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Abstract: The lack of exercise in society today often leads to severe muscle loss and poor physical performance.
Training methods targeting specific weakened muscle groups can help prevent or counteract muscle loss. This
study aimed to analyze how the lower extremity muscles are activated when pushing a sled with constant
resistance at two different speeds. Twenty-six participants with an average age of 23.77 years consented to having
electromyography surface electrodes placed along the gluteus maximus (GMax), gluteus medius (GMed), tibialis
anterior (TA), and gastrocnemius (GA) of their dominant leg. Muscle activation levels were then measured while
the participant walked and ran with and without sled resistance. The study results showed that muscle activation
was comparable during all trials and was not influenced by speed or constant resistance. However, the muscle
activation for GMax and GMed was significantly higher than the activation levels exhibited by GA and TA. While
pushing a sled has been shown to impact all studied musculature similarly, adding resistance to the movement can
affect gait parameters such as stride length and cadence. Our findings support the use of sled training in patients
with hip pathologies who are seeking to strengthen their GMax and GMed.
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1. Introduction
As a natural part of our aging process, we start
to lose muscle mass throughout the body in the
development of what is referred to as sarcopenia. In
2016, Giallauria et al., [1] stated that as we get older,
the skeletal muscle on the human body progressively
reduces and provokes a parallel reduction in muscle
strength. Reduced mobility and physical inactivity are
some of the reasons prompting sarcopenia;
nevertheless, movements and weight-bearing activities
could halt or at the very least slow down muscle mass
loss [2]. Typically, the body's musculature reduces in
size and ability to function adequately as we get older;
therefore, the main population affected by sarcopenia
is the aged community, especially those who are
physically inactive [1]. Sarcopenia is estimated to be
prevalent in more than 50% of adults over the age of
eighty years old [3]. However, alarmingly, even young
children are experiencing a decrease in muscular
fitness in developed countries around the globe as a
result of “exercise deficit disorder,” a term that
describes the severe lack of physical activity in younger
generations [4].
Resistance training (RT) is one of the most
influential and proven tools to prevent sarcopenia and
muscle atrophy is resistance training (RT) [1]. RT is
the key factor in developing fundamental movement
skills, such as running, jumping, and quickly changing
directions, as this type of training involves
progressively increasing various loads and movement
velocities [3]. This training technique can use elastic
bands, plyometrics, free weights, and training
machines [5]. The evidence established that RT
benefits could come from just two sessions per week,
lasting fifteen to twenty-minutes each [6]. The RT that
can be used includes controlled movements for each
major muscle group and does not require the use of
very heavy resistance [6]. The benefits of RT include
significant improvements in muscle torque and a
reduction in overall injury rates in the lower extremity
in youth [6]. Research has shown that RT is also
extremely beneficial for older adults in helping to
improve bone health, manage cardiovascular diseases,
and slow down muscular breakdown [7].
With RT, the objective is to improve the
patient's muscular strength and endurance without
fatiguing the muscle [3]. A sled is an RT tool used to
improve gait or running speed while assessing the
subject’s ability to push a sled against resistance [8].
Some of the distinct advantages of using a sled for RT
have been mentioned in the literature; for instance,
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the study by Kawamori et al., [8] stated the superior
benefits on musculature when towing a sled weighing
30% of participants' body mass as compared to
unresisted sprinting, proving that as more resistance is
added, the amount of force required by the participant
increases.
The current study will use a sled that provides
constant resistance to allow individuals to perform lowresistance, high-repetition training without pushing
them to fatigue. The XPO Trainer sled was employed
to provide constant resistance over various speeds.
Previous studies by Rosario et al., [9] investigated the
impact of the XPO trainer on lower limb musculature
and showed that faster neuromuscular recruitment
occurs in the gastrocnemius (GA) and tibialis anterior
(TA) muscles as speed increases. Pushing the
resistance sled while walking and running causes a
reduction in muscle activation time due to faster
neuromuscular recruitment; therefore, using this form
of training allows for the isolation of the GA and TA in
order to improve motor control and motor coordination
[9]. Previous studies have also found that muscle
activation occurred later or was delayed in walking
while pushing the sled in comparison to tasks involving
solely walking. This also advocates that there is an
added advantage of pushing the sled versus walking
when referring to maximal activation of the quadriceps
muscle [9]. The results showed that using the XPO
trainer can have a positive effect on neuromuscular
recruitment speed and peak muscle activation [9].
This study emphasizes the impact of RT on the
neuromuscular activation of the gluteus medius
(GMed) and gluteus maximus (GMax) based on the
importance of these muscles for proper gait and
balance [10]. Nunes [10] tested the activation of the
GMed and gluteus minimus while walking and running
in asymptomatic, physically active individuals and
found that the GMed was at its peak activation during
the stance phase of gait. The timing of this peak
activation emphasizes the critical role of the GMed in
the stabilization of the pelvis, which is vital in weightbearing activities to have proper body mechanics [10].
The GMed was also found to have delayed and shorter
activation if the individual also experienced
patellofemoral pain; this delay in activation of the
GMed caused greater hip adduction, while the delay in
GMax caused greater hip internal rotation while
running [11].
In contemplation of all the information above,
the intention of this proposed study is to assess the
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activation of proximal muscles, such as the gluteus
medius and gluteus maximus, while walking-pushing
and running-pushing the sled. Because the XPO sled
will provide the same level of resistance while the
participant is walking or running, this factor will allow
the fatigue and muscle activation levels between the
two tasks to be more accurately compared. Therefore,
the objective of this study was to evaluate the
influence of using the XPO trainer sled at slow and fast
speeds on the hip (GMed and GMax) and leg (GA and
TA) muscle activity and time for activation in young,
apparently healthy adults.

2. Methods
This study recruited 5 males and 21 females
with an average age of 23.77 years +/- 3.09 years.
Participants were screened for eligibility based on the
inclusion and exclusion criteria. Eligible participants
signed an informed consent form before participating.
Following
consent
and
cardiovascular
assessment,
electromyography
(EMG)
surface
electrodes were placed. Participants were shaved using
a razor, when applicable, in the areas where the EMG
surface electrodes were to be placed. The participants
then had the EMG surface electrodes placed by one of
the co-principal investigators on the following muscles:
gluteus maximus, gluteus medius, tibialis anterior, and
gastrocnemius of the participant’s dominant leg.
Gait Protocol: The XPO trainer is the sled used
in this study for the push protocols. The XPO trainer is
a sled that weighs 60-lbs and measures 43”H x 43.5”L
x 35”W. Participants were first instructed to push the
XPO trainer over a distance of 40 ft while walking,
followed by sprinting as a “warm up. “Once this warmup was completed, each participant went through four
protocols: 1) walk, 2) walk push, 3) run, and 3) run
push protocol. For all tasks, EMG data collection was
started by the investigator at the point where the
participants were told to “start.” Once they reached
the 40 ft mark, participants were told to “stop” and
walk back to the starting position while the XPO trainer
was brought back to the start for them. Participants
repeated each task twice.
In the walk (W) and run protocol (R),
participants walked at a self-selected pace or sprinted
as fast as they could over a 40 ft distance. Usually, the
W protocol is followed by the walking push protocol
(WP). R tasks was followed by the run push protocol
(RP). In these protocols (W and R), the participant did
not use the XPO trainer.

DOI: 10.34256/ijpefs21310

In the WP, participants walked a 40 ft distance
while pushing the XPO trainer. In the RP, participants
sprinted a distance of 40 ft while pushing the XPO
trainer. Subjects were instructed to push the sled as
hard and as fast as possible.

2.1 Data Analysis
The EMG data were then placed through a
filter and rectified to normalize the maximal voluntary
contraction (MVC) data to the muscle activations within
the tasks for each participant. The data were
processed and downloaded into spreadsheets. The
time for each gait task (in seconds) was normalized to
the percentage of the task (0 %–100%).
Subsequently, the investigators identified the highest
activation points for each muscle during all trials with
the corresponding percentage of time in the gait cycle.
The average of each data point was estimated, and the
mean maximal activation and timing of the
corresponding task were calculated.
The means were then placed into the SPSS
Data Analysis 25 system for repeated-measures
ANOVA. In this study, a P value of 0.05, was
considered significant.

3. Results
Table
1
presents
the
demographic
characteristics of the participants. There were five men
and 21 women who participated in this study. The
average age was 23.77/- 3.09 with an average weight
(lbs) of 139.9 +/- 20.71. Of the 26 participants, two
wore corrective lenses, while the other 24 did not.
Tables 2a and 2b show the comparisons of
EMG amplitudes for all muscles in the walk and WP
tasks. A significant difference was identified with a
decrease in time for the GMax min AMP in the WP
when compared to walking. Another significant
difference was that the maximum time for the GA was
longer for WP than during walking. GMax had a lower
min AMP with WP, and GA had a higher percentage of
time activated when pushing the sled.
Tables 3a and 3b illustrate the comparisons of
EMG amplitudes for all muscles among the RP tasks.
The GA had a significantly shorter activation time when
running while pushing the sled compared to running
without the sled (p=0.05). The amplitudes of the other
muscles were comparable between the groups.
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Table 1 Demographic data of all participants
Characteristics

Participant Data

Age

23.77 +/- 3.09

Gender

Male = 5
Female = 21

Height (in)

66.5 +/- 3.92

Weight (lb)

139.9 +/- 20.71

BMI (kg/m^2)

21.95 +/- 3.21

Heart Rate (bpm)

77.38 +/- 15.08

Systolic BP (mmHg)

118.82 +/- 15.75

Diastolic BP (mmHg)

76.27 +/- 9.09

Sat O2 (%)

99 +/- .01

Leg Dominance

R = 23
L=3

Glasses

Glasses = 2
No glasses = 24

Table 2a Comparisons of EMG AMPLITUDE for GMAX and GMED among tasks.
Results of repeated measure ANOVA performed comparing single and dual.
Significance level set at p≤0.05.
GMAX

Walk
Means and SD
MAX % TIME
45.76 +/- 19.31
MAX AMP
70.24 +/- 24.08
MIN % TIME
29.55 +/- 33.31
MIN AMP
50.94 +/-16.75
AVG AMP
63.11 +/- 21.13
GMED
Means and SD
MAX % TIME
41.89 +/- 25.58
MAX AMP
66.99 +/- 51.06
MIN % TIME
34.48 +/- 34.56
MIN AMP
33.97 +/- 20.01
AVG AMP
44.66 +/- 27.94
^GMAX=Gluteus Maximus Muscles
^GMED=Gluteus Medius Muscles
^P=P-Value
^S.D.=Standard Deviation
^P-Value>.05 is not significant
*P-Value<.05 is significant
^AMP=Amplitude
^MIN=minimum, MAX=Maximal

Walk Push
Means and SD
56.26 +/- 21.25
209.26 +/- 588.82
40.11 +/- 20.95
32.29 +/- 21.81
70.44 +/- 45.86
Means and SD
47.55 +/- 21.31
161.13 +/- 289.6
22.04 +/- 28.16
34.82 +/- 21.42
55.29 +/- 44.27

P-value
0.80
0.61
0.22
0.001
0.09
P-Value
0.38
0.84
0.11
0.89
0.93
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Table 2b Comparisons of EMG AMPLITUDE for TA and GA among tasks. Results of
repeated measure ANOVA performed comparing single and dual. Significance level
set at p≤0.05.
Tibialis Anterior

Walk
Means and SD

Walk Push
Means and SD

P-value

MAX % TIME

46.41 +/- 21.26

40.6 +/- 17.42

0.28

MAX AMP

100.03 +/- 250.3

61.33 +/- 25.97

0.45

MIN % TIME

22.7 +/- 28.21

20.27 +/- 27.05

0.72

MIN AMP

6.3 +/- 2.77

6.2 +/- 2.37

0.91

AVG AMP

25.52 +/- 43.14

19.25 +/- 6.89

0.52

Gastrocnemius

Means and SD

Means and SD

P-Value

MAX % TIME

30.29 +/- 16.47

53.7 +/- 17.24

0.001

MAX AMP

81.76 +/- 63.45

101.05 +/- 26.53

0.46

MIN % TIME

26.76 +/- 27.26

26.56 +/- 23.29

0.98

MIN AMP

5.81 +/- 4.76

4.88 +/- 2.1

0.32

AVG AMP

18.48 +/- 9.6

22.23 +/- 6.41

0.54

P=P-Value
^S.D.=Standard Deviation
^P-Value>.05 is not significant
*P-Value<.05 is significant
^AMP=Amplitude
^MIN=minimum, MAX=Maximal

Table 3a Comparisons of EMG AMPLITUDE for GMAX and GMED among tasks.
Results of repeated measure ANOVA performed comparing single and dual.
Significance level set at p≤0.05.
GMax

Run
Means and SD

Run Push
Means and SD

P-value

MAX % TIME

63.51 +/- 20.55

57.19 +/- 15.65

0.28

MAX AMP

204.47 +/173.21

534.73 +/1667.65

0.22

MIN % TIME

14.81 +/-33.31

21.13 +/-33.6

0.46

MIN AMP

50.46 +/- 15.76

52.62 +/- 16.36

0.84

AVG AMP

81.94 +/- 29.8

150.74 +/- 327.47

0.69

GMed

Means and SD

Means and SD

P-Value

MAX % TIME

62.04 +/- 22.18

60.28 +/- 16.76

0.79
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MAX AMP

952.47 +/2283.84

843.59 +/2079.33

0.81

MIN % TIME

13.16 +/- 21.81

7.98 +/- 17.52

0.52

MIN AMP

33.68 +/- 19.64

37.14 +/- 20.73

0.58

AVG AMP

262.91 +/637.28

219.26 +/- 441.88

0.71

^GMAX=Gluteus Maximus Muscles
^GMED=Gluteus Medius Muscles
^P=P-Value
^S.D.=Standard Deviation
^P-Value>.05 is not significant
*P-Value<.05 is significant
^AMP=Amplitude
^MIN=minimum, MAX=Maximal

Table 3b Comparisons of EMG AMPLITUDE for TA and GA among tasks. Results of
repeated measure ANOVA performed comparing single and dual. Significance level
set at p≤0.05.
Tibialis Anterior

Run
Means and SD

Run Push
Means and SD

P-value

MAX % TIME

61.52 +/- 17.48

59.83 +/- 16.09

0.75

MAX AMP

152.25 +/- 215.17

102.67 +/- 98.17

0.33

MIN % TIME

9.81 +/- 19.18

6.14 +/- 14.22

0.59

MIN AMP

7.67 +/- 3.42

6.89 +/- 3.29

0.38

AVG AMP

48.89 +/- 45.31

34.98 +/- 16.84

0.15

Gastrocnemius

Means and SD

Means and SD

P-Value

MAX % TIME

77.07 +/- 28.04

63.24 +/- 14.3

0.05

MAX AMP

199.58 +/- 150.45

MIN % TIME

15.8 +/- 18.12

20.9 +/- 30.59

0.45

MIN AMP

6.28 +/- 2.7

5.78 +/- 2.34

0.60

AVG AMP

56.85 +/- 36.77

44.12 +/- 14.93

0.62

150.32 +/- 62.1

0.07

^P=P-Value
^S.D.=Standard Deviation
^P-Value>.05 is not significant
*P-Value<.05 is significant
^AMP=Amplitude
^MIN=minimum, MAX=Maximal
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Table 4 Comparison of Timing of Maximal Muscle Activation Between Muscles During Walk
Push. Results of repeated measure ANOVA performed comparing muscles. Significance level set
at p≤0.05.
MAX % TIME

MAX AMP

MIN % TIME

MIN AMP

AVG AMP

Means and SD

Means and SD

P-Value

GMAX: 56.26 +/- 21.51

GMED: 47.55 +/- 21.31
GA: 53.7 +/- 17.24
TA: 63.24 +/- 14.3

0.13
0.65
0.22

GMED: 47.55 +/- 21.31

GA: 53.7 +/- 17.24
TA: 63.24 +/- 14.3

0.27
0.05

GA: 53.7 +/- 17.24

TA: 63.24 +/- 14.3

0.09

Means and SD

Means and SD

P-Value

GMAX: 209.5 +/- 588.82

GMED: 161.13 +/- 289.6
GA: 101.05 +/- 26.53
TA: 150.32 +/- 62.1

0.62
0.27
0.54

GMED: 161.13 +/- 289.6

GA: 101.05 +/- 26.53
TA: 150.32 +/- 62.1

0.59
0.91

GA: 101.05 +/- 26.53

TA: 150.32 +/- 62.1

0.60

Means and SD

Means and SD

P-Value

GMAX: 40.11 +/- 20.95

GMED: 22.04 +/- 28.16
GA: 26.56 +/- 23.29
TA: 20.9 +/- 30.59

0.05
0.89
0.05

GMED: 22.04 +/- 28.16

GA: 26.56 +/- 23.29
TA: 20.9 +/- 30.59

0.59
0.88

GA: 26.56 +/- 23.29

TA: 20.9 +/- 30.59

0.47

Means and SD

Means and SD

P-Value

GMAX: 32.29 +/- 21.81

GMED: 34.82 +/- 21.42
GA: 4.88 +/- 2.1
TA: 5.78 +/- 2.34

0.59
0.001
0.001

GMED: 34.82 +/- 21.42

GA: 4.88 +/- 2.1
TA: 5.78 +/- 2.34

0.001
0.001

GA: 4.88 +/- 2.1

TA: 5.78 +/- 2.34

0.45

Means and SD

Means and SD

P-Value

GMAX: 70.44 +/- 45.86

GMED: 55.29 +/- 44.27
GA: 22.23 +/- 6.41
TA: 44.12 +/- 14.93

0.13
0.01
0.01

GMED: 55.29 +/- 44.27

GA: 22.23 +/- 6.41
TA: 44.12 +/- 14.93

0.01
0.25

GA: 22.23 +/- 6.41

TA: 44.12 +/- 14.93

0.05
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^TA=Tibialis Anterior Muscle
^GA=Gastrocnemius Muscle
^GMAX=Gluteus Maximus Muscles
^GMED=Gluteus Medius Muscles
^P=P-Value
^S.D.=Standard Deviation
^P-Value>.05 is not significant
*P-Value<.05 is significant
S.D.=Standard Deviation

Table 5 Comparison of Timing of Maximal Muscle Activation Between Muscles During Run Push.
Results of repeated measure ANOVA performed comparing muscles. Significance level set at
p≤0.05.
MAX % TIME

MAX AMP

MIN % TIME

MIN AMP

AVG AMP

Means and SD

Means and SD

P-Value

GMAX: 57.19 +/- 15.65

GMED: 60.28 +/- 16.76
GA: 63.24 +/- 14.3
TA: 59.83 +/- 16.09

0.52
0.30
0.58

GMED: 60.28 +/- 16.76

GA: 63.24 +/- 14.3
TA: 59.83 +/- 16.09

0.53
0.93

GA: 63.24 +/- 14.3

TA: 59.83 +/- 16.09

0.47

Means and SD

Means and SD

P-Value

GMAX: 534.73 +/- 1667.65

GMED: 843.59 +/- 2079.33
GA: 150.32 +/- 62.1
TA: 102.67 +/- 98.17

0.44
0.33
0.28

GMED: 843.59 +/- 2079.33

GA: 150.32 +/- 62.1
TA: 102.67 +/- 98.17

0.08
0.06

GA: 150.32 +/- 62.1

TA: 102.67 +/- 98.17

0.90

Means and SD

Means and SD

P-Value

GMAX: 21.13 +/- 33.6

GMED: 7.98 +/- 17.51
GA: 20.9 +/- 30.59
TA: 6.14 +/- 14.22

0.09
0.98
0.05

GMED: 7.98 +/- 17.51

GA: 20.9 +/- 30.59
TA: 6.14 +/- 14.22

0.09
0.81

GA: 20.9 +/- 30.59

TA: 6.14 +/- 14.22

0.05

Means and SD

Means and SD

P-Value

GMAX: 52.62 +/- 16.36

GMED: 37.14 +/- 20.73
GA: 5.78 +/- 2.34
TA: 6.89 +/- 3.29

0.001
0.001
0.001

GMED: 37.14 +/- 20.73

GA: 5.78 +/- 2.34
TA: 6.89 +/- 3.29

0.001
0.001

GA: 5.78 +/- 2.34

TA: 6.89 +/- 3.29

0.77

Means and SD

Means and SD

P-Value
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GMAX: 150.74 +/- 327.47

GMED: 219.26 +/- 441.88
GA: 44.12 +/- 14.93
TA: 34.98 +/- 16.84

0.41
0.19
0.16

GMED: 219.26 +/- 441.88

GA: 44.12 +/- 14.93
TA: 34.98 +/- 16.84

0.05
0.05

GA: 44.12 +/- 14.93

TA: 34.98 +/- 16.84

0.91

^TA=Tibialis Anterior Muscle
^GA=Gastrocnemius Muscle
^GMAX=Gluteus Maximus Muscles
^GMED=Gluteus Medius Muscles
^P=P-Value
^S.D.=Standard Deviation
^P-Value>.05 is not significant
*P-Value<.05 is significant
S.D.=Standard Deviation

Table 4 shows the comparison of the timing of
maximal muscle activation between muscles during
walking push. The minimum muscle activation was
significantly higher while walking and pushing a sled in
both the GMax and GMed when compared to GA and
TA (p = 0.001). When comparing the average muscle
activation for each muscle group, the GMax muscle had
significantly greater muscle activation than both the GA
and TA groups (p = 0.01). The GMed muscle also had
a significantly greater average muscle activation than
the GA (p = 0.01).
Table 5 compares the timing of maximal
muscle activation between the muscles during RP. The
minimum muscle activation was significantly higher
while running and pushing a sled in both the GMax and
GMed when compared to GA and TA (p = 0.001). The
GMax minimum muscle activation was also significantly
higher than that of the GMed (p = 0.001).

4. Discussion
The intention of this study was to evaluate the
influence of using the Sled at low and fast speeds on
hip and leg muscle activity in young, apparently
healthy adults. The study presented two main findings,
the first being that muscle activation is similar to W
and WP as well as R and RP, and the second finding is
that the GMax and GMed exhibited higher activation
than the GA and TA when pushing the sled.
As stated above, the first outcome of this
study illustrated that amplitudes of W and WP, as well
as R and RP, are comparable. One explanation for
these results is based on the assumption that while the
amplitude of the muscles remained relatively constant,

other gait parameters were influenced when the speed
and resistance of the tasks were adjusted. Previous
studies using the XPO Trainer Sled have shown that
when compared to similar non-pushing activities,
pushing the sled causes a decrease in stride length and
velocity, along with decreases in the cadence of the
participants’ gait [12]. By decreasing cadence, the
participants spent a greater amount of time on double
limb support, which helped to improve balance and
stability [12]. Based on these results, we infer that
these similarities in muscle activation can be used to
achieve a symmetrical gait pattern and increase motor
control of gait-related movements. Future studies could
compare gait parameters and muscle activation
between pushing and pulling tasks.
Another potential explanation for the amplitude
of the lower extremity muscles being similar
throughout the tasks is that the core or trunk muscles
are more engaged than the lower extremity muscles
when speed and resistance are adjusted. A study
analyzing the differences in postural adjustments while
pushing an object showed that activation of both trunk
muscles and lower extremity musculature significantly
increased while pushing [13]. Trunk musculature plays
a significant role in stabilizing the spine and controlling
posture in tasks that involve pushing an object [13].
However, while the trunk muscles stabilize the spine,
with poor pelvic control over medio-lateral directions,
the ability of the spine to control in the frontal plane is
reduced [14]. As stated by Powers [14], pelvic control
plays a vital role in dynamic trunk stability; therefore,
lower extremity muscles such as the GMax and GMed
are integral in providing trunk stability [14] and are
also important players when considering pushing
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activities such as the sled. Our study furthers the
notion that the lower extremity is not the primary
musculature in response to changes in gait speed and
resistance level. The current study neglected to collect
maximal muscle contraction from the trunk
musculature, making this a limitation. A future study
that compared GMax, GMed, GA, and TA muscle
activation to that of the erector spinae of trunk
musculature during W, WP, R, and RP tasks could
potentially reveal whether the trunk musculature
exhibits an increase in activation when increasing gait
speed with constant resistance.
The second discovery of this study found that
GMax and GMed exhibited higher activation than GA
and TA when pushing the resistance sled. Likewise,
among both pushing tasks, the GA and TA exhibited
similar activation patterns, suggesting that pushing a
resistance sled causes the hip muscles to be more
engaged than the leg muscles. From this, we can infer
that while utilizing such an RT sled, the hip
musculature has both pushing and stability roles. As
Nunes et al., [10] discussed, strong hip musculature,
specifically the GMax and GMed, are necessary to
stabilize the pelvis and hip while controlling lower limb
movements, such as running and other weight-bearing
activities. A previous study by Powers [14] showed that
the hip muscles that maintain a level pelvis in the
frontal plane play an important role in stabilization,
which is important because if GMax and GMed do not
activate higher than the GA and TA, it would be
difficult to elicit forward progression during gait. Neto,
et. al., [15] level for the glute muscles, with the GMax
being one of the primary hip extensors, and hip
extension is a significant kinematic mover for both
step-ups and pushing activities.
Based on the Neto study and our results, it can
be inferred that sled pushing should be recommended
for individuals who require GMax and GMed
strengthening such as hip weakness or hip pathology.
In a previous study by Rosario (2020), it was found
that if the XPO Trainer Sled is used as an RT
mechanism, it will assist in gait kinematics as well as
provide neuromuscular benefits to the patients who
chose this mode of resistance training [9]. While future
studies should focus on the impact of hip and leg
pathologies, they should also look at the muscular
timing of the GMax and GMed muscles when pushing a
resistance sled in comparison to performing other
activities to discern if there is a difference between the
activation times.
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5. Conclusion
The purpose of this study was to evaluate the
effect of using the XPO Trainer Sled at low and fast
speeds on hip and leg muscle activity in young,
seemingly healthy adults. The most significant finding
was that the hip-proximal musculature was more
strongly activated when pushing the sled than the
lower extremity muscles. This information can help
decide which specific group of individuals will most
benefit from resistance sled training. This study also
deepens the understanding of the impact of pushing an
adaptable resistant sled on the hip musculature. Future
research should look at the time of onset for which
each muscle is activated, how long it is activated for,
and if there are any delays or compensations within
each muscle. Future studies should also take time to
explore the neuromuscular effects of pushing this
particular sled on postural muscles, such as those of
the trunk, to discern how these muscles are activated
in healthy individuals. Including a wide range of
participants who are healthy versus those with hip and
leg pathologies would be beneficial to include in a
future study to comprehensively understand the
differences among targeted populations. One limitation
of variability that occurs within this study is the
inability to push all participants against the same
speed, as subjects utilize a self-selected speed and,
therefore, individualized levels of resistance. Because
the resistance of the sled is velocity dependent, the
participants pushed against varying levels of resistance
when they ran at different speeds. Future studies
should explore the impact of this sled at a dictated
speed at a set pace to understand muscle activation
under specified conditions. As a final remark, our
results indicate that the GMax, GMed, TA, and GA are
all active when using the resistance sled; therefore,
each can benefit from sled training. Hence, in light of
our findings, we recommend that clinicians use the
XPO Trainer Sled as a mode of RT to help train
individuals with lower extremity pathologies.
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