DETERMINE THE EFFECTS OF HIGH-INCLINE WALKING ON BIOMECHANICAL VARIABLES
AND EMG PATTERNS ON DIFFERENT TREADMILL DECK SYSTEMS

Abstract

While walking at ground and treadmill are common mode of exercise, treadmill walking has
gained popularity recently. Purpose: The purpose of this study 1s to determine whether the
type of treadmill deck influences surface electromyography (EMG) patterns and impact
forces at a high incline (20% grade) compared to a low incline (1%). Methods: Physically
inactive individuals of 18-59 years will take part in the study. Participants (n=30) will
perform two high-incline (20%) walking sessions and two low-incline (1%) exercises on two
different treadmills (NordicTrack Commercial X221 and Trackmaster TM X425 Medical
Treadmill). EMG markers will be place over the Tibialis Anterior (TS), Soleus (SL), Lateral
Gastrocnemius (LG), Biceps Femoris (BF), Gluteus Maximus (GM),Anterior Deltoid (AD),
and the Erector Spinae (ES). Trident Inertial Measurement Units (IMU) will be place on the
dorsal aspect of the foot (top), mid-point of the shank, mid-point of the thigh, and sacrum
(lower back) to measure changes in acceleration (movement) and impact forces.
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Research Gap
* Even though multiple studies looked over the impact of surfaces at different inclines in
biomechanics (gait, impact forces, tibial acceleration, and muscle activation), still the
impact of surfaces has not been examined using different treadmill manufacturers.

Introduction

Real World

* Treadmills are the most reliable and efficient way to perform physical activities.

* Better way to control speed and grade, can be used in all weather conditions.

* As per the report of IHRSA Health Club Consumer Report from 2019 treadmill topped the
ranking as a popular mode of exercise.

Research World

* Treadmills are the most likely mode of assessment 1n clinical and research settings.

* Control over speed, grade and surface provides researchers a better control.

Significant Variable

* “Cushioning” is considered a significant difference between different treadmills
manufacturers (Nordic, Bowflex, Horizon).

* Running over cushioned deck treadmills was reported to improve leg stiffness by reducing
the impact forces. Hence improve the efficiency of running (Kerdok et al., 2002; Shi et al.,
2019).

Research Background

* Walking over high-incline reduces the impact forces and increases lower extremity muscle
activation, which made 1t difficult to compare results between different treadmill deck

systems (Dixon et al., 2000; Gidley et al., 2020; Haggerty et al., 2014; Lay et al., 2006)
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* (Lange et al., 1996)

Purpose
* The purpose of this study 1s to determine whether the type of treadmill deck influences
surface electromyography (EMG) patterns and impact forces at a high incline (20%
grade) compared to a low incline (1%)

Methods

Participants

* 30 participants including Males and Females, 18-59 years, engaged in less than 150
minutes of moderate aerobic physical activity a week or 75 minutes of vigorous-
intensity aerobic physical activity, consistently within the past 6 months.

Pre-collection

* All participants will complete the Physical Activity Readiness Questionnaire (PARQ+)
and written informed consent before participating in the study.

* Surface EMG electrodes (a simple sticky electrode) will be placed over the shin
(Tibialis Anterior), the calf muscle (Soleus), the side of the calf (Lateral
Gastrocnemius), the back of the thigh (Biceps Femoris), the upper glute (Gluteus
Maximus), Shoulder ( Anterior Deltoid), and the side of the spine (Erector Spinae).

* Trident Inertial Measurement Units (IMU, also sticky skin sensors) will be placed on
the dorsal aspect of the foot (top), mid-point of the shank, mid-point of the thigh, and
sacrum (lower back) to measure changes in acceleration (movement) and impact forces.

MYVC protocol

* Participants will be asked to perform three maximum voluntary contractions (MVC)
trials for each of the leg muscles being recorded on the right leg.

* An MVC tnial consists of contracting the specific muscle as forcefully as possible for a
few seconds and obtaining a baseline recording.

* Participants will give a rest period of at least 2-minutes between each MVC trial.

Rating of perceived exertion

* The Borg RPE scale will be used to determine the submaximal speed for both a 20 %
incline and a 1% incline.

* As per the Borg RPE scale, 6 1s expressed as no exertion at all, and 20 1s maximal
exertion (Borg, 1982).

Part 1: Determining jogging speed

 Participants will be asked to establish a jogging speed on Trackmaster TM X425
Medical Treadmill, at 1% grade, that they feel they could comfortably maintain for 40-
minutes to an hour.

* Rate of perceived exertion (RPE) that 1s considered “light-moderate” intensity, or an 11
on the BORG 6-20 scale.

Part 2: Jogging test

 Participants will jog on the Trackmaster TM X425 Medical Treadmill at 1% grade at the
established speed for 2-minutes.

* EMG and IMU data will be recorded during the last 30-seconds on the treadmill.

* After the participant 1s done, they will walk a short distance (~201t) to the NordicTrack
Commercial X221 treadmill and begin jogging for 2-minutes at a 1% incline.

* EMG and IMU data will be recorded during the last 30-seconds on the treadmill.

 Participants will fully recover for ~5-10 minutes.

Part 3: Determining walking speed

 Participants will be asked to establish a walking speed on the Trackmaster TM X425
Medical Treadmill at a 20% incline that they feel they could comfortably maintain for 40-
minutes to an hour

* Rate of perceived exertion (RPE) that 1s considered “light-moderate” intensity, or an 11 on
the BORG 6-20 scale.

 Participants will then rest for 2-minutes before starting the data-collecting portion of the
test.

Part 4: Walking test

 Participants will walk at 20% grade on the Trackmaster TM X425 Medical Treadmill at the
established speed for 2-minutes.

 EMG and IMU will be recorded during the last 30-seconds on the treadmill.

* After the participant 1s done, they will walk a short distance (~201t) to the NordicTrack
Commercial X221 treadmill and begin jogging for 2-minutes at a 20% incline.

* EMG and IMU data will be recorded during the last 30-seconds on the treadmull.

Expectations
* There will be a significant effect of high-incline (20%) walking on muscle activation and
tibial acceleration as compared to a low incline (1%).

Significance

* We can gain a better understanding of the impact of treadmill designs on exercise and
help inform future treadmills development.
* Will help to select appropriate treadmill for research studies conducting across worlwide.
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