
• Understanding neuromuscular performance, balance, 

and functional capacity is foundational to the fields of 

exercise science, strength and conditioning, and 

clinical rehabilitation. Practitioners and researchers 

rely on these variables to assess baseline physical 

function, evaluate physiological adaptations to 

training, and design and refine evidence-based 

exercise programming (Proske & Allen, 2005; Byrne 

et al., 2001).

• While laboratory assessments, such as isokinetic 

dynamometry, isometric mid-thigh pull (IMTP), and 

force-plate balance testing, are considered gold 

standards, there is a notable lack of published 

reliability data in healthy young adults. This is 

particularly true when these assessments are 

administered as a comprehensive testing battery 

rather than in isolation. Establishing the reliability, 

feasibility, and consistency of these measures is a 

prerequisite for their application in more complex 

clinical or aging populations (Tidball, 2011).

• This study evaluates the test-retest reliability and 

feasibility of a versatile neuromuscular and balance 

protocol. To account for variables that may influence 

the consistency of outcomes, such as biological sex 

and hormonal status, the protocol is assessed across 

three distinct groups: males, naturally cycling 

females, and females using hormonal birth control 

(Elliott-Sale et al., 2021; Bhatia et al., 2014).

• By determining whether these methods yield 

repeatable outcomes across diverse groups of 

healthy young adults, this pilot study provides the 

necessary framework for future research into 

neuromuscular aging, sex-based performance 

differences, and the impact of hormonal fluctuations 

on physical capacity.
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Participant Criteria

Inclusion Criteria

• Healthy young adults aged 18–35 years 

• Male, naturally cycling female, or female using 

hormonal birth control 

• No recent lower-body injury (≤ 3 months) 

• Free from known cardiovascular, metabolic, 

neurological, or musculoskeletal conditions that 

would limit maximal strength or functional testing 

• General health status verified using the PAR-Q+ 

Pre-Testing Guidelines

• Refrain from structured vigorous exercise for at 

least 12 hours prior to testing 

• Avoid activities that may induce muscle soreness 

for 24 hours prior 

• Maintain normal dietary intake 

• Avoid caffeine for at least 3 hours prior 

• Report any illness, injury, or unusual soreness prior 

to testing

Data Processing

• All data will be screened for completeness, 

normality, and outliers prior to analysis. Descriptive 

statistics will be reported as mean ± standard 

deviation (SD).

Reliability Analysis

• Test-retest reliability between Visit 1 and Visit 2 will 

be assessed using intraclass correlation coefficients 

(ICC; two-way mixed effects model, absolute 

agreement) (Koo & Li, 2016).

• Measurement error will be quantified using:

• Standard error of measurement (SEM) 

• Minimal detectable change (MDC₉₅) 
• ICC values will be interpreted as poor (<0.50), 

moderate (0.50–0.75), good (0.75–0.90), and 

excellent (>0.90) (Koo & Li, 2016).

Agreement Analysis

• Agreement between visits will be evaluated using 

Bland–Altman plots, including mean bias and limits 

of agreement.

Group Comparisons (Exploratory)

• Exploratory analyses will be conducted to examine 

potential differences between males, naturally 

cycling females, and females using hormonal 

contraceptives using one-way ANOVA.

• Statistical significance will be set at α = 0.05. 

• All analyses will be performed using IBM SPSS.
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Purpose and Hypotheses

Purpose

• To evaluate the reliability and feasibility of a 

comprehensive neuromuscular testing battery, 

including assessments of strength, power, balance, 

and body composition in healthy young adults, while 

also examining potential differences in performance 

between males, naturally cycling females, and 

females using hormonal birth control.

Hypotheses

• It is hypothesized that the neuromuscular testing 

battery will demonstrate high test-retest reliability 

and be feasible to administer in healthy young 

adults.

• Additionally, it is hypothesized that neuromuscular 

performance outcomes may differ between males, 

naturally cycling females, and females using 

hormonal birth control.
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Functional Testing

• Balance: Force plates (eyes open/closed) 

• 2 feet; 30 seconds

• Handgrip strength 

• 3 maximal contractions per hand

• Chair-rise test 

• Timed Up-and-Go 

Experimental Design

Participants will complete two laboratory visits separated by 5–10 days. Visit 1 will include consent, screening, 

and body composition assessment. Visit 2 will repeat all neuromuscular and functional testing procedures.

• This study will strengthen the methodological 

foundation of neuromuscular assessment in 

exercise science and related fields.

• The inclusion of males, naturally cycling females, 

and hormonal contraceptive users addresses a 

notable gap in the literature regarding how 

biological sex and hormonal status may influence 

the consistency of neuromuscular performance 

outcomes.

• Findings from this pilot study will inform larger-

scale investigations focused on aging populations, 

particularly peri- and postmenopausal women, 

where declines in muscle function and balance 

have significant health implications. By first 

establishing that this testing battery is safe, 

feasible, and reliable in a young, healthy 

population, this project reduces risk and uncertainty 

when applying these methods in more vulnerable 

groups.

• Overall, this research will contribute to improved 

standardization of neuromuscular testing protocols, 

enhance reproducibility in exercise physiology 

research, and support more precise, evidence-

based approaches to performance assessment and 

rehabilitation.

Testing Overview

Strength Testing

• Isometric mid-thigh pull (IMTP) 

• 140° knee angle, 5 seconds

• 3 repetitions

• Isometric knee extension

• 60°, 5 seconds, 2 repetitions

• Isokinetic knee extension 

• 60°/second , 3 repetitions

Body Composition

• Height and weight • Whole-body DEXA scan (Visit 1 only)

Standardization

• Standardized dynamic warm-up prior to 

testing

• Controlled rest periods between trials

• Pre-testing guidelines enforced (exercise, 

caffeine, diet)

• Identical testing order across visits
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