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ELECTROMYOGRAPHY MUSCLE TESTING DEMONSTRATES A HANDS-
FREE SINGLE CRUTCH MAINTAINS SUPERIOR IN-PHASE MUSCULAR

CONTRACTIONS THAN STANDARD AXILLARY CRUTCHES

CUYLER DEWAR
ABSTRACT

BACKGROUND: In order to maintain non-weight bearing restrictions of the lower
extremity, an assistive device must be utilized. Currently most devices require the
restricted limb to be held in a static position while the contralateral extremity provides
forward propulsion. Atrophy and disuse conditions ensue rapidly, slowing healing and
prolonging recovery. A hands-free single crutch (HFSC) utilizes both lower extremities,
potentially reducing atrophy. The purpose of this study was to examine the
Electromyography (EMG) differences between a HFSC and standard axillary crutches
(SAC).
METHODS: A prospective, crossover study was performed using 21 healthy volunteers
from an active duty foot and ankle clinic. Demographic data was obtained and then
subjects were fitted with a HFSC and SAC. Wireless surface EMG sensors were applied
to the belly of the rectus femoris (RF), vastus lateralis (\VL), lateral gastrocnemius (LG),
and the gluteus maximus (GM) by a board-certified orthopedic surgeon. Subjects then
ambulated at a self-selected velocity for 30 meters, while 15 seconds of the gait cycle was
recorded for each device. Mean muscle activity and the maximum voluntary isometric

contraction (MVIC) were recorded.



RESULTS: The RF, GM, and LG showed statistically significant increased levels of
muscle activity while using the HFSC compared to SAC (respectively P = 0.05, P =
0.03, P =0.03). The VL did not show statistically higher muscle activity while using the
HFSC (P = 0.051). The RF, GM, and VL showed statistically significant higher MVIC
percentages while using the HFSC compared to using SAC (respectively P = 0.005, P =
0.005, P = 0.013). The LG did not show statistically higher MVIC percentage while
using the HFSC (P = 0.076).

CONCLUSION: The HFSC subjects demonstrated increased muscle recruitment and
intensity while maintaining cyclic contractions consistent with bipedal gait pattern. SAC
demonstrated less recruitment and intensity with an isometric pattern regardless of the

phase of gait.
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INTRODUCTION

Lower extremity injuries occur frequently and impact many different populations
including the general public, athletes, and those in the military (Hulkko 1987, Hauschild
2018). Lower extremity injuries include ankle sprains, stress fractures, and others
(Greaser 2016, Hulkko 1987). Within the military, the most common training injuries
occur in the lower extremity (Hauschild 2018). Foot and ankle injuries are one subset that
account for a large proportion of lower extremity injuries. Hunt et al. (2017) found that
foot and ankle injuries accounted for 27% of musculoskeletal injuries in athletes and 21%
of those injuries caused the athlete to miss time from the sport (Hunt 2017). In the
military population, it was found that ankle injuries were the second most prevalent in
males and foot injuries were the second most prevalent in females while carrying a load
(Orr 2016). One type of foot and ankle injury is a stress fracture which occurs when
bones are exposed to repeated overuse and can worsen or accumulate over time if not
identified upon onset of the fracture (Welck 2017). Stress fracture incidence in the
general population has been found to be 1% but increases to 15% in athletes, specifically
runners, and are a major cause of disability (Greaser 2016, Hulkko 1987). Wentz et al.
(2011) found that the incident rate of stress fractures in the military was 3% for males and
9.2% for females, with those percentages increasing for athletes to 6.5% for males and
9.7% for females (Wentz 2011).

Many lower extremity injuries require a period of non-weight bearing to allow for

healing and the duration of that non-weight bearing can vary depending on many factors



including injury pattern and medical comorbidity (Kubiak 2013, Swart 2015). To aid in
the patient’s period of non-weight bearing, physicians have many different ambulatory
aids that they can prescribe including crutches, canes, walkers, scooters, and wheelchairs
(Kocher 2016, Holder 1993). The goal of these ambulatory aids is to improve the
balance, mobility, base of support, and independence of the patient, while allowing the
injured lower extremity to remain non-weight bearing (Bateni 2005, Bradley 2011).
Ambulatory aids function by facilitating patient’s movement, while transferring their
body weight from the injured area to another part of the body (Sanders 2018). Given the
myriad of available ambulatory aids and the different circumstances that patients face,
physicians need to acknowledge the benefits and costs of each device before prescribing
one for use. Physicians should consider weight bearing restrictions, ambulation
requirements, type of injury, disabilities, fitness, cognitive factors, patient preference and
patient compliance (Faruqui 2010). Patient compliance is particularly important because
patients are not always compliant in using the devices in the correct manner or may not
maintain non-weight bearing status (Martin 2019, Kubiak 2013). Even if a physician
chooses the correct ambulatory aid, there may be insufficient time during an office visit
for training and instruction on how to properly use the ambulatory aid (Hook 2003). This
could lead to non-compliance or an inability for the patient to realize their preference for
an assistive device.

The most prescribed and used ambulatory aid for non-weight bearing after a lower
extremity injury is standard axillary crutches (Martin 2019, Holder 1993). Though

standard axillary crutches (SAC) provide the benefit of allowing the patient to have



increased movement, there are also negative implications to their use. SAC require twice
as much energy to ambulate compared to normal walking (Fisher 1981). This increase in
metabolic demands can make it difficult for a patient to travel longer distances (Bradley
2011). Additionally, SAC can increase the user’s risk of falling and can also cause injury
(Bateni 2005). Since SAC shift the body weight load from the non-weight bearing leg to
the upper extremities, upper body strength and proper technique are required to use them
correctly (Bateni 2005, Bradley 2011, Warees 2020, Hook 2003). In patients with low
levels of upper body strength or in those who use the device incorrectly, injuries may
occur to the axillary and radial nerve or may result in brachial plexus compressive
neuropathy (McFall 2004, Raikin 1997). In addition to possible injury while bearing
weight in the upper extremity, since the patient must use both arms to operate SAC, they
become restricted ambulators that cannot use their hands or arms while moving (Waters
1987).

Though injury and exertion are adverse effects of SAC, the primary negative to
SAC is the atrophy of muscles in the non-weight bearing extremity (Clark 2004). Since
the injured leg is held in a static position and not used for its normal role in the gait cycle,
the muscles normally used for walking (gait) have a decreased load and their inactivity
results in atrophy (Clark 2009). In a study done by Campbell et al. (2013) it was found
that while in unilateral lower limb suspension, the unloaded muscles lost muscle mass at
a rate of 0.4% per day (Campbell 2013). Though patients have varying non-weight
bearing timelines, atrophy has been found to commence rapidly (Wall 2013, Wall 2014).

In addition to atrophy, decreased muscle activity leads to a greater chance of developing



deep vein thrombosis (DVT), as muscle contraction in the lower extremities helps
promote increased venous return (Faghri 1997).

To combat the negative side effects of SAC and to help improve the quality of life
of patients dealing with non-weight bearing after a lower extremity injury, there are new
hands-free single crutch (HFSC) products that allow the patient to ambulate without
having to use their arms. Though not all patients recovering from lower extremity injuries
may use these devices, those with foot or ankle injuries are able to use the HFSC since
the injured leg is held in a horizontal position, loading the body weight onto the knee and
upper leg (Figure 1 and 2). One such HFSC is the iIWALKFree (IWALKFree, Mansfield,
ON) seen in Figures 1 and 2. The HFSC fulfills the non-weight bearing requirement
while allowing the patient to use a 2-point alternating gait (Martin 2019). In addition to
increased mobility, one study found that participants preferred using the iIWALKFree
while simulating non-weight bearing conditions, over SAC, due to decreased perceived
levels of discomfort and exertion necessary to use the device (Martin 2019). Other studies
have shown that devices similar to a HFSC result in muscle activity that is less deviated
from that of walking without an ambulatory aid, when compared to muscle activity while
using axillary crutches (Sanders 2018). To determine if there is a difference in muscle
activity while using the HFSC compared to SAC, muscles involved in the normal gait

cycle will be studied using electromyography.



Standard Axillary Crutches

Crutches are ambulatory assistive devices designed to allow for the transfer of
body weight from one of the lower extremities to both upper extremities (Warees 2020).
There are three types of crutches: forearm, platform, and axillary crutches (Warees 2020).
Standard axillary crutches (SAC) are the most prescribed crutch overall and specifically
for lower extremity injuries that require a period of non-weight bearing (Kocher 2016,
Warees 2020, Holder 1993). An image of SAC can be seen in Figure 3. SAC are a 3-
point crutch that function by allowing one lower extremity to be non-weight bearing,
while the two crutches and the other uninjured leg provide stabilization and movement
(Warees 2020, Waters 1987). To ensure proper use, the crutches should be optimally
fitted to the patient’s height with the shoulder pads being two inches lower than the axilla
(Warees 2020). The hand grips should be low enough to allow for 30-degree flexion of
the elbow and the base of the crutches should be six inches from the lateral side of the
patient’s foot (Warees 2020). After fitting, the shoulder pads of the device should not be
rested against the axilla (arm pit area) at any time as this can cause injury and increased
strain on the upper extremities (Warees 2020). While using SAC for non-weight bearing
ambulation, the non-weight bearing leg should be held in a static position off of the
ground with enough height to ensure that the foot will not make contact with the ground,
but not so high to cause muscle fatigue. Then the patient will ambulate by using a three-
point gate in which the right and left crutch move forward together, followed by the non-
injured weight bearing leg (Warees 2020). That cycle is repeated for continuous

movement.



Standard axillary crutches have many benefits for patients who are non-weight
bearing. Compared to other assistive ambulatory devices, SAC are an inexpensive option
for patients (Hook 2003). This makes them easily accessible no matter the patient’s
financial or insurance situation. SAC are also one of the best options for short term use
and for patients with strong upper bodies (Warees 2020, Hook 2003). Since the upper
extremities and torso take on the body mass that was previously supported by the now
non-weight bearing extremity, those with strong upper bodies are well suited to ambulate
with SAC. Most importantly, SAC allow for patients to have increased mobility and
independence while in a non-weight bearing state which can improve quality of life
during recovery (Bateni 2005, Bradley 2011).

Though SAC have many benefits, they also have musculoskeletal, metabolic, and
lifestyle disadvantages (Bradley 2011). If the patient does not have strong upper
extremities, SAC can be difficult to use and can require a lot of effort to ambulate
(Martin 2019, Hook 2003). It has been found that crutches require twice as much energy
during ambulation as walking, as well as higher levels of perceived exertion when
compared to other ambulatory aids (Kocher 2016, Martin 2019, Fisher 1981). Since the
upper extremities are supporting part of the patient’s body weight, increased strain on the
shoulders can lead to injury (Waters 1987). Injuries can result from using SAC with
proper technique, but also occur due to patients incorrectly using SAC by resting their
body weight on the crutch’s shoulder pads during movement (Kubiak 2016, McFall
2004). Injuries that can result include damage to the axillary nerve or artery, as well as

possible brachial plexus compressive neuropathy (McFall 2004, Raikin 1997).



Additionally, since both arms and hands are needed to operate SAC, users become
restricted ambulators that cannot use their upper extremities while ambulating (Waters
1987).

As with other non-weight bearing ambulatory devices, one of the major
disadvantages to using SAC is the muscle atrophy that occurs due to unloading (Clark
2004). Non-weight bearing patients using SAC hold their injured leg in a static position
while ambulating. This lack of movement and load results in inactivity of the skeletal
muscles in that limb, leading to muscle atrophy (Clark 2004). Though crutches are
normally used for short periods, substantial atrophy can commence rapidly after disuse of

lower extremity muscles (Wall 2014).

Hands-Free Single Crutch

The hands-free single crutch (HFSC) is designed to allow for a 2-point altering
gait with no upper extremity stabilization needed during ambulation (Martin 2019).
Unlike standard axillary crutches (SAC), the HFSC attaches to the non-weight bearing
leg and allows the uninjured area to maintain weight bearing during ambulation, while
the injured area remains unloaded (Sanders 2018). A HFSC has the goal of facilitating
mobility, while not transferring body weight away from the uninjured areas of the injured
lower extremity and allowing users access to their upper extremities for actions not
associated with ambulation (Sanders 2018). This device cannot be used for all injuries
that require a non-weight bearing period, but it can be used for most foot and ankle

injuries that have non-weight bearing recovery demands.



The iIWALKFree is one type of HFSC available that allows for 2-point gait
ambulation (Martin 2019, iIWALK2.0 User Manual 2019). This device claims to increase
patient comfort, stability and mobility as compared to other ambulatory aids (Martin
2019). One research study found that patients preferred the iWALKFree HFSC compared
to SAC, as the HFSC had less perceived discomfort and exertion necessary to operate
(Martin 2019). With the upper extremities not involved in stabilization or ambulation,
those using the HFSC are able to have a more normal lifestyle during recovery. In
addition to perceived preference, a study showed that muscle activity was more like that
of walking without an ambulatory aid while using a novel prothesis, similar to a HFSC,
than while using axillary crutches (Sanders 2018). No other studies have been done to
investigate the muscle activity while using the iIWALKFree or other hands-free single
crutches.

The IWALKFree HFSC must be assembled before use and the instruction for how
to do so are located within the manufacturer’s user manual. All steps are the same
regardless of injury, except that the leg that is non-weight bearing influences the
orientation of the foot attachment (IWALK2.0 User Manual 2019). Once assembled, the
HFSC must be fitted to the user. The knee platform must be aligned between one and one
half inch below the inferior edge of the kneecap (IWALK2.0 User Manual 2019). Once
the knee platform height has been set, the user puts the knee of the non-weight bearing
leg on the knee platform and positions the handle as high on the thigh as possible to allow
for stability, while maintaining comfort (IWALK2.0 User Manual 2019). The knee

should be slid as far forward as possible on the knee platform, followed by strap



attachment and tightening to allow for maximum stability and comfort (IWALK2.0 User
Manual 2019). Specific details on the steps required to fit the HFSC are outlined in the
manufacturer’s user manual and an example of a person fitted with the device can be seen
in Figures 1 and 2. If the device has been fitted properly, the user should be able to stand
normally with the HFSC attached to the non-weight bearing leg. The user should put 50%
of their body weight on the HFSC and the other 50% on their non-injured leg (IWALK2.0
User Manual 2019). Users can then ambulate with a normal gait after practicing, though
an assistive handle is located near the thigh if support is needed (iWALK2.0 User Manual

2019).



Figure 1: IWALKfree Fully
Assembled and Attached to User.
Figure one shows a straight-on view
of the iIWALKFree HFSC being
worn by a user. The device is
attached to the user’s right leg,
therefor the foot (at the bottom of the
IWALKFree) is positioned
specifically outward. Image supplied
by author.

Figure 2: IWALKfree Fully
Assembled and Attached to User.
Figure 2 shows the IWALKFree
HFSC attached to a user with a
lateral view of their leg resting on
the knee platform, straps securely
attached, and handle (top of the
IWALKFree) as high as possible on
the thigh to allow for stability and
comfort. Image supplied by author.
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Muscle Atrophy and Blood Flow

Muscle atrophy occurs when a muscle decreases in muscle mass and strength due
to discontinuing weight training, sustaining an injury, or a different cause of lower
muscle activity. At the cellular level, atrophy occurs when proteolysis becomes dominant
over the synthesis of protein in a muscle (Phillips 2009). This process can occur in all
muscles in the body that are not used or become unloaded. Not only can the size of the
muscle change during atrophy, but the quality of the muscle can become different
(MacLennan 2020). Disuse of muscles alters their composition by decreasing the
proportion of skeletal muscle and increasing the presence of adipose tissue (Clark 2009).
The exact decrease in muscle strength can be variable depending on the person and other
factors (Clark 2009). Accumulation of atrophy events over a lifetime can lead to
sarcopenia and increased net muscle loss during aging (Wall 2013).

One set of muscles very prone to atrophy are the antigravitational muscles in the
lower extremities that upon disuse will change their muscular and tendon properties (De
Boer 2007, Clark 2009). It was found that with disuse and unloading, lower extremity
muscles atrophied 0.4% per day (Campbell 2013). During prolonged bed rest many of the
leg muscles, including the lateral gastrocnemius, rectus femoris, and vastus lateralis, were
found to atrophy at different extents upon disuse (Miokovic 2012). Additionally, it was
found that atrophy can cause a decrease in maximal aerobic capacity by up to 30% after
three weeks of bed rest (Keenan 2014). Atrophy presents quickly in the leg muscles, with
studies showing that muscle composition can start changing days after disuse (Wall

2014). Along with those results, it has been found that patients sustaining lower extremity
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injuries that require a period of non-weight bearing also experience atrophy while using
assistive ambulatory devices (Grosset 2008, Clark 2004).

Muscle unloading due to lower extremity non-weight bearing causes atrophy by
discontinuing the muscle’s stabilization and locomotive functions (Phillips 2009, Grosset
2008). Disuse results in rapid skeletal muscle atrophy (Grosset 2008). Hather et al. (1992)
did a study that found that after 6 weeks of unilateral lower limb suspension, the thigh
muscles decreased in cross-sectional area by 12% (Hather 1992). As lower extremity
muscles atrophy more and more during recovery, the time necessary for patients to
recover and return to their pre-injury strength increases (Grosset 2008).

In non-weight bearing patients recovering from an injury, it is also important to
consider blood flow in the lower extremity. It has been found that one mechanism that
promotes venous return of blood in the lower extremities is the contraction of leg muscles
(Broderick 2009). In non-weight bearing individuals, the contraction of leg muscles
decreases due to the diminished electrical stimulation and unloading of those muscles,
resulting in a decreased venous return (Broderick 2009). One important muscle for this is
the gastrocnemius (Broderick 2009, Faghri 1997). If blood does not circulate well, or is
allowed to have stasis, the risk of developing deep vein thrombosis (DVT) and
pulmonary embolism increase (Broderick 2009). One study showed that knee scooter use
while non-weight bearing could potentially contribute to DVT development due to
slowed blood flow recorded via ultrasound (Ciufo 2019). Stimulation of the
gastrocnemius and other leg muscles has been found to decrease the incidence of blood

stasis and increase blood flow in the lower extremity (Broderick 2009, Faghri 1997).
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Increasing muscle contraction in the non-weight bearing extremity will therefor help

increase blood flow and could potentially decrease the risk of developing DVT.

Normal Gait and the Muscles Studied

Gait is defined as human locomotion or walking in which there are periods of
loading and unloading of the lower extremities to facilitate movement (Team
Protokinetics 2018, Benedetti 2019). Walking is an essential means of transportation that
humans use daily. Many different areas of the body are important in gate, whether it be
the lower extremities for movement, upper extremities aiding in propulsion and balance,
vision for guidance, abdominal muscles for stabilization, and many more (Keenan 2014).
The actions done by the lower extremities are called the gait cycle (Team Protokinetics
2018, Benedetti 2019). The objectives of the gait cycle are to advance the body’s center
of mass, stabilize the body against gravity, and clear the foot from the ground high
enough to prevent tripping (Mayer 2015). One gate cycle is defined as a set of
movements between two initial contacts with the ground or between successive steps by
the same foot (Team Protokinetics 2018, Benedetti 2019). The gate cycle is made up of
two main phases, stance phase and swing phase, as shown in Figure 4 (Team
Protokinetics 2018, Keenan 2014, Benedetti 2019, Mayer 2015). Between the two
primary phases, roughly 60% of the gate cycle is spent in stance phase and 40% is spent
in swing phase (Keenan 2014). Stance phase is defined as the entire period that a foot is
in contact with the ground, while swing phase is defined as the entire time that a foot is in

the air and moving forward (Team Protokinetics 2018, Keenan 2014). Each leg alternates
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between the two phases and the two lower extremities can only coexist in stance phase,
not swing phase, while walking (Team Protokinetics 2018). When both feet are in contact
with the ground (stance phase) the body has bipedal support (Team Protokinetics 2018).
Unipedal support ensues when one of the lower extremities is in stance phase while the
other is in swing phase (Team Protokinetics 2018).

Stance and swing phase also have subphases (Team Protokinetics 2018, Keenan
2014). Stance phase has five subphases: initial contact, loading response, midstance,
terminal stance, and pre-swing (Keenan 2014). Swing phase has three subphases: initial
swing, mid swing, and terminal swing (Keenan 2014). Within those subphases, the hip,
knee, and ankle joints all have movements and roles to allow for proper ambulation
(Rabischong 2014, Mayer 2015). Many different muscles impact these joints and are
important in promoting locomotion and providing stabilization during the gait cycle
(Dorn 2012). In this study we decided to investigate the activity of the gluteus maximus,
lateral gastrocnemius, rectus femoris, and vastus lateralis due to their important roles in
the gate cycle and known atrophy upon disuse (Sanders 2018, Hoppenfeld 1976). Each

muscle’s role and significance to the present study is explained below.

Gluteus Maximus

The gluteus maximus upper border attachment is at the posterior superior iliac
spine of the pelvis and the sacrum, while its lower border inserts into the femur at the
gluteal tuberosity (Hoppenfeld 1976). The gluteus maximus is the primary extensor of the

hip (Hoppenfeld 1976, Liu 2006, Dorn 2012). It is involved in both the stance and swing
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phase of the gait cycle and is important in both stability and creating ambulation
(Hoppenfeld 1976, Liu 2006). This muscle was chosen to be investigated in this research
study due to its important role in the stability of the lower extremity as well as for its

contributions to locomotion.

Lateral Gastrocnemius

The lateral gastrocnemius attaches to the lateral epicondyle of the femur and
inserts at the Achilles tendon on the posterior surface of the calcaneus (Hoppenfeld
1976). The lateral gastrocnemius is important in two joint movements. It creates plantar
flexion of the foot at the ankle and it creates flexion at the knee (Hoppenfeld 1976, Dorn
2012). It is involved in both the stance and swing phase of the gait cycle (Hoppenfeld
1976, Liu 2006). This muscle was chosen to be investigated in this research study due to
its impact on locomotion and blood flow. While using standard axillary crutches (SAC),
the injured lower extremity is held in a fixed position. It has been recorded that
gastrocnemius muscle activity decreases while using SAC (Kang 2016). While using the
hands-free single crutch (HFSC), the lower part of the non-weight bearing leg and,
therefore, the lateral gastrocnemius rests on a knee platform and cannot fulfill its normal
ambulatory functions. This study was interested in investigating the lateral gastrocnemius
due to its impact on blow flow in the lower extremity and its effects on vascular stasis

when immobilized verses actively contracting (Faghri 1997).
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Rectus Femoris

The rectus femoris attaches to the anterior inferior iliac spine and the ilium of the
pelvis and inserts into the patella tendon of the knee (Hoppenfeld 1976). The rectus
femoris is important in two joint movements. It causes flexion of the hip and it causes
extension of the knee (Rabischong 2014, Hoppenfeld 1976). It is involved in both the
stance and swing phase of the gait cycle and is important in creating ambulation
(Rabischong 2014, Hoppenfeld 1976, Dorn 2012). This muscle was chosen to be
investigated by this research study due to its important role in the stability of the lower
extremity, contributions to locomotion, and tendency to atrophy when non-weight

bearing (Miokovic 2012).

Vastus Lateralis

The vastus lateralis attaches to the linea aspera of the femur and inserts into the
quadriceps femoris tendon that attaches to the patella (Hoppenfeld 1976). The vastus
lateralis causes extension of the knee (Rabischong 2014, Hoppenfeld 1976). It is involved
in both the stance and swing phase of the gait cycle and is important in creating
ambulation (Rabischong 2014, Hoppenfeld 1976, Dorn 2012). This muscle was chosen to
be investigated by this research study due to its important role in the stability of the lower
extremity, contributions to locomotion, and tendency to atrophy when non-weight

bearing (Miokovic 2012).
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Electromyography

Gait analysis is the evaluation of someone’s walking ability by instrumentally
measuring and evaluating factors that influence normal gate, including muscle activity
(Benedetti 2019). One such instrument commonly used to study lower extremity muscle
activity in the normal gate cycle is electromyography (EMG) (Benedetti 2019). EMG
devices work by using electrodes to measure the motor unit action potential of
contracting muscles (Benedetti 2019). Many studies have used EMG devices to look at
muscle activity in the body while moving or exercising (Kang 2016, Sternlicht 2003,
Snarr 2014, Clark 2004, Sanders 2018). More specifically, studies have been done that
investigate muscle activity in the lower extremities while using different ambulatory aids
(Kang 2016, Clark 2004, Sanders 2018). Researchers turn to EMG devices to measure
lower extremity muscle activity because EMGs allow them to understand a muscle’s
relative involvement in movement via its electrical signal (Sternlicht 2003).

EMG devices can record many different quantifiable readings of muscle activity,
but two of the most commonly used measures are maximum voluntary isometric
contraction (MVIC) and mean muscle activity (Kang 2016, Sternlicht 2003). MVIC is the
maximum contraction that occurs in a muscle doing a certain movement, which can be
used to compare a movement done with different devices to find the MVIC percentage
(Beier 2019). Mean muscle activity is an averaged measure of a muscle activity over a
period, which is often normalized using root mean square (RMS) to give a quantifiable

measure of the muscle’s activity (Sanders 2018, Beier 2019).
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Research studies have begun to use new EMG Bluetooth sensors that allow for
different movements and exercises to have their muscle activity quantified that could not
be in the past (Kang 2016, Sanders 2018). The Delsys Trigno® Wireless
Electromyography system (Trigno Wireless; Delsys Inc, Boston, MA) and Bluetooth
Trigno Avanti™ sensors were used for this study. The sensors and EMG system can be
seen in Figure 3. This system operates by the sensors picking up the muscle’s electrical
activity and transmitting the signal to a base station. The base station then sends the
muscle signals to computer software to be recorded (Delsys 2019). An example of an
EMG graph recorded using the system while walking can be seen in Figure 4. To ensure
that the most accurate readings are taken from the muscles, steps in the user manual
should be followed including washing the area where the sensors will be placed, orienting
the sensors parallel to muscles fibers, and placing them in the location of the belly of the

muscle (Delsys 2019).
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Figure 3: Workstation for Ambulatory Device Testing. This image shows the work
station where the EMG testing was done for the different forms of ambulation. On the left
is an example of standard axillary crutches (SAC). Next to the SAC is the iIWALKFree
hands free single crutch. On the right is The Delsys Trigno® Wireless Electromyography
system and Bluetooth Trigno Avanti™ sensors connected to a computer with the data
analysis software EMG Works Analysis displaying an EMG graph of muscle activity that
was recorded from a participant. Image supplied by author.
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Figure 4: Gait Cycle and EMG Graph of Muscle Activity While Walking: The top
image in Figure 4 shows a person walking with the stance and swing phases outlined for
each leg (accessed on February 10", 2020, and adapted from
https://commons.wikimedia.org/wiki/File:Walk_cycle.jpg). The bottom image in Figure 4
shows a recording of vastus lateralis activity while walking. The reading does not
correspond to the image of a person walking above it, but the EMG graph is
representative of muscle activity while walking at a normal pace for 15 seconds, with x-
axis representing time from 0 to 15 seconds and the y-axis representing electrical activity
from -0.0001 to 0.0001 Volts. Bottom image supplied by the author.

20


https://commons.wikimedia.org/wiki/File:Walk_cycle.jpg

SPECIFIC AIMS

Ambulatory assistive devices have long been studied by researchers to better
understand the impact that they have on their users. Canes, walkers, wheelchairs,
scooters, and crutches have all been available for physicians to prescribe to those facing a
period of non-weight bearing after a lower extremity injury. More recently, research has
been done on novel devices that allow for non-weight bearing patients to ambulate
without having to use their upper extremities for weight bearing or stabilization. One
such device is the hands-free single crutch that allows for its users to ambulate with the
injured lower extremity still bearing weight, while maintaining non-weight bearing
restrictions.

This prospective comparative cohort study will investigate the muscle activity in
the injured leg of a non-weight bearing participant while using standard axillary crutches
and a hands-free single crutch. Our hypothesis is that there will be a statistically
significant difference in lower extremity muscle activity while using the hands-free single
crutch when compared to standard axillary crutches by examining the mean muscle
activity and percent maximum voluntary isometric contraction measured via
electromyography. The aim of this study is to determine if muscle atrophy and decreased
venous return can be potentially avoided or reduced by using a hands-free single crutch
instead of standard axillary crutches while non-weight bearing. We expect that
participants using the hands-free single crutch will demonstrate muscle activity more

similar to normal gait with increased contractility as compared to while using standard
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axillary crutches. That result would indicate that using the hands-free single crutch in
place of standard axillary crutches could potentially result in decreased levels of muscle
atrophy, increased blood flow in the non-weight bearing lower extremity, and faster

recovery.
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METHODS

Participants and Inclusion

This research study is a prospective comparative cohort study that took place at
Evan’s Army Hospital at Fort Carson in Colorado Springs, Colorado, in the orthopedic
foot and ankle clinic. The 21 participants in the study were all volunteers who were either
active duty military or military beneficiaries. The study’s population included 18 males
and 3 females with a mean age of 31.4 years old with the youngest being 20 years old and
the oldest being 59 years old. The participants had a mean height of 69.24 inches (range:
62-75), mean weight of 185.57 pounds (range 130-327), and mean body mass index of
27.05 (range: 20.36-41.98). Leg dominance was also recorded with all 21 participants
being right leg dominant. Demographic data is displayed in Table 1.

In order to participate in the study, participants had to consent to being physically
healthy enough to complete all the walking tasks. This entailed not having an injury that
limited the use of muscles required for walking, not having a lower extremity injury that
would limit ambulatory ability, not having a radiculopathy (a pinched nerve), and not
having a foot or ankle injury in the past two weeks. Anyone fitting into one of those four
categories was excluded from the study. Participants were included in this study if they

were between the ages of 18 and 60 years old.

23



Table 1: Demographics of the Participants. This table contains the mean, standard
deviation, and range of the age (years), height (inches), weight (pounds), and body mass
index (BMI) of the participants in this study. Also included are the number of male and
female participants, as well as the number of right and left leg dominant participants.

Demographics

Variable Mean Standard Deviation Range
Age (years) 31.43 8.81 20-59
Height (inches) 69.24 3.25 62-75
Weight (Ibs) 185.57 40.01 130-327
BMI 27.05 4.35 20.36-41.98

Leg Dominance

Right 21
Left 0
Sex
Female 3
Male 18

Data Collection

Participants were first explained the goal of the research study as well as the
actions that they would have to carry out. After receiving informed consent from each
person, demographic data was collected. Participants were asked what leg they would
kick a soccer ball with to determine their dominant leg. Participants were then fitted with
standard axillary crutches (SAC) and given the opportunity to practice ambulating with
them until they gave verbal consent of being confident ambulating with the device. No

participant required more than 4 minutes of practice before giving verbal consent. They
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were instructed to have their dominant leg be non-weight bearing while using the SAC
and that they should maintain the non-weight bearing conditions by not allowing the
dominant leg to touch the ground during ambulation. Participants were then fitted with a
hands-free single crutch (HFSC) based on the instructions in the manufacturer’s user
manual, while also having the four Bluetooth electromyography (EMG) sensors applied
(Trigno Avanti™) at the same time. The HFSC was put on the participant’s dominant leg.
The HFSC and the EMG sensors were fitted at the same time so that the sensors would
not interfere with the HFSC, while allowing for the most optimal placement of the
electrodes. Electrodes were calibrated and then both the EMG sensors and the skin where
they would be applied were cleaned with alcohol wipes and allowed to dry. The
Bluetooth electrodes were then placed on the belly of the Lateral Gastrocnemius (LG),
Gluteus Maximus (GM), Rectus Femoris (RF), and Vastus Lateralis (VL) by a board-
certified orthopedic surgeon. The surgeon placed the electrodes based on anatomical
muscle mass. Electrode placement is shown in Figure 5 and 6. Participants were then
given time to practice ambulating with the HFSC until they gave verbal consent of being
confident moving with the device. No participant required more than 4 minutes of

practice before giving verbal consent.
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Figure 5: EMG Sensor Placement. Figure 6: Hands-Free Single Crutch

Figure 5 shows the placement of the with EMG Electrode Placement.
Rectus Femoris, Vastus Lateralis, and Figure 6 shows the Trigno Avanti™
Lateral Gastrocnemius Trigno sensors placement with the hands-free
Avanti™ sensors. Gluteus maximus single crutch (IWALKFree) attached to
sensor cannot be seen in this image the non-weight bearing leg. Image

due to the sensor being covered up by supplied by the author.

the participants shorts. Image supplied

by the author.

The first device tested was the HFSC. Participants were instructed to move to the
end of a 30-meter walking area and were advised to walk the 30 meters at a self-selected,
normal walking velocity. After ambulating for two steps, the EMG device was activated
and 15 seconds of the participant’s gait cycle muscle activity was recorded. The HFSC

was then removed and the participant was given 5 minutes to rest. They were then
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instructed to walk the same 30 meters with the SAC at the same self-selected velocity.
After ambulating for two steps, the EMG device was activated and 15 seconds of the
participant’s gait cycle muscle activity was recorded.

The first 9 participants in the study ambulated with the HFSC and SAC. The next
12 participants completed a third testing cycle which included walking with no assistive
device to establish a baseline control group for further comparison. For those participants,
the SAC was removed and they were given 5 minutes to rest. They were then instructed
to ambulate the 30 meters while walking with no assistive device, at the same self-
selected velocity. After ambulating for two steps, the EMG device was activated and 15
seconds of the participant’s gait cycle muscle activity was recorded. Once participants
finished their last trial, the electrodes were removed and any excess material left by the
stickers holding the electrodes to the participant’s leg was cleaned off with an alcohol

wipe. An example of the workstation and equipment used can be seen in Figure 3.

Electromyography

The Delsys Trigno®Wireless Electromyography system (Trigno Wireless; Delsys
Inc, Boston, MA) was used to record muscle activity during ambulation for all trials in
this study. As recommended in the Trigno® Wireless Biofeedback System User’s Guide
(2019) a bandwidth of 20-450 Hz, range of 11 mV, and a sampling rate of 2148 Hz were
used. The wireless EMG Trigno Avanti™ sensors were cleaned before being applied to
the participants and were oriented in the direction of the muscle fibers with the arrow

pointing upward. Cleaning the sensors and skin and orienting the sensors in the same
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direction as the muscle fibers allowed for the clearest measurements by minimizing the
electrical interference caused by surrounding muscles (Delsys, Boston, MA).
Measurements were recorded using the EMG Acquisition Works program and the
data was then exported to the EMG Works Analysis program (Delsys, Boston, MA).
Within the EMG analysis program, the mean muscle activity was converted to root mean
square (RMS) to normalize the data. The mean muscle activity and maximum voluntary
isometric contraction (MVIC) were recorded for each muscle and ambulatory device
combination in order to normalize the EMG data and make it largely independent of the

participants and measuring devices used in this study.

Statistical Analysis

Data was exported from EMG Works Analysis to Microsoft® Office Excel
(Redmond, WA) for statistical analysis. From the data sets, the mean RMS muscle
activity was found for all four muscles using both the hands-free single crutch (HFSC)
and the standard axillary crutches (SAC). A t-test for two sample means was then used to
find if there was a statistically significant difference, at the p=0.05 level, in the mean
RMS muscle activity while using the HFSC compared to SAC for each muscle.

The percent maximum voluntary isometric contraction (MVIC) for each
ambulatory aid was found by taking the MVIC recorded for a participant using the
ambulatory aid and dividing it by the MVIC recorded while the participant was walking
without one of the assistive devices. This calculation was done for each muscle. Formula

1 and 2 show the calculations done to find the percent MVIC (%MVIC) for each muscle.
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A t-test for two sample means was then used to find if there was a statistically significant
difference, at the p=0.05 level, in the percent MVIC while using the HFSLC compared to
the SAC for each muscle.

Formula 1: %MVIC HFSC = (MVIC HFSC) / (MVIC walking)

Formula 2: %MVIC SAC = (MVIC SAC) / (MVIC walking)

Microsoft® Office Excel (Redmond, WA) was also used to record and calculate
demographic data for the participants. Calculations were made for age, weight, height,
and body mass index. Dominant leg (what leg they would kick a soccer ball with) and
medical history (clearing them from exclusion criteria) were also recorded with the other

demographic data.
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RESULTS

Muscle Activity

All twenty-one of the participants had mean muscle activity recorded. The mean
muscle activity using both the hands-free single crutch (HFSC) and the standard axillary
crutches (SAC) were found for the Lateral Gastrocnemius, Gluteus Maximus, Rectus
Femoris, and Vastus Lateralis. These values were then used to determine if there was a
statistically significant difference in muscle activity while using the HFSC (iWALKFree)
compared to using SAC. Figure 7 shows the mean root mean square (RMS) muscle
activity of the four muscles while using both ambulatory devices, HFSC and SAC. It also
indicates if there was a statistically significant different in the mean RMS muscle activity

while using the HFSC when compared to SAC.
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Figure 7: Mean RMS Muscle Activity Graph. This figure compares the mean root
mean square muscle activity of the gluteus maximus (GM), lateral gastrocnemius (LG),
rectus femoris (RF), and vastus lateralis (VL) while using the iWALKFree (HFSC) (blue)
and crutches (SAC) (red). Statistically significant differences are identified with a star.

Lateral Gastrocnemius

The Lateral Gastrocnemius (LG) mean RMS value for participants using the
HFSC was 0.1811 + 0.3439 mV and the mean RMS value for participants using the SAC
was 0.0304 + 0.0071 mV (Table 2). A paired t-test was done and found that there was a
statistically significant difference in the mean muscle activity of the LG when
participants used the HFSC compared to the SAC, with the p-value being 0.029 (Table
4). Figure 8 shows an example of the LG EMG graphs recorded from a participant while

walking, using SAC, and using the HFSC.
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Figure 8: Lateral Gastrocnemius EMG Recording Example. These graphs are an
example of the EMG data recorded from the lateral gastrocnemius. These graphs are all
from the same participant in the study and are all set to the same scale, 0 to 15 seconds on
the x-axis and -0.005 to 0.005 Volts on the y-axis. The top graph was recorded while the
participant was walking, the middle graph was while using SAC, and the bottom graph

was while using the HFSC.

Gluteus Maximus

The Gluteus Maximus (GM) mean RMS value for participants using the HFSC
was 0.0301 £ 0.0288 mV and the mean RMS value for participants using SAC was
0.0186 + 0.0028 mV (Table 2). A paired t-test was done and found that there was a

32



statistically significant difference in the mean muscle activity of the GM when
participants used the HFSC compared to SAC, with the p-value being 0.031 (Table 4).
Figure 9 shows an example of the GM EMG graphs recorded from one of the participants

while walking, using SAC, and using the HFSC.

. Walking

Figure 9: Gluteus Maximus EMG Recording Example. These graphs are an example
of the EMG data recorded from the gluteus maximus. These graphs are all from the same
participant in the study and are all set to the same scale, 0 to 15 seconds on the x-axis and
-0.0002 to 0.0002 Volts on the y-axis. The top graph was recorded while the participant
was walking, the middle graph was while using SAC, and the bottom graph was while
using the HFSC.
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Rectus Femoris

The Rectus Femoris (RF) mean RMS value for participants using the HFSC was
0.1142 + 0.2741 mV and the mean RMS value for participants using the SAC was 0.0098
+ 0.0104 mV (Table 2). A paired t-test was done and found that there was a statistically
significant difference in the mean muscle activity of the RF when participants used the
HFSC compared to the SAC, with the p-value being 0.047 (Table 4). Figure 10 shows an
example of the RF EMG graphs recorded from one of the participants while walking,

using SAC, and the HFSC.

Vastus Lateralis

The Vastus Lateralis (VL) mean RMS value for participants using the HFSC was
0.0603 £ 0.1396 mV and the mean RMS value for participants using the axillary crutches
was 0.0412 + 0.1231 mV (Table 2). A paired t-test was done and found that there was not
a statistically significant difference in the mean muscle activity of the VL when
participants used the HFSC compared to the SAC, with the p-value being 0.051 (Table
4). Figure 11 shows an example of the VL EMG graphs recorded from one of the

participants while walking, using SAC, and the HFSC.
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Figure 10: Rectus Femoris EMG Recording Example. These graphs are an example of
the EMG data recorded from the rectus femoris. These graphs are all from the same
participant in the study and are all set to the same scale, 0 to 15 seconds on the x-axis and
-0.0002 to 0.0002 Volts on the y-axis. The top graph was recorded while the participant
was walking, the middle graph was while using SAC, and the bottom graph was while
using the HFSC.
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Figure 11: Vastus Lateralis EMG Recording Example. These graphs are an example
of the EMG data recorded from the vastus lateralis. These graphs are all from the same
participant in the study and are all set to the same scale, 0 to 15 seconds on the x-axis and
-0.0002 to 0.0002 Volts on the y-axis. The top graph was recorded while the participant
was walking, the middle graph was while using SAC, and the bottom graph was while
using the HFSC.
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Table 2: Mean RMS Muscle Activity. This table contains the mean muscle RMS
activity in mV and the standard deviation in mV for each muscle using each form of
ambulation. The three types of ambulation were SAC, HFSC (iWALKFree), and walking
(no assistive device). Mean values that are statistically significant are marked with a *.

Muscle Device RMS (mV) RMS SD (mV)

SAC 0.0186 * 0.0028

GM HFSC 0.0301 * 0.0288
Walking 0.0233 0.0159

SAC 0.0304 * 0.0071

LG HFSC 0.1811 * 0.3439
Walking 0.0989 0.1503

SAC 0.0098 * 0.0104

RF HFSC 0.1142 * 0.2741
Walking 0.1245 0.3214

SAC 0.0412 0.1231

VL HFSC 0.0603 0.1396
Walking 0.0155 0.0082
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Maximum Voluntary Isometric Contraction Percentage

To calculate the maximum voluntary isometric contraction (MVIC) percentage,
the MVIC was recorded for all three modality types: standard axillary crutches (SAC),
hands-free single crutch (HFSC), and walking. Due to this, only twelve of the twenty-one
participants had maximum voluntary isometric contraction percentage calculated because
only twelve of the participants had EMG recordings done while walking. The MVIC
percentage was found by taking the MVIC of one of the non-weight baring devices (SAC
or HFSC) and dividing it by the MVIC walking. This calculation is further explained in
the Statistical Analysis section of the Methods. The MVIC percentages were then
compared to see if there was a statistically significant difference while using the HFSC

compared to SAC for all four muscles.

Lateral Gastrocnemius

The Lateral Gastrocnemius (LG) mean MVIC percentage for participants using
the HFSC was 14,070% and the mean MVIC percentage for participants using the SAC
was 57% (Table 3). A paired t-test was done and found that there was not a statistically
significant difference in the MVIC percentage of the LG when participants used the
HFSC compared to SAC, with the p-value being 0.076 (Table 4). Though the mean
MVIC percentage for the LG while using the HFSC was a lot larger than the percent
MVIC while using SAC, it was not statistically significant due to a large standard

deviation.
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Gluteus Maximus

The Gluteus Maximus (GM) mean MVIC percentage for participants using the
HFSC was 197% and the mean MVIC percentage for participants using SAC was 91%
(Table 3). A paired t-test was done and found that there was a statistically significant
difference in the MVIC percentage of the GM when participants used the HFSC

compared to SAC, with the p-value being 0.013 (Table 4).

Rectus Femoris

The Rectus Femoris (RF) mean MVIC percentage for participants using the
HFSC was 303% and the mean MVIC percentage for participants using the SAC was
53% (Table 3). A paired t-test was done and found that there was a statistically
significant difference in the MVIC percentage of the RF when participants used the

HFSC compared to the SAC, with the p-value being 0.005 (Table 4).

Vastus Lateralis

The Vastus Lateralis (VL) mean MVIC percentage for participants using the
HFSC was 251% and the mean MVIC percentage for participants using SAC was 43%
(Table 3). A paired t-test was done and found that there was a statistically significant
difference in the MVIC percentage of the VL when participants used the HFSC compared

to SAC, with the p-value being 0.005 (Table 4).
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Table 3: Maximum Voluntary Isometric Contraction Percentage. This table shows
the MVIC percentage for all four muscles using each ambulatory method. Calculation of
percent MVIC (%MVIC) is explained in the Methods section. Walking has a percentage
of 1 because it’s MVIC is divided by itself ({MVIC walking} / {MVIC walking} = 1).
MVIC percentages that are statistically significant are marked with a *.

Muscle Device %MVIC
SAC 0.91*
GM HFSC 1.97*
Walking 1
SAC 0.57
LG HFSC 14.07
Walking 1
SAC 0.53 *
RF HFSC 3.03*
Walking 1
SAC 0.43*
VL HFSC 251*
Walking 1
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Table 4: P-Values for RMS and MVIC. This table contains the calculated p-values
from the paired t-tests done for the mean muscle activity (P-value RMS) and the percent
maximum voluntary isometric contraction (P-value MVIC) for all four muscles: gluteus
maximus (GM), lateral gastrocnemius (LG), rectus femoris (RF), and vastus lateralis
(VL). P-values were analyzed for statistical significance at the P<0.05 level.

Muscle P-value RMS P-value MVIC
GM 0.031 0.013
LG 0.029 0.076
RF 0.047 0.005
VL 0.051 0.005
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DISCUSSION

This research serves as a prospective comparative cohort study for currently
prescribed ambulatory aids that are intended for people who are non-weight bearing due
to lower extremity injury. Our hypothesis was that muscle activity will be similar to
normal gait with increased contractility while using the hands-free single crutch (HFSC)
compared to while using standard axillary crutches (SAC). The results of the study
showed a statistically significant increase in muscle activity while using the HFSC
compared to using SAC. The mean muscle activity of the recuts femoris, lateral
gastrocnemius, and gluteus maximus showed statistically significant increases while
using the HFSC. The vastus lateralis did not show a statistically significant increase in
mean muscle activity at the P=0.05 level, as the P-value found was 0.051. The maximum
voluntary isometric contraction (MVIC) percentage was also evaluated. The results
showed that the rectus femoris, vastus lateralis, and gluteus maximus all demonstrated
statistically significant increases in MVIC percentage while using the HFSC compared to
using SAC. The lateral gastrocnemius did not show a statistically significant increase in
MVIC percentage while using the HFSC compared to using SAC. Though the vastus
lateralis was not statistically significant for increased mean muscle activity and the lateral
gastrocnemius was not statistically significant for MVIC percentage, overall the muscles
demonstrated equal or increased levels of muscle activity while using the HFSC
compared to using SAC. These results lead to a conclusion that the HFSC allowed for
higher levels of muscle recruitment and intensity during ambulation than while using

SAC.
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Results in Context of Daily Life

For patients who are non-weight bearing after a lower extremity injury, using a
device for ambulation that allows for increased muscle recruitment and activity will
potentially lead to a decreased amount of muscle atrophy. Though the lateral
gastrocnemius was not statistically significant for MVIC percentage and the vastus
lateralis was not statistically significant for mean muscle activity, both showed significant
increased muscle activity in the other category, allowing for an overall increase in the
muscle’s recruitment during gait. If the heightened level of muscle activity while using
the HFSC leads to a potential decrease in muscle atrophy, this would allow patients to be
stronger during and after the period in which they need to be non-weight bearing.
Overall, reduced muscle atrophy will potentially allow for quicker rehabilitation
secondary to retained balance and proprioception. The HFSC also allows for patients to
ambulate without the use of their arms, no longer a restricted ambulator, and has been
shown to have decreased levels of perceived exertion and discomfort compared to SAC
(Waters 1987, Martin 2019). Using the HFSC during non-weight bearing will potentially
allow for patients to have faster recovery windows from lower extremity injuries due to
increased levels of muscle activation leading to potential decreased levels of muscle
atrophy, while also allowing for increased freedom and decreased perceived discomfort
(Martin 2019).

Additionally, the increased levels of muscle activity and recruitment will

potentially lead to increased levels of blood flow. It has been found that higher levels of
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muscle activity in the lower extremity leads to decreased blood stasis and increased
venous return (Faghri 1997). Heightened levels of blood flow in the lower extremities in
turn leads to a potential decreased risk for developing deep vein thrombosis and
pulmonary embolism (Faghri, 1997). Since the HFSC increased cyclic contraction in the
non-weight bearing lower extremity, it will potentially lead to a greater level of blood
flow as compared to what SAC would trigger. Though the lower part of the leg is held in
a horizontal position on the knee platform of the HFSC, the lateral gastrocnemius still
demonstrated increased levels of cyclic contraction and muscle activity which will
potentially allow for increased venous return and a decreased risk of developing a deep
vein thrombosis during non-weight bearing.

This information is specifically important for physicians who prescribe
ambulatory aids to patients facing a timeline of non-weight bearing after a lower
extremity injury. The results of this study can be used to help a physician decide if a
HFSC would provide benefit to their patient or if a different ambulatory aid would better
serve them. Though this study shows increased muscle activation while using the HFSC,
not all patients will prefer this device after trying it out. Though Martin et al (2019) found
that there was patient preference for a HFSC while non-weight bearing, not all patients
will have increased quality of life while using the HFSC. Therefor this data should serve
as a supplement to other studies to help best inform physicians as they treat and guide

patients.
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Other Literature on the Hands-Free Single Crutch

When reviewing the literature, many studies have been done that evaluate muscle
activity while using standard axillary crutches (SAC), as well as the costs and benefits to
this ambulatory aid. Some studies have also looked at ambulatory aids, like scooters and
canes, in comparison to SAC to determine which are preferable for recovery and patient
use. Only one other study has compared a device similar to a hands-free single crutch
(HFSC) to SAC use when non-weight bearing. Sanders et al. (2018) discovered that
axillary crutch use would not mitigate muscle atrophy as well as other ambulatory aids,
such as a novel prosthesis that serves as a HFSC (Sanders 2018). This study further
validates the results of our research as it demonstrates that SAC will not mitigate muscle
atrophy and that a hands-free ambulatory aid can lead to heightened levels of muscle
activity and potential increased strength after the non-weight bearing window.

There is only one other study that examined the iWALKFree as a possible
replacement for SAC for those with lower extremity injuries and a non-weight bearing
timeline. Martin et al. (2019) discovered that participants using a HFSC had decreased
levels of perceived exertion and discomfort when compared to using SAC (Martin 2019).
This data further supports the use of a HFSC instead of SAC because it not only leads to
heightened muscle activity, but also leads to increased patient comfort and quality of life

during recovery.
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Strengths and Limitations

One of the strengths of this study is that it used one of the newest and highest
quality EMG system to evaluate muscle activity. The Trigno Avanti™ Bluetooth sensors
are precise in measuring muscle activity while allowing participants to ambulate freely
without the concern of wires getting in the way. This allowed for accurate examination of
participant’s gait cycle and ambulation, with the EMG sensors not impeding any of the
participant’s movements. Additionally, one other paper looked at similar ambulatory
devices and participant’s muscle activity while using them. This increases the validity of
our study, as they used the same EMG devices and had data that further supports our
conclusion. Finally, a single trained EMG technician conducted all recordings and EMG
profiling and the senior author was excluded from all testing, data gathering and
statistical review. This minimized any potential bias in the study.

This research study also has limitations. One such limitation is that there is only
one other study that has investigated a similar topic and we are the only study to look at
muscle activity while using the iWALKFree. Though SAC have been examined in detail,
HFSCs have not and will need more investigation to fully understand their risks and
benefits. Additional limitations include the population examined, the sample size, and the
ability to draw direct causation to atrophy and recovery.

The population examined in this study were all active duty military or military
beneficiaries. Therefor the results of this study may not be directly reflective of the
general population and additional studies should be done to ensure that the conclusions

found are generalizable. The sample size of the mean muscle activity was 22 participants,
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of which 3 were females, and the sample size for maximum voluntary isometric
contraction was 12 participants, none of which were female. Since the sample size is low
and primarily male, it may not directly correlate to the general population and further
studies should be done with larger groups of participants to see if the HFSC causes
increased muscle activity in larger and more diverse populations. The population was
also made up of healthy subjects which may not reflect the muscle activity in those
dealing with a lower extremity injury.

Additionally, the correlation between muscle activity, atrophy and recovery is a
limitation of this study. Though increased load on and activity of a muscle is known to
lead to decreased atrophy, there are many other factors that influence muscle atrophy that
cannot be overlooked. Patients’ nutrition, comorbidities, and compliance to physical
therapy, among others are important determinants of the degree to which atrophy will
occur. Recovery time of the patient is also impacted by the type of injury sustained,
nutrition, atrophy, comorbidities, compliance, healing and more. Even though a HFSC
may cause increased muscle activity, decreased atrophy and faster recovery time may not
occur due to one or more of the listed factors. Therefore, the study is limited in saying
that it will decrease recovery time or reduce muscle atrophy due to the many other

influences and factors impacting those processes.

Implication for Future Research
This research study examined muscle activity while using the HFSC compared to

SAC. For the population of lower extremity injuries that would use the HFSC, the other
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most commonly prescribed ambulatory aid is a scooter. Future research should be done to
see if the HFSC increases muscle activity at a statistically significant level compared to
using the scooter for non-weight bearing. Since this was the first study looking at the
electromyographic activity of leg muscles while using the iWALKFree, follow up studies
should be done with other populations to ensure the results of this study are
generalizable.

Additionally, no studies have been done to assess the possible negative effects
that HFSC can have on its users. Axillary crutches have been studied for their impact on
muscle activity, as well as the positive and negative effects they have on users. HFSC and
the IWALKFree have had minimal studies done to assess possible positive implications
of their use and have not had any done to assess possible negative impacts. Future studies
should be done to determine if the use of HFSC devices can cause any harm to the user or
any unintended negative effects, as well as to continue to look for positive attributes for
its users. These studies will also help to better inform physicians of what ambulatory aid
to prescribe to their patients facing a non-weight bearing period due to a lower extremity
injury.

It has been studied and found that increased lower extremity muscle activity can
lead to increased venous return and blood flow (Faghri 1997). Though this study
concluded that the HFSC increased the cyclic contraction of lower extremity muscles
which could potentially lead to increased blood flow and decreased blood stasis, future
studies should be done to measure blood flow while using HFSC to confirm this

conclusion.
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Finally, this study only examined four muscles on the non-weight bearing leg.
Future studies should be done to examine other muscles on the non-weight bearing leg
that are involved in the gait cycle, as well as evaluation of the weight bearing lower

extremity to see if using a HFSC changes the muscle activity of the non-injured leg.

Conclusion

This prospective comparative cohort study illustrates that there is a new
generation of hands-free single crutches that can provide benefit to those recovering from
lower extremity injuries. The HFSC allows for bipedal gait with increased levels of cyclic
contraction of leg muscles that normally atrophy upon unloading during periods of non-
weight bearing. Though more research must be done into the costs and benefits of hands-
free single crutch use, increased muscle recruitment will potentially allow for less
atrophy and faster recovery timelines for patients with foot and ankle injuries. This
information can be coupled with other research on ambulatory aids to best inform
patients and physicians choosing a device for non-weight bearing after a lower extremity

injury, with the goal of maximizing patient quality of life and optimizing recovery.
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