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Abstract.  We investigated the muscle activity of the shoulder joint during single-leg standing three types
of ambulatory aid, T-shaped cane (T-cane), Quadripod cane (Q-cane) and Lofstrand crutch (L-crutch) in
which were used.  The left leg of eight healthy volunteers was assumed to be an affected leg.  All
participants were asked to keep 20% of the weight-bearing load on the ambulatory aid and the
electromyography (EMG) was recorded.  Results of the analysis of variance followed by Fisher’s PLSD
post hoc test reveal that EMG values of the medial and posterior part of the deltoid muscle were
significantly related to the three types of ambulatory aid, but the anterior part of the deltoid was not.  EMG
values of the biceps brachii, triceps brachii, and latissimus dorsi were significantly larger in T-cane and Q-
cane users than in L-crutch users, and EMG of the pectoralis major was significantly larger in Q-cane users
than in L-crutch users.  These results permit us to select an appropriate ambulatory aid for patients.
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INTRODUCTION

Several investigations of ambulatory locomotion
with cane or crutches have used motion analysis and
focused on the lower limbs1–11).  However, the
muscle activity of upper limb as a weight-bearing
limb has not been well studied12–14).  Milczarek J.J.
et al. reported that when patients with hemiparesis
use a cane to assist standing balance, the postural
sway decreases and the average position of the
center of pressure shifts forward and towards the
cane side12).  Opila K.A. et al. analyzed post-
operative orthopedic subjects using canes and

elbow crutches for the loading effect of upper limb
moment using a 3-dimensional motion capture
system13).  Reisman M. et al. investigated swing-
through axillary crutch gait to determine the effects
of gait speed, crutch length and handle position on
the forces exerted at the hands and on the moments
exerted about the elbow joints.  They reported that
changing gait speed or crutch length did not affect
elbow moment14).  Additionally, Chiou-tan F.Y. et
al. reported that the difference in the wrist joint
angle when using a cane has an effect on elbow joint
muscles’ activity during cane walking15).  The
electromyography (EMG) activity analyzed in this
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study was that of the biceps brachii, triceps brachii
and brachioradialis muscles, as well as the EMG
activity of the three parts of the deltoid, pectoralis
major and the latissimus dorsi of the shoulder joint
during the use of a T-cane, Quadripod cane or
Lofstrand crutch in the standing position.  The
present study was designed to investigate the EMG
activity of the shoulder joint muscles during single-
leg standing with T-cane, Quadripod cane and
Lofstrand crutch, in order to clarify the differences
in the upper limb muscle activities when using
different supports, to enable therapists to provide
the best cane selection for patients.

METHODS

Participants
Eight healthy, male volunteers (ages 19–31 years,

mean 21.4 years) participated in this study.  Their
average height and body weights were 170.6 cm
(164.0–177.0, ± 4.0) and 62.8 kg (56.0–74.0, ± 6.1),
respectively.  Informed consent was obtained from
all participants after explanation of the nature and
possible consequences of the study.

Ambulatory aids
Three types of ambulatory aid were used in this

study.  The T-shaped cane (IA-98H, SAKAI Corp.,
Tokyo) has a T-shaped handgrip and one point of
contact on the ground.  The Quad cane (IA-86,
SAKAI Corp., Tokyo) has four points of contact on
the ground, and the Lofstrand crutch (R-23420,
SAKAI Corp., Tokyo) has a handgrip and cuff that
supports the forearm.

Procedures
In the present study the left lower limb of the

participants was assumed to be the affected leg, and
the right limb the unaffected leg.  In the experiment,
the T-cane, Q-cane and L-crutch were held
contralateral to the affected leg side.  The length of
the cane or crutch was determined by positioning
the elbow joint at 30 -degrees flexion and the tip of
the cane or the crutch at 15 cm anterolateral of the
little toe of the unaffected leg.

The EMG activities of the shoulder joint muscles
(biceps brachii, triceps brachii, anterior, medial and
posterior part of the deltoid, pectoralis major and
the latissimus dorsi) were recorded by bipolar
surface Ag-AgCl electrodes (Ag-AgCl Blue sensor,
GE Marquette Medical Systems Japan, Ltd).  The

distance between each electrode was 1.0 cm.
Each participant was instructed to stand on the

left foot (supposed affected leg) for 5 second with a
load of 20% of his body weight (partial weight
bearing of 20% or 20%PWB) on the cane or crutch.
To monitor a constant load on the cane or the crutch,
a lower limb weight-bearing load trainer (MP-100,
ANIMA Corp., Tokyo) was attached to the foot of
the affected leg.  If the weight-bearing surpassed
80% of body weight an audible alarm was set off.
The loading was confirmed with force plate (OR6-
6-2000, AMTI, MA) measurement data during the
data collection.  When the required weight-bearing
on the affected leg was exceeded, the measurement
was considered invalid for data analysis.

The EMG activity at maximum voluntary
isometric contraction (MVC) of the upper limb
muscles was measured for normalizing the EMG
activities in the standing position.  The MVC was
measured in the supine position with the shoulder
abducted at 10 degrees and the elbow flexed at 30
degrees, the same angles as when the subject had
20%PWB in the standing position.  The trunk,
pelvis and both lower limbs were fixed with belts
during the MVC measurement.  We conducted two
trials with each participant and gave them the 3
minutes rest between the trials of the 5-second
MVC test to minimize muscle fatigue.  Prior to the
experiment, participants were allowed a number of
practices to make them proficient at the task.

Data acquisition

Joint angle
Joint angles of the upper limb were measured by

using a 3-dimensional motion capture system
(VICON512, Oxford Metrics Ltd., Oxford) with 6
charge-coupled device cameras (sampling
frequency: 60 Hz).  The angle of the shoulder joint
was determined from the positions of three infrared
ray markers on the elbow (lateral epicondyle of the
humerus), the shoulder (acromion) and the hip (the
point of the proximal two-third of the line from the
greater trochanter to the anterior superior iliac
spine).  The angle of the elbow joint was determined
by three markers on the shoulder, the elbow
(olecranon) and the wrist (styloid process of the
ulna).

EMG analysis
The EMG signals were recorded at a sampling
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rate of 1 kHz, using a pre-amplifier (DPA-10PB-
J16, DIA MEDICAL SYSTEM), EMG amplifier
(BIOTOP, NEC SANEI) and a 12 bit A/D converter
(ADXM-98FX, Contec, Kobe).  The EMG signals
were band-pass filtered from 10 Hz to 500 Hz and
full-wave rectified.  The integrated electromyography
(IEMG) was calculated when the PWB was kept
consistent for 3 seconds at 20%PWB.

The IEMG values of MVC of each muscle were
calculated over 500 msec.  The recording was made

Fig. 1. Electromyography of the shoulder joint muscles in standing with three types
of ambulatory aid.

Table 1. Shoulder joint angles of the upper limb in standing
with ambulatory aids [ ° ]

Extention Abduction

T-cane 3.8 ± 2.1 12.8 ± 6.9
Q-cane 2.9 ± 1.4 13.3 ± 5.8
L-crutch 1.8 ± 1.1 7.9 ± 3.1

n=8, mean ± S.D.
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from 250 msec before and after  maximum
amplitude.  The largest EMG amplitude of each
muscle out of 2 MVC trials was used in the analysis.
The EMG activities in the standing position were
normalized (%IEMG) based on the IEMG of MVC.

Data analysis
EMG activity was analyzed by analysis of

variance followed by Fisher’s PLSD post hoc test.
The significance level for all statistical analysis was
chosen as p<0.05.

RESULTS

Figure 1 shows an example of the EMG activities
of the shoulder joint muscles during standing with
20%PWB using the T-cane, Q-cane and L-crutch.
A total of 5 seconds of EMG were recorded, and the
last 3 seconds were analyzed.  The EMG activity
results shows that the biceps brachii, triceps brachii,
medial and posterior part of the deltoid, pectoralis
major and latissimus dorsi were larger with the T-
cane and Q-cane than with the L-crutch.

Table 1 shows the average shoulder joint angles
of the upper limb with ambulatory aids of all
participants.  The values of the shoulder joint angles
are the averages of the analyzed period of 3
seconds.

Average %IEMG values of each muscle of all the
participants are shown in Table 2.  The %IEMG
values were significantly different among the three

types of the ambulatory aid in the deltoid medial
and deltoid posterior muscle parts (p<0.05), but not
in the anterior part of the deltoid muscle.  The
%IEMG values of the biceps brachii, triceps brachii
and the latissimus dorsi were significantly larger in
T-cane or Q-cane use than in L-crutch use.  For the
pectoralis major, %IEMG value was significantly
larger in Q-cane use than in L-crutch use (p<0.05).

DISCUSSION

The values of %IEMG for the biceps brachii and
triceps brachii were significantly larger in T-cane or
Q-cane use than in L-crutch use.  This result
suggests that the biceps brachii and triceps brachii
co-contract to keep the stability of the elbow joint
when the T-cane or Q-cane are held to stabilize
against swaying.  The EMG activities have a direct
relation to the joint moment16).  In general, when the
weight-bearing load is on the cane, the force of the
floor reaction vector to the T-cane is adjusted in
such a way that it goes through the long axis of the
cane to prevent excessive joint moment at the wrist.
Moreover, the distance between the force vector
and the elbow joint or the shoulder joint is large,
thus, the shoulder and elbow joint moment are
la rge1 7 ) .   In  a  previous  s tudy i t  has  been
demonstrated that the muscle activity of the
shoulder in T-cane use is larger than in L-crutch use
during walking with 20%PWB17).  This result
suggests that the distance from the elbow joint to the

Table 2. %IEMG values of the shulder joint muscles in standing with three types of ambulatory aid
[%]

T-cane Q-cane L-crutch 

Biceps brachii   2.1 ± 0.5   1.9 ± 0.6   1.4 ± 0.5 4), 5)
Triceps brachii   23.5 ± 15.6 17.7 ± 7.4   8.9 ± 3.6 2), 5)
Deltoid anterior part   2.9 ± 1.5   2.6 ± 1.7   3.7 ± 1.7
             medial part   6.7 ± 2.8   4.9 ± 2.1   3.1 ± 1.2 1), 2), 5)
             posterior part   5.1 ± 1.7   3.5 ± 1.5   2.0 ± 0.9 1), 2), 5)
Pectoralis major 15.8 ± 7.1 19.7 ± 8.3 11.7 ± 4.4 4)
Latissimus dorsi   22.8 ± 12.6   27.9 ± 13.8 15.1 ± 4.7 3), 4)

1) T-cane–Qcane p<0.05
2) Q-cane–L-crutch p<0.05
3) T-cane–L-crutch p<0.05
4) Q-cane–L-crutch p<0.01
5) T-cane–L-crutch p<0.01
ANOVA and Fisher’s PLSD post-hoc test were used to test for differences in the values of %IEMG
among the T-shaped cane, Quadripod cane and Lofstrand crutch.  Error bars indicate standard
deviation (S.D.). n=8.
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line of the force vector might become longer when
using the T-cane or Q-cane, since the floor reaction
force vector passes through near the wrist joint
(Figs. 2 and 3).  Therefore, the elbow joint moment
and the %IEMG values of the biceps brachii and
triceps brachii would be larger.  On the other hand,

low EMG activities were observed in the biceps
brachii and triceps brachii during use of the L-
crutch.  The L-crutch has a cuff attached around the
antebrachial region that stabilizes the wrist joint,
and the floor reaction force vector to the crutch is
directly applied to the shoulder and the elbow

Fig. 2. Relation between floor reaction force vector and shoulder,
elbow and wrist joint in standing with T-shaped cane.  FT:
floor reaction force vector on T-cane.  ST: distance between
floor reaction force vector and shoulder joint.  ET: distance
between floor reaction force vector and elbow joint.  WT:
distance between floor reaction force vector and wrist joint.

Fig. 3. Relation between floor reaction force vector and shoulder,
elbow and wrist joint in standing with Quadripod cane.  FQ:
floor reaction force vector on Q-cane.  EQ: distance between
floor reaction force vector and shoulder joint.  EQ: distance
between floor reaction force vector and elbow joint.  WQ:
distance between floor reaction force vector and wrist joint.
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joints18).  Thus, the L-crutch can support a heavier
load than the T-cane or the Q-cane, which are held
only by the handgrip17).  The elbow joint moment
seems to be small when using the L-crutch because
the force vector passes through near the elbow joint
(Fig. 4).  Therefore, the %IEMG values of the
biceps brachii and triceps brachii are likely smaller
in L-crutch use.

The values of %IEMG of the medial and posterior
part of the deltoid, pectoralis major and the
latissimus dorsi were significantly larger in T-cane
and Q-cane use than in L-crutch use.  This result
suggest that the force vector in T-cane or Q-cane
might go though near the wrist and away from the
shoulder (Figs. 2 and 3).  However, in L-crutch the
force vector might go through near the shoulder
joint (Fig. 4)17).

Understanding the different effects of these three
types of ambulatory aid would help therapists to
choose an appropriate assistive device for patients
with different disorders.  The use of the L-crutch
requires less muscle activity of the shoulder joint
and supports a heavier load and would work most
effectively for a patient who needs to support a
heavy load with minimum upper limb support, such
as a patient who had upper and lower limbs injured
in a traffic accident.  The T-cane or Q-cane might be
selected for an elderly or orthopedic patient with an

impaired unilateral lower limb, who does not need
to support a heavy load, and needs only balancing
assistance19–21).

LIMITATIONS OF STUDY

The data analyzed in this study were obtained
with a protocol of only 20% of PWB.  Furthermore
the participants were all healthy volunteers who
didn’t use ambulatory aids.  Thus, further studies
are underway to examine the effect of the Q-cane,
T-cane and L-crutch in patients, to confirm if the
results seen in this study are appropriate for use in
clinical practice.  
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