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Abstract 

The aim of this study was to investigate the validity and test-retest reliability of an IMU (Output 

V2) compared to a force plate (Kistler, Winterthur, Switzerland) for measuring countermovement 

jump (CMJ) and drop jump (DJ) performance metrics. In a randomized crossover study design, 

male athletes (n=17; age: 22.3±2.3 years) performed three CMJ and DJ maximal effort trials, with 

the force plate and the IMU concurrently recording jump performance data. The intraclass 

correlation coefficient (ICC [consistency]), Cronbach's alpha, coefficient of variation (CV), and 

standard error of measurement (SEM) were calculated to determine test-retest reliability. Validity 

(i.e., between-instruments comparison) was assessed using unpaired t-test, Pearson correlation, 

ICC (absolute agreement), concordance correlation coefficient (CCC), and Bland-Altman plots. 

Test-retest reliability of IMU was good to excellent for both tools (ICC lower limit ≥ 0.857, 

Cronbach's α ≥ 0.977, CV ≤ 2.3%, relative SEM ≤ 2.72%). Compared to the force plate, the IMU 

measured similar (between-instruments p > 0.05) CMJ height, DJ height, reactive strength index, 

and DJ contact time, with almost perfect Pearson correlations (r ≥ 0.983), substantial CCC (ρc ≥ 

0.952), and good to excellent ICC values (≥ 0.860). Bland–Altman plots showed negligible bias 

and strong agreement. The IMU Output V2 was found to be valid and reliable when compared to 

a force plate for measuring CMJ and DJ performance metrics. The Output V2 IMU's cost-

effectiveness, portability, and ease of use via mobile devices make it a practical alternative for 

field assessments.  

 

Keywords: plyometric exercise, athletic performance, sports technology, wearable sensors, 

stretch-shortening cycle, micro-electromechanical systems, IMU. 
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1. INTRODUCTION 

Jump performance can impact athletic output in various sports, such as basketball, volleyball, and 

football.1, 2 Traditionally, force plates are considered the gold standard technology for quantifying 

jump-related performance measures (e.g., force, impulse).3 However, force plates can be expensive 

and not portable (e.g., plates embedded in the ground). They may face other logistical issues (e.g., 

highly-trained personnel needed to use the equipment).4 Nonetheless, less expensive, portable, 

user-friendly measurement systems have been developed and validated (e.g., jump mats, laser-

operated devices, motion capture systems, mobile applications), although these systems are limited 

in their ability to obtain real-time data during competition or training.5  

 

However, more accessible technologies are available to obtain jump-related performance 

measures, such as inertial measurement units (IMU).6 An IMU is a compact device that combines 

an accelerometer, gyroscope, and magnetometer to capture motion dynamics in real time, making 

it suitable for applications in biomechanics and sports performance analysis.7, 8 The ability of IMUs 

to operate outside laboratory settings allows for data collection essentially anywhere, which is 

crucial for understanding athletic performance in real-world conditions.9  

 

Custom-designed IMUs (i.e., not commercially available) have been investigated. For example, 

Keskinoğlu et al.5 developed an IMU with the jump meter on an athlete's shorts to assess jump 

metrics using raw acceleration signals and demonstrated high accuracy compared to a jump mat. 

Similarly, Schleitzer et al.10 developed a dual sensor IMU (mounted on the participant´s sternum 

and ankle) to detect jump take-off and landing events for estimating jump height using flight time. 

They demonstrated high reliability compared to force platforms.  



4 
 

Regarding commercially available IMUs, Comyns et al.4 reported on the reliability and validity of 

the Output V1 Sensor (Output Sports, Dublin, Ireland) for measuring countermovement CMJ-

related performance metrics. However, Montoro-Bombú et al. 11 reported a poor reliability for the 

Output V1 Sensor in measuring drop jump (DJ) related performance metrics (e.g., ground contact 

time, reactive strength index [RSI], jump height). An updated version of the Output V1 Sensor was 

commercially released, the Output V2 Sensor (Output Sports, Dublin, Ireland). Perrotta et al.12 

reported high test-retest reliability and a high level of agreement between the Output V2 Sensor 

IMU and force plates (concurrent validity) to measure CMJ height in female athletes. However, 

considering the poor reliability of the Output V1 Sensor in measuring DJ-related performance 

metrics,11 the usability of the Output V2 Sensor IMU to assess jump-related performance metrics 

derived from jump tests other than the CMJ is yet to be investigated. The lack of studies validating  

commercially available IMUs may be considered a critical issue requiring research attention, 

because it is important for athletes to be assessed using different jump tests (e.g., CMJ; DJ), as 

these can involve different biological and/or biomechanical factors related to athletic performance 

(e.g., muscle power; muscle-tendon stretch-shortening cycle [SSC]).13,14  

 

Indeed, CMJ is associated with sprinting,15 maximal isometric strength,16 change of direction 

performance (overall),17 slow SSC (e.g., jumps involving foot-ground contact times >250 ms), 

profiling performance,18 neuromuscular fatigue,19 and assisting during the return to sport after 

injuries.20 Whereas the DJ is associated with maximal dynamic strength, change of direction 

performance (deceleration-acceleration transitioning), endurance performance,21 fast SSC (e.g., 

jumps involving foot-ground contact times <250 ms),22, 23 and with the efficiency of the 

transitioning from eccentric to concentric muscle-tendon actions, usually taking into consideration 
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the ratio between the foot-ground contact time and the flight time of the jump (i.e., reactive strength 

index [RSI]).24  

 

The study that assessed the Output V2 Sensor IMU included female participants.12 The reliability 

and validity of IMU systems might vary between males and females.25 Therefore, studies on males 

are required to reduce the uncertainty on the Output V2 Sensor IMU to assess jump-related 

performance metrics in athletes (males and females). Further, although the CMJ-related 

performance results obtained with the Output V2 Sensor IMU were compared against the data 

obtained with the gold standard (i.e., force plate), the statistical approach comparing results 

between measurement devices (i.e., mean differences, effect sizes, Pearson's r, Bland–Altman 

plots) may benefit from a complementary statistical perspective,12 such as Lin's concordance 

correlation coefficient26 and intraclass correlation coefficients (two-way random-effects, single 

measures, absolute agreement model), particularly based on the ICC lowest 95% CI.27   

 

Therefore, this study aimed to investigate the validity and test-retest reliability of an IMU (Output 

V2) compared to a force plate (Kistler, Winterthur, Switzerland) for measuring both CMJ and DJ 

performance metrics in collegiate athletes. 

 

2. MATERIAL & METHODS  

2.1 Participants  

The sample size estimation was performed using G*Power software 3.1.9.7. (University of 

Dusseldorf, Dusseldorf, Germany). For the correlation bivariate model, a two-tailed test with ρ H₁ 

= 0.982 (correlation obtained in a previous study4 for CMJ height) and ρ H₀ = 0.90 (assumed null 



6 
 

hypothesis correlation), with a significance level of α = 0.05, the required sample size was 

determined to be n = 13 participants. Male college athletes (n = 17; age: 22.3 ± 2.3 years, height: 

169.7 ± 8.0 cm, body mass: 64.8 ± 7.1 kg) from football (n = 6), basketball (n = 3), volleyball (n 

=3), athletics (n = 3), badminton (n = 1), and hockey (n = 1) volunteered to participate in this study. 

The inclusion criteria were as follows: (i) athletes who participated in inter-college competitions; 

(ii) a minimum of one year of formal training experience in their respective sports; (iii) active 

participation in their respective sport for at least five hours per week; (iv) free from lower limb 

injuries in the past six months that could restrict the participants from performing the jumps. Prior 

to recruitment, the participants were informed about the procedures of the study, associated 

benefits, and risks. Thereafter, written informed consent was obtained from each participant. The 

study was approved by the Sports Authority of India – Lakshmibai National College of Physical 

Education and was conducted according to the updated version of the Declaration of Helsinki.   

 

2.2 Instrumentation    

2.2.1 Force Platform  

The criterion reference used in the study to assess jump performance was the Kistler 9286BA (600 

mm × 400 mm × 35 mm; mass: 17.5 kg) force platform (Kistler, Winterthur, Switzerland). The 

force platform transmitted the raw data to a data acquisition system (DAQ, Type 5691A1, Kistler) 

using a connection cable (Type 1759A, Kistler). Thereafter, the data acquisition system converted 

the analog signals into digital data at a sampling rate of 1,000 Hz, which was connected to a laptop 

through a USB 2.0 cable where the digital data was automatically analyzed using Kistler BioWare 

software (version 5.3.0.7). The force platform has an excellent center of pressure accuracy, 
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with maximum errors of around 2 mm in the x/AP and y/ML directions. The plate offers a wide 

measuring range (0-10 kN) and a high natural frequency (>400 Hz).28  

 

2.2.2 Inertial Measurement Unit Device  

The Output V2 sensor (Output Sports, Dublin, Ireland) (50 mm × 33 mm × 15 mm; mass: 21 g) 

was worn on the left shoe as per the directions of the manufacturer.11 The IMU device strap was 

readjusted manually after each maximal jump trial to ensure accurate measurements. The IMU 

device integrated an accelerometer (± 2g-16, 16 bit), a magnetometer (± 1300 Mt [x, y axis], ± 

2500 µT [z axis]), and a gyroscope (± 125-2000 dps, 16 bit).29 The IMU device recorded the data 

with a 1,000 Hz sampling frequency and provided real-time data to the Output Capture Application 

(version 2.7.2) that was installed on an Android device and connected via Bluetooth (version 5.2) 

with the IMU. The data of all participants were recorded in the application and later exported to 

the computer in a .csv file.  

 

2.3 Procedure   

2.3.1 Familiarization Session  

Prior to the data collection, all participants underwent two familiarization sessions of the testing 

protocols for both the CMJ and DJ tests. During the first familiarization session, the techniques of 

CMJ and DJ were demonstrated and explained to all participants by a certified strength and 

conditioning coach. The participants were also made familiar with the warm-up protocol to be used 

during the study. The feedback on the correct technique (e.g., minimizing ground contact time 

during DJ) for both jumps was also provided. During the second familiarization session, both 

jumps were practiced, and minor corrections were made. No additional familiarization sessions 



8 
 

were conducted as the participants were able to perform the jumps with the correct form and 

technique. The height and body mass of the participants were also collected during these sessions 

using a Seca 284 (Seca, Hamburg, Germany) scale.  

 

2.3.2 Warm-up  

Before the testing session, the participants performed a 10-minute standard RAMP (i.e., raise, 

activate, mobilize, and potentiate) warm-up protocol,30 which consisted of four minutes of light to 

moderate intensity jogging on a synthetic athletic track, followed by one minute of static stretching, 

three minutes of dynamic movements through the full range of motion (walking on toes, heels, 

knee to chest, hip internal & external rotation, hip hinge, lunge & rotate, deep lunge, body weight 

squats), and two-minute low-intensity jumps (standing pogo, CMJ, DJ).  

 

2.3.3 Testing Protocol 

The participants were asked to refrain from any extraneous physical activity 24 hours before the 

testing session. Data collection occurred on a single day for all participants under a controlled 

laboratory environment (temperature: 25 °C; time: 9 AM – 2 PM). Each participant performed 

three maximal effort trials for the CMJ and the DJ in a randomized crossover manner (using the 

research randomization tool available at www.randomizer.org), with a rest interval of one minute 

between trials. 

 

2.3.3.1 Countermovement Jump  

Participants were instructed to stand with their feet shoulder-width apart on the force platform. 

The participants were instructed to keep their hands on their waist and were not allowed to move 

http://www.randomizer.org/
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them to minimize the influence of the arm swing. Upon receiving a verbal cue, the participants 

performed a downward movement (eccentric contraction) followed by an upward movement 

(concentric contraction), leading to a vertical jump. No flexion was allowed during the flight. If 

flexion was observed, the trial was rejected, and a new trial was performed. Vertical jump height 

was concurrently recorded using both the IMU and the force platform. 

 

2.3.3.2 Drop Jump  

Participants performed a DJ from a standard height (30 cm) and were instructed to keep their hands 

on their waist and to jump as high as possible upon landing. The participants were also verbally 

instructed to minimize the ground contact time on the first landing prior to the vertical jump. 

Participants were asked to drop using only the left leg to make the protocol consistent. The 

participants were not allowed to flex their knees during the flight phase of the jump. Drop jump 

height, RSI, and contact time (CT) were concurrently recorded using both the IMU and the force 

platform. For the IMU and the force plate, the RSI was calculated as jump height (m) ÷ contact 

time (s).24 

 

2.4 Statistical Analysis  

The descriptive statistics of variables are reported as means and standard deviations. The normality 

of data was verified using the Shapiro-Wilk test. The three maximal effort trials for the CMJ and 

the DJ were used for reliability and validity analyses. Test-retest reliability was assessed using the 

intraclass correlation coefficient (ICC) using a two-way random-effects, single measures, 

consistency model.31 This assessment corresponds to the ICC (C,1) model according to McGraw 

and Wong 32 and uses the formula  
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ICC = 
𝑀𝑆𝑅−𝑀𝑆𝐸

𝑀𝑆𝑅+(𝑘−1) 𝑀𝑆𝐸
 (1)  

where 𝑀𝑆𝑅– mean square for rows, 𝑀𝑆𝐸  – mean square for error, k – number of trials)  

for the ICC (3,1) model as described by Shrout and Fleiss 33. The interpretation was based on the 

lower bound of the 95% confidence interval as poor (<0.5), moderate (0.5–0.75), good (>0.75–

0.9), or excellent (>0.9).27 The ICC’s consistency model was used to assess the trial-to-trial 

reliability of jumps, evaluating the degree to which repeated trials ranked participants consistently 

while allowing for potential systematic differences in absolute scores between trials. Internal 

consistency of repeated trials was further evaluated using Cronbach’s α  

ICC = (
𝑘

𝑘−1
(1 − 

∑ 𝜎𝑌𝑖
2𝑘

𝑖=1

𝜎𝑋
2 )      (2)  

where k – number of items, 𝜎𝑌𝑖

2  – variance of item i, 𝜎𝑋
2 – variance of the total scores across all 

items), indicating the extent to which the trials measured the same underlying performance 

construct, with values ≥0.70 considered acceptable. Measurement error was quantified via the 

coefficient of variation (CV), calculated as (
𝑆𝐷

𝑀𝑒𝑎𝑛
)×100, where values <10% were deemed 

acceptable.34 ICC assumes homoscedasticity (i.e., constant variance across the measurement 

range) and can be inflated by between-subject variability. Therefore, it was supplemented with the 

standard error of measurement (SEM), which is independent of between-subject variability.35 It 

was derived from repeated measures ANOVA as √MSerror (mean square error) for absolute SEM 

and (
𝑆𝐸𝑀

𝑀𝑒𝑎𝑛
)×100 for relative SEM for relative SEM.31  

 

Absolute agreement between measurement systems was examined using a two-way random-

effects, single measures, absolute agreement ICC model.31 It corresponds to ICC (A,1) notation by  

McGraw and Wong 32 and ICC (2,1) 
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ICC = 
𝑀𝑆𝑅−𝑀𝑆𝐸

𝑀𝑆𝑅+(𝑘−1) 𝑀𝑆𝐸+ 
𝑘 (𝑀𝑆𝐶−𝑀𝑆𝐸)

𝑛

,     (3) 

where 𝑀𝑆𝑅– mean square for rows,𝑀𝑆𝐶 – mean square for columns, 𝑀𝑆𝐸  – mean square for error, 

k – number of trials, n – number of participants) according to Shrout and Fleiss 33 with the same 

interpretation thresholds as reliability. The ICC’s absolute agreement model was used to assess the 

agreement between the two measurement devices, evaluating both the consistency of rankings and 

the closeness of the actual measurement values. Additionally, the concordance correlation 

coefficient (CCC) was computed to assess reproducibility, following Lin’s method,26 with the 

formula:  

CCC = (
2𝜌𝜎𝑥 𝜎𝑦

𝜎𝑥
2  + 𝜎𝑦

2  +(𝜇𝑥 − 𝜇𝑦)2),             (4)  

where ρ is the Pearson correlation coefficient, σ represents standard deviations, and μ denotes 

means, where ρ is the Pearson correlation coefficient, σ represents standard deviations, 

and μ denotes means. The CCC was interpreted based on the lower bound of the 95% confidence 

interval as poor (<0.90), moderate (0.90–0.95), substantial (>0.95–0.99), or almost perfect 

(>0.99).36 Systematic bias between instruments was evaluated using unpaired t-tests supplemented 

by Hedge's g effect size (ES), categorized as trivial (<0.2), small (0.2–0.6), moderate (>0.6–1.2), 

or large (>1.2–2.0).37 Pearson's correlation coefficient (r, 
∑ (𝑥𝑖− 𝑥̅𝑛

𝑖=1 ) (𝑦𝑖− 𝑦̅) 

√∑ (𝑥𝑖− 𝑥̅)2𝑛
𝑖=1  √∑ (𝑦𝑖− 𝑦̅)2𝑛

𝑖=1  
 ) was also 

calculated to assess the strength and direction of the linear relationship between the measurements 

obtained from the two measurement devices, with magnitudes classified as trivial (≤0.1), low 

(>0.1–0.3), moderate (>0.3–0.5), high (>0.5–0.7), very high (>0.7–0.9), or almost perfect (>0.9–

1.0).37 Bland-Altman plots were generated to illustrate agreement between the force plate and the 

IMU.38 All statistical analyses were performed using SPSS 23.0.0 (IBM, New York, USA). The 
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CV, SEM, and ES were computed in Microsoft Excel (Microsoft, California, USA). The 

significance level was established at p ≤ 0.05.  

 

3. RESULTS  

Table 1 presents the descriptive statistics, comparative analysis, ICC, and Pearson correlation 

values for the jump performance variables assessed using the force platform and the IMU Output 

V2. For the jump performance metrics CMJ height, DJ height, DJ RSI, and DJ CT, no difference 

was found between the values obtained with the force platform compared to the IMU Output V2 

(p ≥ 0.441, ES = 0.08 to 0.15 [trivial]), with good to excellent ICC (0.860 to 0.957), nearly perfect 

correlation (r ≥ 0.983; p < 0.001) and determination coefficient r2 (Figure 1). 

 

***Insert Table 1 about here*** 

***Insert Figure 1 about here*** 

 

The force platform demonstrated excellent reliability across all jump metrics (Table 2), with ICC 

ranging from 0.912 to 0.954, Cronbach's alpha values ≥0.986, and acceptable CV values (<1.8%). 

Similarly, the IMU Output V2 exhibited good to excellent reliability for all jump metrics, with ICC 

values ranging from 0.857 to 0.923, Cronbach's alpha values ≥0.977, and acceptable CV values 

(<2.3%). The low absolute and relative SEM demonstrated by the IMU Output V2 indicated high 

test-retest reliability across all measures (Table 2).  

 

***Insert Table 2 about here*** 
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The Bland–Altman plots (Figure 2) indicated minimal bias and narrow limits of agreement 

between the force platform and the IMU Output V2 for all four jump performance measures. The 

plots demonstrated significant agreement between the devices, with average differences falling 

within the 95% limits of agreement (i.e., average difference ± 1.96 standard deviations of the 

difference). The distribution of scores in all plots was centered around the bias line, with no 

evidence of proportional bias. Furthermore, Lin’s CCC showed substantial agreement between 

measures of force platform and the IMU for all metrics: CMJ height (ρc  = 0.978, 95% CI: 0.963–

0.987), DJ height (ρc  = 0.990, 95% CI: 0.982–0.994), DJ RSI (ρc  = 0.971, 95% CI: 0.952–0.983), 

and DJ CT (ρc  = 0.985, 95% CI: 0.974–0.991). 

 

***Insert Figure 2 about here*** 

 

4. DISCUSSION  

The IMU Output V2 is valid and reliable when compared to a force plate (i.e., gold standard) for 

measuring CMJ and DJ performance metrics. Indeed, the IMU Output V2 allows measures of jump 

performance with an acceptable (i.e., low) coefficient of variation. Additionally, the CMJ height, 

DJ height, DJ RSI, and DJ CT measures were similar using either the force plate or the IMU Output 

V2 (all comparisons p>0.05, trivial ES), with no proportional bias observed in the Bland-Altman 

plots. These findings highlight the validity and reliability of the IMU Output V2 to measure jump 

performance, comparable to a force plate, although with the advantage of the IMU cost-

effectiveness, portability, and ease of use via mobile devices, making the IMU Output V2 a 

practical alternative for jump performance field assessments. The innovation of the present study 

lies in its methodological design and scope. Unlike previous studies that focused solely on CMJ4, 
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12  or reported inconsistent findings in DJ assessment using older IMU models,11 the current study 

concurrently assessed both CMJ and DJ metrics using the updated Output V2 IMU against a gold-

standard force platform. This study is the first study, to the author’s knowledge, to validate and 

test the reliability of Output V2 IMU across both jump types in collegiate athletes. 

 

The test-retest reliability results of CMJ height of the present study (ICC 0.97, 95%CI 0.92-0.99; 

≤1.1% CV) align with thresholds suggested to achieve robust reliability (e.g., ICC ≥0.8; CV 

≤10.0%).39 Further, current results are consistent with those from earlier investigations by Comyns 

et al.4 and Perrotta et al.12 Comyns et al.4 reported an ICC of 0.98 (95%CI 0.96-0.99), and ≤3.8% 

CV, whereas Perrotta et al. 12 reported ICC of 0.85 (95% CI 0.79-0.89) and 5.4% CV. Additionally, 

the test-retest reliability of the Kistler force platform is in line with a previous study by Barefoot. 

40 Furthermore, when the CMJ height measured with the IMU Output V2 was compared against 

the force platform, an r = 0.98 and r2 = 0.97 were obtained, which is in line with previous studies 

by Comyns et al.4 that reported r =  0.98 and r2 = 0.96, and by Perrotta et al.12 that reported r = 

0.87 and r2 = 0.76. 

 

A previous study by Montoro-Bombú et al.11 reported poor test-retest ICC for DJ RSI (95% CI 

lower bound = 0.151) using a previous version of IMU used in the present study,11 whereas the 

results of the present study obtained good test-retest ICC (95% CI lower bound = 0.86). 

Furthermore, Montoro-Bombú et al.11 reported a CV ≤32.2% for the IMU, which is unacceptable 

for test-retest reliability.34 Of note, in the Montoro-Bombú et al.  study,11 the CV for the force 

platform was ≤38.8%, suggesting that the participants' performances varied significantly across 

trials, probably due to uncontrolled methodological issues (e.g., sub-optimal warm-up; data mixed 
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from participants of different sexes and athletic levels). Additionally, the Bombú et al. study11  

reported poor test-retest ICC for CT (95% CI lower bound = 0.291) and moderate ICC for DJ 

height (95% CI lower bound = 0.773) using the previous version of IMU (i.e., Output V1). These 

results contrast with the present study’s findings, which showed an excellent ICC for CT (95% CI 

lower bound = 0.957) and DJ height (95% CI lower bound = 0.957). Moreover, CV ≤21.1% and 

≤25.6% were reported for DJ CT and DJ height using the  IMU Output V1,11 whereas the present 

study reported CV values of ≤1.6% for both DJ CT and DJ height. The potential reason for the 

improved reliability in the DJ outcomes may be the update in the hardware version in the present 

study from the study by Montoro-Bombú et al.11 Montoro-Bombú et al.11 used the older version 

of the IMU used in the present study (i.e., Output V1), whereas the present study incorporated the 

IMU Output V2, which includes several updates (e.g., reduced mass and volume; magnetometer 

with a refined range, potentially contributing to improved signal stability and power efficiency; 

Bluetooth 5.2). Although specific algorithmic updates were not disclosed by the manufacturer, 

these updates appear to improve signal quality, enhance event detection and metric computation, 

and integrate data from tri-axial accelerometers, gyroscopes, and magnetometers by applying 

machine learning models trained on larger, more diverse datasets. 

 

The field of sports science is continuously evolving, and so is the technology used in sports science 

equipment. However, despite this rapid growth, it remains unclear whether these devices meet the 

criteria for reliability and validity. A review article by Peake et al.41 reported that only 5% of the 

devices have been formally validated and tested in real-world settings. Therefore, it is essential for 

researchers to validate these sports science tools in various environments to enhance the accuracy 

of measurements.10 Of note, selecting the appropriate statistical treatment to evaluate the reliability 
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and validity of the equipment is critical. Reporting only mean differences and correlations is 

insufficient; a thorough analysis is needed to reveal consistency,34 agreement,38 reproducibility,26 

and measurement error.31 Inadequate statistical treatment can lead to overlooking bias, 

overestimating reliability,27, 39 or misrepresenting a device's practical usefulness. ICC is often used 

as a measure of reliability;31 however, its value is highly dependent on between-subjects 

variability; a large ICC can mask poor trial-to-trial consistency if the sample is very heterogeneous, 

while a low ICC can occur despite small measurement error if the sample is very homogeneous.31, 

35 In contrast, the SEM provides an absolute index of reliability, quantifying the expected trial-to-

trial noise in the data in the original units of measurement. Because the SEM is not affected by 

between-subjects variability, its inclusion alongside the ICC provides a more complete and stable 

estimate of measurement error, offering practitioners insight into the precision of an individual 

score.31, 35 Proper methods ensure that differences or agreements reflect true performance rather 

than chance, which is vital for informed decisions in athletic monitoring and performance 

assessment. 

 

The practical implications of this research are greatly significant for coaches and practitioners who 

are looking for effective and accurate methods to evaluate athletic performance. The IMU Output 

V2 portability, affordability, validity, and reliability make it a viable alternative to conventional, 

laboratory-based in-ground force platforms. These attributes allow practitioners to perform 

frequent assessments (pre-, mid-, and post-training) in field conditions without the need for costly 

or cumbersome equipment.42 This portability means that coaches can seamlessly incorporate jump 

performance testing into regular training routines, providing athletes with real-time feedback. This 

ability can assist in customizing training programs to meet individual athletes' requirements, 
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tracking progress, and adjusting training loads to enhance performance. Additionally, by 

consistently monitoring neuromuscular fatigue and the risk of injury, practitioners can mitigate the 

chances of overtraining or injury, thereby improving both athlete longevity and performance.43 

The capability to conduct quick and accurate evaluations using the IMU Output V2 also may 

empower coaches and trainers to make data-driven choices in competitive situations, where prompt 

insights can result in performance improvements and strategic benefits. The user-friendliness and 

accuracy of the IMU present a valuable resource for both routine athlete monitoring and high-

performance decision-making. Further, a post-hoc power analysis in G*Power software 3.1.9.7. 

(University of Dusseldorf, Dusseldorf, Germany), with a two-tailed test, ρ H1= 0.983 (correlation 

obtained in the present study’s results for CMJ height), ρ H0 = 0.92 (null hypothesis correlation 

assumed), α = 0.05, and total n = 17, indicated an 85.3% probability to correctly detecting a true 

correlation between measurement instruments. However, the number of participants per sport in 

the present study varied between 1 and 6. Therefore, current findings should not be extrapolated 

to athletes from specific sports, particularly for athletes with different key features (e.g., age, sex, 

competitive level). Future research is advised to confirm current findings, with larger samples of 

participants.   

   

5. CONCLUSION  

The IMU Output V2 exhibited excellent test-retest reliability with the data being comparable to 

the force platform to measure CMJ and DJ metrics, with no significant differences between 

instruments. Additionally, the high correlation values indicated that the IMU Output V2 is a 

reliable and valid instrument to measure CMJ and DJ performance. These results suggest that the 

IMU Output V2 can be an alternative to traditional laboratory-based equipment, which is cost-
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effective, portable and easily operable using a mobile device via Bluetooth for field-based 

assessment of CMJ and DJ performance. However, future research should explore the application 

of this approach across different athletic populations and various performance metrics.  
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Table 1. Comparison of force platform with IMU to assess jump performance. 

Variable 

Force 

platform 

IMU Output 

V2  

Unpaired 

t-test MD ± SD 

ES 

r 

ICC 

Mean ± SD p-value Hedge's g (95%CI) 

CMJ (cm) 35.42 ± 2.36 35.17 ± 2.35 0.606 0.24 ± 0.42 0.10 0.983 0.979 (0.945-0.990) 

DJ (cm) 31.16 ± 2.67 30.93 ± 2.65 0.662 0.23 ± 0.31 0.08 0.993 0.990 (0.957-0.996) 

DJ RSI (m/s) 1.161 ± 0.114 1.143 ± 0.114 0.441 0.017 ± 0.02 0.15 0.984 0.973 (0.860-0.990) 

DJ CT (s) 0.269 ± 0.023 0.272 ± 0.024 0.646 0.002 ± 0.003 -0.12 0.989 0.985 (0.957-0.993) 

CI – confidence interval, CMJ – countermovement jump, CT – contact time, DJ – drop jump, ES – effect size, ICC – 

intraclass correlation coefficient, IMU – inertial measurement unit, MD – mean difference, r – Pearson correlation, RSI 

– reactive strength index, SD – standard deviation. 

 

 

Table 2. Reliability statistics. 

Variable 

Force platform IMU Output V2 

ICC α CV (%) 
Absolute 

SEM 

Relative 

SEM 

(%) 

ICC α CV (%) 
Absolute 

SEM 

Relative 

SEM 

(%) 
(95% CI) (95% CI) 

CMJ (cm) 
0.979 

0.993 0.797 0.35 0.99 
0.965 

0.988 1.045 0.45 1.28 
(0.954-0.992 (0.923-0.986) 

DJ (cm) 
0.967 

0.989 1.277 0.49 1.58 
0.957 

0.985 1.552 0.56 1.81 
(0.928-0.987) (0.906-0.983) 

DJ RSI 

(m/s) 

0.959 
0.986 1.731 0.03 2.72 

0.933 
0.977 2.275 0.03 2.62 

(0.912-0.984) (0.857-973) 

DJ CT (s) 
0.967 

0.989 1.458 0.004 1.60 
0.950 

0.983 1.585 0.005 1.97 
(0.927-0.987) (0.892-980) 

α – Cronbach's alpha, CI – confidence interval, CMJ – countermovement jump, CT – contact time, CV – coefficient of 

variation, DJ – drop jump, ICC – intraclass correlation, IMU – inertial measurement unit, RSI – reactive strength index, SEM 

– standard error of measurement.  
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Figure 1. Scatter plot depicting the relationship between the inertial measurement unit Output V2 

and the force platform. CMJ – countermovement jump, DJ – drop jump, RSI – reactive strength 

index, CT – contact time. 
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Figure 2. Bland–Altman plots representing countermovement jump (CMJ) height, drop jump (DJ) 

height, DJ reactive strength index (RSI), and DJ contact time (CT) data.  

  

 

 

 


