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Abstract

This pilot-study aimed to analyse the validity and reliability of an inertial measurement unit (IMU; BTS G-walk) 
for measuring the countermovement jump (CMJ) height. Sixteen collegiate male students (age: 19.1 ± 1.4 years; 
height: 172.7 ± 5.2 cm, body mass: 64.1 ± 6.7 kg) participated in the study. Three trials were conducted for CMJ 
with the intent of achieving maximal height. The CMJs were concurrently assessed with the IMU and My Jump 
2 application. The intercorrelation coefficient (ICC), Pearson correlation (r), and paired t test were used to assess 
validity. In addition, the ICC, Cronbach alpha (ɑ), and coefficient of variation (CV) were used to assess within-
session reliability.  The ICC between both devices for measurement of jump height was excellent (ICC = 0.96 [0.90 
– 0.99]) with large correlation (r = 0.973). Paired t test showed no difference between both measurement devices. 
Furthermore, within-session ICC for both devices were good and excellent (ICC = 0.92 [0.82 – 0.97] for IMU; ICC 
= 0.97 [0.92 – 0.99] for My jump application) and reported acceptable CV (<10%). In conclusion the findings of 
current study suggest that IMU (BTS G-walk) is a valid and reliable tool for assessment of CMJ height.
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Introduction
Ability to leap vertically is one of the most prevalent fundamental 

motor skills among human. Indeed, in variety of sports (e.g., volley-
ball, basketball) having the ability to jump higher (e.g., compared to 
an opponent) may be advantageous. The vertical jumping ability is 
often assessed using the countermovement jump (CMJ) test, where 
the individual uses the stretch-shortening cycle action (i.e., eccen-
tric, amortization and concentric phases). Therefore, practitioners 
who consider developing athletes’ vertical jumping ability to be a key 
goal, frequently gauge sports performance and physical condition by 
measuring vertical jumps using the CMJ test (Claudino et al., 2017). 
Indeed, the CMJ is considered as an important indicator of athlet-
ic performance and is been included in assessments of studies that 
incorporate plyometric jump training, complex training, resistance 
training etc. (Ramirez-Campillo et al., 2022; Thapa et al., 2021) and 
across different population (e.g., soccer, swimmers, physically active 

adults) (Kumar et al., 2023; Ojeda-Aravena et al., 2023; Phukan et al., 
2021; Thapa et al., 2022; Thapa et al., 2019). 

The CMJ height can be assessed with myriad technologies that 
are validated and reliable (e.g., contact mat, force platform, software 
[e.g., MyJump app]) (Balsalobre-Fernández et al., 2014; McHugh, 
2018). One such technology is the inertial sensors that are built into 
inertial measurement unit (IMU), which are multi-sensory devices 
(i.e., gyroscope, accelerometer, magnetometer) and can be used to 
aggregate acquired data to measure motion precisely (Andrenacci, 
2021). These sensors use the law of inertia to measure angular ve-
locities or linear accelerations and therefore can be used to estimate 
jump height during CMJ. The BTS Bioengineering corporation man-
ufactures an IMU that also measures the jump height during the CMJ 
task. However, the validity and reliability of this IMU for CMJ jump 
height estimation has not been established previously. Therefore, the 
aim of the present study was to analyse the validity and reliability of 
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BTS G-walk device for measuring the CMJ height. The authors hy-
pothesised that the BTS G-Walk device would be a valid and reliable 
instrument to measure CMJ height. 

Materials and methods
Participants

A total of 16 male participants (age: 19.1 ± 1.4 yrs, height: 172.7 
± 5.2 cm, body mass: 64.1 ± 6.7 kg) were selected for the study. The 
participants were all healthy physical education students of the uni-
versity. To be included in the study, the participants had to 1) be 
free from any lower limb injury in past three months; 2) be able to 
execute the CMJ with correct form (including landing technique); 3) 
be able to complete the familiarization and testing sessions. The par-
ticipants were informed about the procedure of the study and related 
risk associated during the study. Thereafter, informed consent forms 
were signed by the participants and/or parents in case participant 
was minor.  The study was approved by internal review board of the 
university and was conducted following the Helsinki’s Declaration.

Procedure
Prior to the commencement of the study, three familiarization 

sessions were conducted for the CMJ. The anthropometric data were 
collected during this familiarization sessions. The CMJ test was con-
ducted inside a laboratory. The participants underwent a warm-up 
protocol of ~10 minutes including running at self-selected speed, 
dynamic stretching of lower limb muscles, and CMJs. Thereafter, 
each participant performed three CMJs with the intent of achieving 
maximal height. Participants were instructed to jump maximally fol-
lowing a countermovement with a self-selected magnitude of knee 
flexion. All CMJs were performed with hands placed on the hips. 
No flexion of the legs was allowed during the flight time. The trials 
deviating from the guidelines of the CMJ were rejected and a new 

trial was conducted. The jump height was measured concurrently 
with BTS G-walk and My Jump 2 application. The My Jump 2 is a 
validated (jump height: r = 0.99) (Balsalobre-Fernández et al., 2014; 
Wee et al., 2018) IOS application and was installed on an  iPhone 13 
pro (Apple Inc., California, USA) with a 240-Hz high-speed camera 
at a quality of 720 p. The camera was directed as low as possible fac-
ing each participant in the frontal plane ~2 m away to best record 
jump performance. 

Statistical analysis
Descriptive characteristics of the studied population are reported 

as mean and standard deviations. Normality of the data was tested 
using the Shapiro-Wilk test. To establish concurrent validity, inter-
class correlation coefficient (ICC; two-way random single measures 
[absolute agreement]), Pearson correlation coefficient, and paired 
t-test were used. In addition, for reliability analysis ICC, Cronbach’s 
ɑ, and coefficient of variation (CV) were used. The ICC between tri-
als was interpreted as poor (<0.5), moderate (0.5-0.75), good (0.75-
0.9), and excellent (>0.9) reliability based on the lower bound of the 
95% confidence interval (CI) (Koo & Li, 2016). The CV represented 
the typical error of measurements expressed as a percentage of mean 
and a value <10% was considered acceptable (Cormack et al., 2008). 
Lastly, to complement the ICC analysis, Band-Altman plots were cre-
ated, which are known to give a good representation of the agreement 
between the two instruments (Bland & Altman, 1986). All statisti-
cal analyses were conducted using IBM SPSS version 20 (IBM, New 
York, USA). The CV was calculated using the Microsoft Excel sheet. 
The level of statistical significance was set at p ≤ 0.05.

Results
Mean, standard deviations, and validity statistics are reported 

in Table 1. The ICC between BTS G-walk and My Jump app was 

Table 1. Statistical analysis for validity

BTS G-walk My jump app ICC (95%CI) r Mean difference

Mean ± standard deviation

Countermovement Jump height 30.18 ± 4.50 30.38±5.17 0.96 
(0.90 – 0.99) 0.973 0.2 ±1.3

Note: ICC (95%CI) – Interclass correlation coefficient with 95 % confidence interval, r - Pearson product moment correlation coefficient

FIGURE 1. Linear regression correlations between jump height obtained from the 
inertial moment unit (BTS G-Walk) and video-based mobile applications (MyJump 
2). Note: The thick solid line represents the regression line and r2 is the coefficient of 
determination of the regression line.
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reported to be excellent. In addition, an almost perfect correlation 
(r = 0.973) was also reported. Paired t-test reported no significant 
difference between both the instruments (p = 0.550) with a mean 
difference of 0.2. The reliability statistics is presented in Table 2. 
Within-session ICC for BTS G-walk and My Jump were good and 
excellent, respectively. Both instruments reported acceptable CV. The 
scatterplot graphs between the instruments are presented in Figure 1. 
Similarly, the Bland-Altman plot for the IMU and My Jump applica-
tion is presented in Figure 2. 

Discussion
The aim of this pilot-study was to establish the validity and re-

liability of an inertial moment sensor - BTS G-walk for measuring 
the CMJ height in a small sample of 16 participants. Participants 
were assessed for CMJ height using the BTS G-walk concurrent-
ly with a validated video-based analysis software (i.e., My Jump 
application). The findings of this pilot-study indicate that BTS 
G-walk may be a valid and reliable instrument to measure the 
vertical jump of individuals during the CMJ test. Moreover, this 
pilot-study will serve as a starting point for a further validation in 
a bigger population sample.

Of note, we observed an excellent correlation between both 
methods, suggesting that the BTS G-walk can be alternatively used 
to measure jump height of the individuals. Our findings could be 
of importance to the scientific community considering that the 
BTS G-walk is mainly designed for the gait analysis. Therefore, our 
study supports the multiple use that this device can entail for prac-
titioners, considering its applicability in numerous assessments. 
However, it should be noted that our study only validates the use of 
the device for CMJ height assessments. Indeed, in a similar fashion 

many IMU devices has been validated  for different task assess-
ments (Clemente et al., 2022). For example, VERT classic (May-
fonk INC, USA) can be used to record jump counts, consistency 
of jump, best jump, etc. during the training session or competitive 
matches. In addition, it can be used to assess CMJ height (Benson 
et al., 2020). Similarly, another IMU devise Gyko (Microgate, Bol-
zono, Italy) can be used to analyse walking, running, to do posture 
analysis, as well as to  measure jump heights (Lesinski et al., 2016). 
Furthermore, global positioning system (Catapult Innovations, 
Australia) can be used to assess the external training load in addi-
tion to measure jump height (Rantalainen et al., 2018).

Although our pilot-study shows that the IMU can measure 
CMJ height validly, there are few limitations of our study that 
should be acknowledged. Firstly, the sample size was very low 
(i.e., 16 participants) considering the pilot nature of the study. 
However, this study should serve as the basis to validate the IMU 
with larger population. Secondly, although we used a valid soft-
ware (i.e., My Jump) to establish the validity of the IMU, using 
the force platform that is considered ‘gold standard’ would be an 
advantage. Thirdly, we could not include female participants in 
the study. Considering different anthropometric and physiologi-
cal characteristics between male and female, inclusion of female 
participants would offer better understanding across population. 

Conclusion
In conclusion, the findings of this pilot-study indicate that the 

BTS G-walk may be a valid instrument to measure jump height in 
CMJ and that practitioners may use it as a device to track the verti-
cal jump progress of their athletes. Moreover, it may serve as a start-
ing point for further validation study in a bigger population sample.

Table 2. Statistical analysis for within-session reliability

BTS G walk My jump app

ICC (95%CI) ɑ CV ICC (96%CI) ɑ CV

Countermovement Jump height 0.92 (0.82 – 0.97) 0.92 5.57±3.77 0.97 
(0.92 – 0.99) 0.97 4.35 ± 2.89

Note: ICC (95%CI) – Interclass correlation coefficient with 95 % confidence interval, ɑ - Cronbach’s alpha, CV – coefficient of variation

FIGURE 2. Bland-Altman plot for the measurement of jump height using inertial 
measurement unit (BTS G-walk) and video-based application (MyJump 2 app). The 
horizontal thick bold line represents the observed bias, and the thin dashed horizontal 
lines represents ± level of agreement (± 1.96 standard deviation), while the thin line 
intersecting the thick line is the regression line of the data points. r2: coefficient of 
determination of the regression line
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