when
compared to the offset cane and single axis cane. There was however
a significant difference between the distances ambulated with the
jointed cane compared to the offset and SAC. This indicated that the
jointed cane did not elicit distances comparable to the offset cane and
SAC. Therefore, the jointed cane caused the main effect among the
other canes. In fact, as observed in Figure 1, there is a demonstrable
significant decrease in distance.

We posit that the increased base of support and the external
replication of an ankle joint provided by the jointed cane resulted in
fewer steps taken and hence, less distance. The SAC and the offset
handle cane allowed subjects to take more steps and ambulate longer
distances. The SAC and offset cane weigh less than the jointed cane
and do not have the distal weight at the end of the cane compared
to the jointed cane. This is supported by Jeong et al., who found gait
endurance and gait velocity were greater, while the energy cost was
lower in the single point cane compared to the hemi-walker and
quad cane [5]. Clearly the weight and bulk played a role. In addition,
this research adds to the evidence base of clinical relevance in cane
selection. Optimal prescription of assistive ambulation devices must
take into account multiple variables; including but not limited to
weight of the cane, handle, size of the cane base and the environment
in which the person will use the device. According to Chetta et al., 6
minute walk distance ranges from 400-700 meters in healthy young
subjects without assistive devices [16]. However, in our study, overall
distance ambulated is reduced with the use of all canes. The average
distance in a 6MWT with a SAC, offset, and jointed cane is 396.22
meters, 389.46 meters, and 373.69 meters, respectively as shown in
Figure 1. This indicates that the use of any assistive device results
in fewer steps over time. Utilizing an assistive device for a healthy
individual is not efficient. Limitations of this study include the
fact that our subjects were all healthy, young college age students.
Another factor that limited this study may have been our sample
size. Increasing the sample size can improve the power of this
study, further validating the research. Further research should
include a population with impairments that requires the use of a
cane for ambulation. Other studies that apply more sophisticated
measures of energy consumption would be beneficial. Another
factor to consider or investigate is utilizing the cane over different
terrains and its effects on energy expenditure and distance
ambulated.

Conclusion

In conclusion, this is the first study to investigate energy
expenditure and distance traveled with the 6 minute and 2 minute
walk test, while walking with three different cane types in healthy,
young individuals. This study found that distance was significantly
lower in participants who ambulated with the jointed cane, compared
to the SAC, and offset cane. Further research is required with
improved measures of energy expenditure and should be conducted
on an impaired or elderly population, who requires a cane.

References

1. Stephen KH, Taewoon K, Michell LP (2000) Mobility device use in the United
States. In: Disability Statistics Report. US Department of Education, National
Institute on Disability and Rehabilitation Research. Washington, DC, United
States of America.

2. Astrand PO, Rodahl K (1997) Textbook of Work Physiology, (2" edtn),
McGraw-Hill Inc, New York, USA.

3. Lippincott, Wiliams & Wilkins (2010) ACSMs Guidelines for Exercise Testing
and Prescription, (8" edtn), Wolters Kluwer/Lippincott Williams & Wilkins,
Philadelphia, USA.

4. Borg G (1998) Borg's Perceived exertion and pain scales, Champaign, IL
Human Kinetics, United State of America.

5. Jeong YG, Jeong YJ, Kim T, Han SH, Jang SH, et al. (2015) A randomized
comparison of energy consumption when using different canes, inpatients
after stroke. Clin Rehabil 29:129-34.

6. Kelly JO, Kilbreath SL, Davis GM, Zeman B, Raymond J (2003)
Cardiorespiratory fitness and walking ability in subacute stroke patients. Arch
Phys Med Rehabil 84: 1780-1785.

7. ljmker T, Houdijk H, Lamoth CJ, Jarbandhan AV, Rijntjes D, et al. (2013)
Effect of balance support on the energy cost of walking after stroke. Arch
Phys Med Rehabil 94: 2255-2261.

8. Melanie Diez (1997) Canes Analysis and Recommendations for Improvement.

9. Joyce BM, Kirby RL (1991) Canes, crutches and walkers. Am Fam Physician
43: 535-42.

10. Beaseley J, Kenynon L, Midena A, Cahrtier J, Meyers K, et al. (2017) Cane
handle designs- Pressure and preference: A pilot study. J of the Acute Care
Phys Ther 8: 58- 64.

11. https://www.hurrycane.com

12. Serra AJ, De carvalho Pde T, Lanza F, Flandes Cde M, Cardoso SS, et al.
(2015) Correlation of six-minute walking performance with quality of life is
domain- and gender-specific in healthy older adults. PLoS One 10: e0117359.

13. Bohannon RW, Bubela D, Magasi S, McCreath H, Wang YC, et al. (2014)
Comparison of walking performance over the first 2 minutes and the full 6
minutes of the Six-Minute Walk Test. BMC Res Notes 7: 269.

14. Southard V, De Francisco-Donghue J (2014) The 6MWT: Validity of a
Pedometer and Instruction on 15 m and 30 m Courses in Adults with
Parkinson’s Disease. J Geriatrics Palliative Care 2: 4.

15. Elsworth C, Dawes H, Winward C, Howellset K, Collett J, et al. (2009)
Pedometer step counts in individuals with neurological conditions. Clin
Rehabil 23: 171-175

16. Chetta A, Zanini A, Pisi G, Aiello M, Tzani P, et al. (2006) Reference values
for the 6-min walk test in healthy subjects 20-50 years old. Respir Med 100:
1573-1578.

Author Affiliations Top

Department of Physical Therapy, New York Institute of Technology, United
States of America

e Page 30f3 e


mailto:http://trove.nla.gov.au/work/11002082?selectedversion=NBD778113
mailto:http://trove.nla.gov.au/work/11002082?selectedversion=NBD778113
mailto:https://www.worldcat.org/title/acsms-guidelines-for-exercise-testing-and-prescription/oclc/351296137
mailto:https://www.worldcat.org/title/acsms-guidelines-for-exercise-testing-and-prescription/oclc/351296137
mailto:https://www.worldcat.org/title/acsms-guidelines-for-exercise-testing-and-prescription/oclc/351296137
http://www.worldcat.org/title/borgs-perceived-exertion-and-pain-scales/oclc/38002592
http://www.worldcat.org/title/borgs-perceived-exertion-and-pain-scales/oclc/38002592
mailto:http://journals.sagepub.com/doi/abs/10.1177/0269215514543932
mailto:http://journals.sagepub.com/doi/abs/10.1177/0269215514543932
mailto:http://journals.sagepub.com/doi/abs/10.1177/0269215514543932
mailto:http://europepmc.org/abstract/med/14669183
mailto:http://europepmc.org/abstract/med/14669183
mailto:http://europepmc.org/abstract/med/14669183
mailto:http://europepmc.org/abstract/med/23702394
mailto:http://europepmc.org/abstract/med/23702394
mailto:http://europepmc.org/abstract/med/23702394
http://ergo.human.cornell.edu/ergoprojects/97projects/diez.htm
mailto:http://www.citeulike.org/group/408/article/200806
mailto:http://www.citeulike.org/group/408/article/200806
mailto:http://journals.lww.com/jacpt/Abstract/2017/04000/Cane_Handle_Designs_Pressure_and_Preference___A.3.aspx
mailto:http://journals.lww.com/jacpt/Abstract/2017/04000/Cane_Handle_Designs_Pressure_and_Preference___A.3.aspx
mailto:http://journals.lww.com/jacpt/Abstract/2017/04000/Cane_Handle_Designs_Pressure_and_Preference___A.3.aspx
https://www.hurrycane.com
mailto:http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0117359
mailto:http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0117359
mailto:http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0117359
mailto:https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-7-269
mailto:https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-7-269
mailto:https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-7-269
http://www.avensonline.org/fulltextarticles/JGPC-2373-1133-02-0009.html
http://www.avensonline.org/fulltextarticles/JGPC-2373-1133-02-0009.html
http://www.avensonline.org/fulltextarticles/JGPC-2373-1133-02-0009.html
mailto:http://journals.sagepub.com/doi/abs/10.1177/0269215508098895
mailto:http://journals.sagepub.com/doi/abs/10.1177/0269215508098895
mailto:http://journals.sagepub.com/doi/abs/10.1177/0269215508098895
mailto:https://www.infona.pl/resource/bwmeta1.element.elsevier-9185f129-b7c8-3444-b879-3c9700d53440
mailto:https://www.infona.pl/resource/bwmeta1.element.elsevier-9185f129-b7c8-3444-b879-3c9700d53440
mailto:https://www.infona.pl/resource/bwmeta1.element.elsevier-9185f129-b7c8-3444-b879-3c9700d53440

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Figure 1
	Table 1
	Table 2
	References

