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Abstract 32 

Purpose 33 

The countermovement jump (CMJ) is widely used to assess lower-limb neuromuscular per- 34 

formance. Force platforms provide detailed biomechanical measurements, whereas wearable 35 

inertial sensors offer a portable alternative for field-based assessment. This study evaluated 36 

agreement between a BTS G-Sensor and a force-platform during CMJ assessment. 37 

Methods 38 

Forty-six adult males residing in a semi-open correctional facility performed one maximal 39 

CMJ simultaneously measured using a BTS G-Sensor and a force-platform. Because records 40 

were incomplete or ambiguously labelled, complete paired observations varied by variable: 41 

CMJ height (n = 35), peak power (n = 25), peak force (n = 32), and peak velocity (n = 23). 42 

Agreement was assessed using ICC(2,1), while Bland-Altman analysis evaluated bias, 95% 43 

limits of agreement, and proportional bias. 44 

Results 45 

The BTS G-Sensor produced significantly lower CMJ height values than the force-platform 46 

(25.58 ± 5.73 vs. 31.20 ± 6.79 cm; bias = −5.61 cm; p < 0.001; ICC = 0.662) and substantially 47 

higher reported peak power values (3395.60 ± 829.15 vs. 1449.56 ± 435.04 W; bias = 1946.04 48 

W; p < 0.001; ICC = 0.120). No significant differences were observed for peak force (bias = 49 

−31.72 N; p = 0.729; ICC = 0.533) or peak velocity (bias = −0.07 m•s⁻¹; p = 0.343; ICC = 50 

0.521). Significant proportional bias was observed for CMJ height and peak power. 51 

Conclusions 52 

The BTS G-Sensor and force-platform should not be considered interchangeable for absolute 53 

CMJ assessment. Between-method differences varied substantially across variables, particu- 54 

larly for peak power. The BTS G-Sensor may nevertheless be useful for consistent, de- 55 

vice-specific field-based CMJ monitoring. 56 
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1. Introduction 61 

Vertical jump performance, particularly the countermovement jump (CMJ) test, is a widely 62 

used tool for assessing lower-limb power generation capacity in biomechanical research and 63 

physical fitness diagnostics [2, 7]. Due to its simple testing procedure and high repeatability, 64 

the CMJ is applied both in laboratory and field conditions, enabling the analysis of mechanical 65 

parameters related to the vertical displacement of the body’s center of mass and supporting 66 

comparisons between different measurement systems used in CMJ assessment [17, 24].  67 

Among the most precise methods for measuring vertical jump parameters are force platforms, 68 

which allow for the direct measurement of ground reaction forces and the derivation of varia- 69 

bles such as jump height, velocity, power, and impulse. The high accuracy of these systems 70 

makes them frequently regarded as reference methods in comparative studies [15, 20, 22], 71 

particularly in investigations focused on quantifying absolute differences, agreement, and 72 

measurement error between measurement techniques. At the same time, their use is associated 73 

with practical limitations, including high equipment costs, limited mobility, and the need to 74 

conduct measurements under controlled laboratory conditions. 75 

An alternative to traditional measurement systems is provided by wearable inertial sensors, 76 

whose development in recent years has enabled the registration of movement parameters in 77 

field conditions with minimal equipment requirements. These sensors, based on acceleration 78 

and angular velocity measurements, are increasingly used to estimate vertical jump parameters 79 

[4, 5, 19, 21, 23, 27]. However, their growing availability highlights the need to assess differ- 80 

ences relative to reference methods, the degree of agreement, and the magnitude of measure- 81 

ment error, especially when such devices are intended to replace or complement force platforms 82 

in applied settings. 83 

Previous studies comparing inertial sensors with force platforms have often focused on as- 84 

sessing correlations or relative agreement between measurements, most commonly with respect 85 

to jump height [4, 5, 21, 23]. Such an approach does not allow for a full evaluation of method 86 

interchangeability, as high correlation coefficients or high intraclass correlation coefficients 87 

(ICC) do not necessarily indicate absolute agreement or low measurement error [1]. Metro- 88 

logical literature emphasizes the need to complement agreement analyses with methods that 89 

assess systematic bias and limits of agreement, such as Bland-Altman analysis [3]. 90 

A significant research gap remains due to the limited number of studies that comprehensively 91 

combine analyses of inter-method differences, ICC-based agreement, and absolute agreement 92 

[7, 23], together with practical measurement error expressed by the SEM and MDC. Moreover, 93 

few studies simultaneously compare CMJ height, power, force, and velocity, which limits a 94 



 

 

comprehensive evaluation of inertial sensors as measurement tools across multiple biome- 95 

chanical outcome variables and levels of neuromuscular performance [10, 13, 18, 26]. 96 

Therefore, conducting a comparative study aimed at assessing differences, relative agreement, 97 

absolute agreement, and between-method error of CMJ parameters obtained using a wearable 98 

inertial sensor and a force platform is justified and directly addresses current methodological 99 

recommendations for evaluating measurement interchangeability [1, 3]. The aim of the study 100 

was to evaluate absolute differences, ICC-based agreement, absolute agreement, and be- 101 

tween-method error of CMJ parameters measured using a wearable inertial sensor and a force 102 

platform. The analysis included CMJ height, peak power, peak force, and peak velocity in order 103 

to determine the level of agreement between methods and their potential interchangeability 104 

using complementary statistical approaches, including paired comparisons, ICC, and 105 

Bland-Altman analysis. 106 

 107 

2. Materials and Methods 108 

2.1. Participants 109 

The study included 46 adult male individuals residing in a single semi-open correctional facility 110 

who were physically capable of performing a countermovement jump (CMJ) and had no di- 111 

agnosed neurological disorders. The mean age of participants was 36.1 ± 11.0 years (range: 112 

19.6–61.7), the mean body mass was 85.2 ± 14.1 kg (62.1–130.4), the mean height was 179.3 ± 113 

6.2 cm (165–193), and the mean body mass index (BMI) was 26.5 ± 4.1 kg·m-2 (21.1–39.3).  114 

Participants were informed that participation in the study was voluntary, that they could refuse 115 

to participate or withdraw at any time without any negative consequences, and that participation 116 

in the study would not affect their status in the correctional facility, privileges, treatment, or 117 

decisions regarding release. All participants were fully informed about the purpose and pro- 118 

cedures of the study and provided written informed consent prior to participation. The study 119 

was conducted in accordance with the Declaration of Helsinki and received approval from the 120 

University Institutional Review Board (Reference No. SKE01-15/2023). 121 

 122 

2.2. Study design 123 

A cross-sectional methodological study was conducted to compare two measurement systems 124 

using CMJ performance. For each participant, CMJ data were collected simultaneously using a 125 

wearable inertial sensor BTS G-Sensor (BTS Bioengineering S.p.A., Garbagnate Milanese, 126 

Italy), and a force-platform (Zb. Staniak JBA, PL4P60k, PowerJump System PJS-4P60kS, 127 



 

 

Warsaw, Poland) (Figure 1A, B). The BTS G-Sensor data were recorded at a sampling fre- 128 

quency of 100 Hz, whereas the force-platform signals were acquired at 1000 Hz and subse- 129 

quently downsampled to 100 Hz for comparison. The use of 100 Hz for the final comparison 130 

was selected to match the sampling frequency of the BTS G-Sensor and ensure a common 131 

sampling frequency across the two datasets. Each participant performed one CMJ with their 132 

hands placed on the hips to eliminate the influence of upper-limb movement. The test started 133 

from an upright standing position, followed by a rapid downward movement of the body’s 134 

center of mass and an immediate maximal vertical jump. Participants were instructed to jump 135 

with maximal effort while maintaining a consistent technique. 136 

 137 

The BTS G-Sensor is designed for kinematic analysis in both clinical and research settings. The 138 

device weighs 37 g and measures 70 × 40 × 18 mm. It integrates a triaxial accelerometer (16-bit 139 

resolution per axis; selectable ranges: ±2, ±4, ±8, ±16 g), a triaxial gyroscope (16-bit resolution 140 

per axis; selectable ranges: ±250, ±500, ±1000, ±2000 deg·s⁻¹), and a triaxial magnetometer 141 

(13-bit resolution; ±1200 µT). During the tests, the sensor was securely attached to the par- 142 

ticipant’s waist using a semi-elastic belt, allowing for non-invasive measurement of trunk 143 

kinematics. Data were transmitted wirelessly via Bluetooth® to a host computer for real-time 144 

monitoring and subsequent analysis. 145 

 146 

Figure 1. A. BTS G-Sensor, B. Force-platform in CMJ assessment. 147 

 148 

The Zb. Staniak JBA force-platform consists of four strain-gauge load cells, each with a 149 

nominal capacity of 3 kN, providing a total system capacity of 12 kN. The strain gauges are 150 

configured in a full-bridge circuit with 360 Ω resistance, ensuring high measurement stability. 151 



 

 

The system’s declared linearity error is below 0.2% of full-scale output, indicating excellent 152 

accuracy across its operational range. The platform measures only the vertical component of the 153 

ground reaction force. Signals from the load cells were processed by an integrated amplifier 154 

(WT9VLJ) housed within the platform. This amplifier features four differential input channels, 155 

a 15-bit analog-to-digital converter, and a maximum sampling frequency of 1000 Hz, allowing 156 

simultaneous acquisition across all channels. An analog second-order anti-aliasing filter (350 157 

Hz) is applied prior to digitization to minimize high-frequency noise. The force-platform sig- 158 

nals were acquired at 1000 Hz and subsequently processed and downsampled to 100 Hz for 159 

comparison with the BTS G-Sensor data. Data are transmitted to the acquisition computer via a 160 

USB connection, which also provides power to the amplifier. The platform measures 600 × 600 161 

× 65 mm, weighs 24 kg, and rests on four adjustable feet arranged on a 534 × 534 mm base, 162 

allowing precise leveling and uniform load distribution. During testing, the platform was 163 

mounted on a rigid surface and leveled according to the manufacturer’s instructions to ensure 164 

equal load across all sensors. The system was factory-calibrated and operated using the man- 165 

ufacturer’s software (MVJ6v0), which facilitates synchronized force acquisition, signal pro- 166 

cessing, and biomechanical analysis. 167 

 168 

CMJ parameters obtained from the BTS G-Sensor were derived from triaxial acceleration 169 

signals recorded during the jump. The acceleration data were processed using the manufac- 170 

turer's proprietary algorithms, which include signal filtering, gravity compensation, and nu- 171 

merical integration to estimate vertical velocity and displacement of the body’s center of mass. 172 

Jump height was calculated from the estimated vertical displacement, while peak velocity was 173 

identified from the velocity–time curve. Peak force and peak power during the concentric phase 174 

were subsequently estimated from the kinematic data based on inverse dynamics assumptions 175 

implemented within the software. The available manufacturer's documentation did not provide 176 

sufficient information to determine unequivocally whether the reported BTS peak force and 177 

peak power represented gross or net quantities, or whether power was reported as peak or mean 178 

power under the processing configuration used in the present study. Therefore, these outputs 179 

were treated as device-specific measures, and equivalence of their underlying definitions with 180 

the force-platform-derived variables was not assumed. Simultaneously, CMJ performance was 181 

assessed using a force-platform, which served as the reference method. The platform measured 182 

the vertical component of the ground reaction force throughout the entire jump cycle. Vertical 183 

acceleration of the center of mass was calculated from the net force (ground reaction force 184 

minus body weight) and integrated over time to obtain velocity and displacement. Jump height 185 



 

 

was determined from flight time, whereas peak force was defined as the maximum vertical 186 

ground-reaction force obtained directly from the force–time curve. Thus, the reported peak 187 

force represented the measured vertical ground-reaction force rather than a separately calcu- 188 

lated net-force value. Peak velocity and peak power were calculated using standard biome- 189 

chanical procedures based on the force–velocity and force–power relationships.  190 

The following CMJ parameters were included in the analysis: jump height [cm], peak power 191 

[W], peak force [N], and peak velocity [m∙s-1]. Before statistical analysis, participant-level 192 

records from the BTS G-Sensor and force-platform datasets were matched using participant 193 

codes. During this process, several incomplete, duplicated, or ambiguously labelled records 194 

were identified. Consequently, the number of complete paired observations differed across 195 

outcome variables, with 35 paired observations available for CMJ height, 25 for peak power, 32 196 

for peak force, and 23 for peak velocity. Records for which a reliable participant-level match or 197 

valid measurement could not be established were excluded from the respective analysis. 198 

 199 

2.3. Statistical analysis 200 

Statistical analyses were performed using standard descriptive, comparative, and agree- 201 

ment-based methods. The normality of the between-method differences was assessed using the 202 

Shapiro-Wilk test, complemented by visual inspection of quantile-quantile (Q-Q) plots (Figure 203 

2). The distribution of the paired differences was used to guide the selection of the primary 204 

statistical test. For normally distributed differences, paired-samples t-tests were applied, 205 

whereas the Wilcoxon signed-rank test was used for differences that significantly deviated from 206 

normality. 207 

Effect sizes for paired comparisons were expressed as Cohen’s d for paired t-tests, calculated 208 

from the mean and standard deviation of the paired differences [8]. For Wilcoxon signed-rank 209 

tests, the effect size was expressed as r. Statistical significance was set at p < 0.05. 210 

Agreement between the BTS G-Sensor and the force-platform was assessed using the intraclass 211 

correlation coefficient (ICC). A two-way random-effects model with single measurements and 212 

absolute agreement [ICC(2,1)] was applied. ICC(2,1) estimates were accompanied by 95% 213 

confidence intervals calculated using a nonparametric bootstrap procedure, with paired par- 214 

ticipant-level observations resampled with replacement. ICC values were interpreted as poor 215 

(<0.50), moderate (0.50–0.75), good (0.75–0.90), or excellent (>0.90) [12]. 216 

Absolute agreement between methods was further examined using Bland-Altman analysis. The 217 

mean between-method difference (bias) and the corresponding 95% limits of agreement (LoA) 218 

were calculated as bias ± 1.96 × SD of the paired differences. Proportional bias was assessed 219 



 

 

using linear regression of the between-method differences against the corresponding mean of 220 

the two measurement methods [16].  221 

Between-method variability was described using the standard deviation of the paired differ- 222 

ences, while SEM was calculated as the standard deviation of the paired differences divided by 223 

√2. Because each participant performed only one CMJ and repeated measurements were not 224 

available, SEM was not interpreted as a measure of test–retest reliability or sensitivity to 225 

change. All statistical analyses and data processing were performed using Python version 3.12 226 

(SciPy, NumPy, pandas, and matplotlib). The level of statistical significance was set at p = 0.05. 227 

 228 

3. Results 229 

3.1. Normality assessment and data distribution 230 

The Q-Q plots showed approximate conformity to the theoretical normal distribution for CMJ 231 

height and peak velocity, whereas greater deviations, particularly in the tails of the distribu- 232 

tions, were observed for peak power and peak force (Figure 2). The Shapiro-Wilk test indicated 233 

no significant departure from normality for the between-method differences in CMJ height (W 234 

= 0.966, p = 0.337) or peak velocity (W = 0.926, p = 0.091). In contrast, the between-method 235 

differences for peak power (W = 0.908, p = 0.027) and peak force (W = 0.897, p = 0.005) 236 

significantly deviated from normality. Accordingly, paired-samples t-tests were used for CMJ 237 

height and peak velocity, whereas Wilcoxon signed-rank tests were used for peak power and 238 

peak force. 239 



 

 

 240 

Figure 2. Quantile-quantile (Q-Q) plots for BTS G-Sensor measurements (blue), 241 

force-platform measurements (orange), and between-method differences (green) for: A. CMJ 242 

height, B. peak power, C. peak force, and D. peak velocity. 243 

 244 

Between-method comparisons of CMJ variables are presented in Table 1. Significant differ- 245 

ences between the BTS G-Sensor and force-platform were observed for CMJ height and peak 246 

power. CMJ height was significantly lower when measured using the BTS G-Sensor than the 247 

force-platform (25.58 ± 5.73 vs. 31.20 ± 6.79 cm; bias = −5.61 cm; p < 0.001), with a large 248 

effect size (Cohen’s d = −2.30). Peak power was substantially higher when measured using the 249 

BTS G-Sensor than the force-platform (3395.60 ± 829.15 vs. 1449.56 ± 435.04 W; bias = 250 

1946.04 W; p < 0.001), with a large effect size (r = 0.872). No significant difference was ob- 251 

served for peak force between the BTS G-Sensor and force-platform (881.25 ± 360.80 vs. 252 

912.97 ± 322.55 N; bias = −31.72 N; p = 0.729; r = 0.059). Similarly, no significant difference 253 

was observed for peak velocity (2.40 ± 0.37 vs. 2.47 ± 0.38 m·s⁻¹; bias = −0.07 m·s⁻¹; p = 0.343; 254 

Cohen’s d = −0.20). 255 

 256 

Table 1. Comparison of CMJ variables between the BTS G-Sensor and force-platform. Data 257 

are presented as mean ± standard deviation (SD). Between-method differences were assessed 258 

using paired-samples t-tests for normally distributed paired differences and Wilcoxon 259 



 

 

signed-rank tests for non-normally distributed paired differences. Mean differences (bias) were 260 

calculated as BTS G-Sensor minus force-platform values; negative values indicate higher 261 

measurements obtained from the force-platform. Normality of paired differences was assessed 262 

using the Shapiro-Wilk test and visual inspection of Q-Q plots. Cohen’s d was reported for 263 

paired-samples t-tests, whereas r was reported for Wilcoxon signed-rank tests. An asterisk (*) 264 

indicates a statistically significant difference between the BTS G-Sensor and force-platform 265 

measurements (p < 0.05). 266 

Variable n BTS G-sensor 
Force-platfor

m 
Bias Test p-value Effect size 

CMJ height 

[cm] 
35 25.58 ± 5.73 31.20 ± 6.79 −5.61 t = −13.58 < 0.001* d = −2.30 

Peak power 

[W] 
25 

3395.60 ± 

829.15  

1449.56 ± 

435.04  
1946.04 W = 0.00 < 0.001* r = 0.872 

Peak force 

[N] 
32 

881.25 ± 

360.80  

912.97 ± 

322.55  
−31.72 W = 245.50 0.729 r = 0.059 

Peak veloc-

ity [m∙s-1] 
23 2.40 ± 0.37  2.47 ± 0.38  −0.07 t = −0.97 0.343 d = −0.20 

 267 

3.2. ICC-based agreement between methods 268 

The ICC-based agreement between the BTS G-Sensor and the force-platform is presented in 269 

Table 2. CMJ height showed moderate agreement, with an ICC(2,1) of 0.662 (95% CI: 270 

0.495–0.768). Peak power demonstrated poor agreement between the two measurement sys- 271 

tems (ICC(2,1) = 0.120, 95% CI: 0.059–0.176). Moderate agreement was observed for both 272 

peak force (ICC(2,1) = 0.533, 95% CI: 0.059–0.825) and peak velocity (ICC(2,1) = 0.521, 95% 273 

CI: 0.297–0.753). Thus, among the analyzed CMJ variables, peak power showed the lowest 274 

level of relative agreement between the two measurement systems, whereas CMJ height 275 

showed the highest ICC value. 276 

Table 2. Absolute-agreement intraclass correlation coefficients [ICC(2,1)] between the BTS 277 

G-Sensor and force-platform for CMJ variables. 278 

Variable n ICC(2,1) 95% CI - bootstrap Interpretation  

CMJ height [cm] 35 0.662 0.495–0.768 moderate 



 

 

Peak power [W] 25 0.120 0.059–0.176 poor 

Peak force [N] 32 0.533 0.059–0.825 moderate 

Peak velocity [m∙s-1] 23 0.521 0.297–0.753 moderate 

 279 

3.3. Absolute agreement, Bland-Altman analysis and measurement error 280 

Bland-Altman analysis showed variable levels of agreement between the BTS G-Sensor and 281 

force-platform (Table 3). For CMJ height, the mean bias was −5.61 cm, with 95% limits of 282 

agreement ranging from −10.41 to −0.82 cm. A significant proportional bias was observed 283 

(slope = −0.174, p = 0.008), indicating that the magnitude of the between-method difference 284 

varied according to the level of performance. Peak power showed a substantial positive bias of 285 

1946.04 W, with 95% limits of agreement ranging from 842.85 to 3049.23 W. A significant 286 

proportional bias was also observed for peak power (slope = 0.694, p < 0.001), indicating 287 

increasing disagreement between the two methods with increasing measurement magnitude. 288 

For peak force, the mean bias was −31.72 N, with relatively wide 95% limits of agreement 289 

ranging from −683.72 to 620.28 N. No significant proportional bias was detected (slope = 290 

0.146, p = 0.474). Similarly, peak velocity showed a small mean bias of −0.07 m∙s-1 , with 95% 291 

limits of agreement ranging from −0.79 to 0.64 m∙s-1, and no significant proportional bias was 292 

observed (slope = −0.040, p = 0.872). Overall, the largest between-method disagreement was 293 

observed for peak power, whereas peak velocity showed the smallest mean bias. 294 

 295 

Table 3. Bland-Altman analysis and proportional-bias assessment of agreement between BTS 296 

G-Sensor and force-platform measurements. Bias represents the mean difference between BTS 297 

G-Sensor and force-platform measurements (BTS G-Sensor – force-platform). The 95% limits 298 

of agreement (LoA) were calculated as bias ± 1.96 × SD of the paired differences. SEM rep- 299 

resents the standard error of measurement and was calculated as the standard deviation of the 300 

paired differences divided by √2. The 95% error threshold represents 1.96 × SD of the paired 301 

differences. Proportional bias was assessed using linear regression of the between-method 302 

differences on the mean of the two measurement methods. An asterisk (*) indicates a statisti- 303 

cally significant between-method difference (p < 0.05). 304 

Variable Bias LoA low LoA high SEM 

95% er-

ror 

threshold 

Slope p-value 



 

 

CMJ height [cm] –5.61 –10.41 –0.82 1.73 4.79 –0.174 0.008 

Peak power [W] 1946.04 842.85 3049.23 398.00 1103.19 0.694 <0.001* 

Peak force [N] –31.72 –683.72 620.28 235.22 652.00 0.146 0.474 

Peak velocity [m∙s-1] –0.07 –0.79 0.64 0.26 0.71 –0.040 0.872 

 305 

4. Discussion 306 

The aim of this study was to evaluate the agreement between the BTS G-Sensor and a 307 

force-platform for selected countermovement jump (CMJ) variables. The analysis demon- 308 

strated that the level of agreement was strongly dependent on the variable assessed. The BTS 309 

G-Sensor produced significantly lower CMJ height and substantially higher reported peak 310 

power values than the force-platform, whereas no significant between-method differences were 311 

observed for peak force and peak velocity. However, the absence of a significant mean dif- 312 

ference does not by itself demonstrate interchangeability between measurement methods, as 313 

absolute agreement also depends on the magnitude of individual differences and the corre- 314 

sponding limits of agreement [1, 3]. 315 

For CMJ height, the BTS G-Sensor produced significantly lower values than the 316 

force-platform, with a mean bias of −5.61 cm. The ICC(2,1) indicated moderate ICC-based 317 

agreement (0.662). Previous studies have demonstrated moderate-to-good validity and relia- 318 

bility of accelerometric or inertial systems for assessing vertical jump performance [5, 7, 21, 319 

23]. The present results are generally consistent with these findings but also demonstrate that 320 

acceptable relative agreement does not necessarily indicate agreement in absolute values. The 321 

significant proportional bias observed for CMJ height (slope = −0.174, p = 0.008) further in- 322 

dicates that the magnitude of the difference between the systems varied according to the level of 323 

performance. Similar methodological differences between systems based on inertial or accel- 324 

eration-derived measurements and force-platform approaches have been reported previously 325 

[6, 14]. 326 

The most pronounced disagreement was observed for peak power. The BTS G-Sensor 327 

produced substantially higher peak power values than the force-platform, with a mean bias of 328 

1946.04 W and 95% limits of agreement ranging from 842.85 to 3049.23 W. In addition, the 329 

ICC(2,1) was only 0.120, indicating poor ICC-based agreement. The significant proportional 330 

bias (slope = 0.694, p < 0.001) demonstrates that the discrepancy increased with the magnitude 331 

of the measurement. Differences in the algorithms used to derive power from acceleration and 332 

force-time data may contribute to such discrepancies. However, the precise definitions of the 333 



 

 

BTS peak power output could not be established from the available manufacturer's documen- 334 

tation. In particular, it could not be determined whether the BTS output represented gross or net 335 

power or whether it corresponded to peak or mean power under the processing configuration 336 

used in this study. Therefore, the observed difference in reported power should not be inter- 337 

preted as evidence of a systematic measurement bias of the BTS G-Sensor, because differences 338 

in the underlying variable definitions and proprietary processing procedures may also con- 339 

tribute to the observed discrepancy. Previous research has demonstrated that measurement 340 

system characteristics and computational procedures can influence estimates of jump power 341 

and height [6, 20, 21, 23]. 342 

The results for peak force differed from those observed for CMJ height and peak power. No 343 

statistically significant difference was found between the BTS G-Sensor and force-platform, 344 

the Wilcoxon signed-rank test did not indicate a statistically significant systematic difference. 345 

However, the ICC indicated only moderate agreement (0.533), while the 95% limits of 346 

agreement were relatively wide, ranging from −683.72 to 620.28 N. No significant proportional 347 

bias was observed (p = 0.474). Thus, although the two systems produced similar mean 348 

peak-force values, the individual differences were sufficiently large to limit their inter- 349 

changeability when precise individual measurements are required. This finding is consistent 350 

with previous work showing that agreement between different vertical-jump assessment sys- 351 

tems can vary considerably depending on the variable and measurement technology used [6]. 352 

Peak velocity showed a similar pattern. The mean difference between the BTS G-Sensor 353 

and force-platform was small (−0.07 m·s⁻¹) and was not statistically significant. The ICC in- 354 

dicated moderate agreement (0.521), while the 95% limits of agreement ranged from −0.79 to 355 

0.64 m·s⁻¹. No significant proportional bias was detected (p = 0.872). Therefore, although the 356 

two systems showed relatively small systematic differences for peak velocity, the moderate 357 

ICC and relatively wide limits of agreement indicate that the measurements should not auto- 358 

matically be considered interchangeable at the individual level. Differences in signal pro- 359 

cessing and the calculation of velocity-derived variables may contribute to discrepancies be- 360 

tween measurement systems [6]. 361 

Taken together, the present findings emphasize the importance of distinguishing between 362 

ICC-based agreement and absolute agreement when evaluating measurement systems. The ICC 363 

provides information about the degree of agreement between measurements but does not, by 364 

itself, establish interchangeability between methods [1, 12]. Bland-Altman analysis comple- 365 

ments the ICC by quantifying systematic differences and the range within which individual 366 

differences are expected to occur [3, 16]. In the present study, this distinction was particularly 367 



 

 

evident for CMJ height and peak power. Although CMJ height demonstrated moderate 368 

ICC-based agreement, systematic and proportional bias were present. For peak power, both the 369 

ICC and Bland-Altman analysis indicated poor agreement and substantial systematic disa- 370 

greement. 371 

From a practical perspective, wearable inertial sensors offer important advantages for 372 

field-based assessment because they are portable and can be used outside laboratory environ- 373 

ments [4]. The BTS G-Sensor may therefore be useful for assessing CMJ performance when a 374 

force-platform is not available. However, the present findings indicate that values obtained 375 

from the BTS G-Sensor should be interpreted within the context of the measurement system 376 

used. In particular, peak power values should not be directly substituted for force-platform 377 

measurements or compared with reference values obtained using a different measurement 378 

technology. Similar caution should be applied to individual comparisons of CMJ height, peak 379 

force, and peak velocity because the limits of agreement indicate that meaningful differences 380 

between methods may occur even when mean differences are small. 381 

The present study has several limitations. First, participant-level matching of the datasets 382 

resulted in different numbers of paired observations for individual CMJ variables because 383 

incomplete, duplicated, or ambiguously labelled records could not always be reliably matched. 384 

Although the datasets were carefully reconstructed before analysis, the smaller sample sizes for 385 

some variables may have reduced the precision of the agreement estimates. Second, each par- 386 

ticipant performed only one CMJ, and therefore the present study evaluated between-method 387 

agreement rather than within-session or between-session reliability. Repeated measurements 388 

would be necessary to separate between-method disagreement from within-device variability 389 

and to determine whether either system can reliably detect individual changes over time [9, 11]. 390 

Third, the BTS G-Sensor data were recorded at 100 Hz, whereas the force-platform signals 391 

were acquired at 1000 Hz and subsequently downsampled to 100 Hz for comparison. Although 392 

this approach ensured a common sampling frequency for the final analysis, downsampling may 393 

have influenced the representation of rapidly changing force-time characteristics and should 394 

therefore be considered when interpreting variables such as peak force and peak power. Fourth, 395 

the study evaluated one inertial sensor and one force-platform, and the findings should there- 396 

fore not be generalized to all commercially available devices or proprietary processing algo- 397 

rithms. Finally, the relatively broad age range of the participants may have contributed to be- 398 

tween-subject variability and limits the generalizability of the findings to more specific popu- 399 

lations. 400 



 

 

Future studies should incorporate multiple CMJ trials within a session and repeated testing 401 

sessions to evaluate both within-device reliability and between-method agreement. Such 402 

studies should also provide detailed descriptions of the algorithms used to derive velocity and 403 

power and examine whether differences in signal processing, force definitions, and sampling 404 

characteristics contribute to systematic discrepancies between measurement systems. 405 

Overall, the findings demonstrate that the BTS G-Sensor and the tested force-platform 406 

should not be considered interchangeable for absolute assessment of CMJ variables. The 407 

magnitude and direction of disagreement varied substantially between variables, with the most 408 

pronounced discrepancy observed for peak power. CMJ height showed moderate agreement but 409 

systematic and proportional bias, whereas peak force and peak velocity showed no significant 410 

mean differences but only moderate relative agreement and relatively wide individual limits of 411 

agreement. Therefore, the BTS G-Sensor may provide useful field-based measurements of 412 

CMJ performance, but its results should be interpreted as device-specific measurements rather 413 

than direct equivalents of force-platform-derived values. 414 

 415 

Practical Implications 416 

The present findings have several practical implications for the assessment of countermove- 417 

ment jump performance. The BTS G-Sensor may provide a useful and practical alternative for 418 

field-based assessment when access to a force-platform is limited, particularly because of its 419 

portability and ease of use. However, the results indicate that measurements obtained with the 420 

BTS G-Sensor should be interpreted as device-specific values rather than direct equivalents of 421 

force-platform measurements. 422 

The BTS G-Sensor produced substantially higher power values than the force-platform, 423 

showed poor ICC-based agreement, and demonstrated significant proportional bias. However, 424 

because the precise gross/net and peak/mean definitions of the proprietary BTS power output 425 

could not be established, this difference should not be interpreted as definitive evidence of a 426 

systematic measurement bias of the BTS G-Sensor, as differences in the underlying variable 427 

definitions and proprietary processing procedures may also contribute to the observed dis- 428 

crepancy. Therefore, peak power values obtained with the BTS G-Sensor should not be directly 429 

compared with force-platform reference values or used interchangeably with them. CMJ 430 

height, peak force, and peak velocity showed moderate relative agreement, but the observed 431 

limits of agreement indicate that individual measurements may still differ considerably be- 432 

tween systems. Consequently, practitioners should use the same measurement system con- 433 



 

 

sistently when monitoring CMJ performance over time and avoid interpreting differences 434 

between devices as changes in an individual's performance. 435 

For practitioners working outside laboratory settings, the BTS G-Sensor may therefore be 436 

valuable for monitoring CMJ performance within a standardized measurement protocol. 437 

However, device-specific reference values and longitudinal comparisons should be established 438 

using the same system. When precise absolute measurements or direct comparison with 439 

force-platform-derived data are required, a force-platform remains preferable. 440 

 441 

Study Limitations 442 

Several limitations should be considered when interpreting the findings of the present study. 443 

First, the number of paired observations differed between CMJ variables because incomplete, 444 

duplicated, or ambiguously labelled records could not be reliably matched at the participant 445 

level. Consequently, the analyses were based on 23–35 paired observations, which may have 446 

affected the precision of the agreement estimates, particularly for variables with smaller sample 447 

sizes. 448 

Second, each participant performed only one CMJ, and therefore the study assessed agreement 449 

between the two measurement systems rather than test–retest reliability. The lack of repeated 450 

trials prevents the separation of between-method differences from within-device variability and 451 

does not allow conclusions to be drawn regarding the ability of either system to detect 452 

meaningful changes in individual performance over time. 453 

Third, the study compared one specific BTS G-Sensor configuration with one force-platform 454 

system. The findings may therefore reflect characteristics of the particular devices, 455 

data-processing procedures, and algorithms used to derive CMJ variables and should not 456 

necessarily be generalized to other inertial sensors or force-platform. 457 

Fourth, the BTS G-Sensor data were recorded at 100 Hz, whereas the force-platform signals 458 

were acquired at 1000 Hz and subsequently downsampled to 100 Hz for comparison. Although 459 

the common 100 Hz sampling frequency facilitated direct comparison, the downsampling of 460 

force-platform data may have influenced the representation of rapidly changing biomechanical 461 

signals, particularly variables derived from force- and velocity-time data, such as peak force 462 

and peak power [20, 25]. Fifth, an additional limitation concerns the underlying definitions of 463 

the force- and power-related variables. The force-platform peak force was defined as the 464 

maximum measured vertical ground-reaction force, whereas the available manufacturer's 465 

documentation did not allow us to determine unequivocally whether the BTS peak force and 466 

peak power outputs represented gross or net quantities or whether the power output 467 



 

 

corresponded to peak or mean power under the processing configuration used in this study. 468 

Consequently, between-method differences, particularly for power, may partly reflect 469 

differences in variable definitions and proprietary signal-processing procedures rather than 470 

differences in measurement accuracy alone. 471 

Finally, the study included adults residing in a semi-open correctional facility, representing a 472 

specific population. The wide age range (19.6–61.7 years) reflects the characteristics of the 473 

available adult population in the correctional facility. We acknowledge that this age 474 

heterogeneity may increase between-subject variability in physical performance and 475 

consequently influence ICC estimates. Together with the specific correctional-facility setting 476 

and male-only sample, this limits the generalizability of the findings to more age-homogeneous 477 

and typical user populations, such as athletes, healthy recreationally active individuals, or 478 

clinical populations. Future studies should include larger and more diverse samples, with more 479 

age-homogeneous groups, multiple CMJ trials, and repeated testing sessions to further evaluate 480 

both between-method agreement and the reliability of the measurement systems. 481 

 482 

 483 

5. Conclusions 484 

The present study demonstrated that the agreement between the BTS G-Sensor and 485 

force-platform varied substantially across CMJ variables. CMJ height, peak force, and peak 486 

velocity showed moderate relative agreement, whereas peak power demonstrated poor agree- 487 

ment and a substantial systematic difference between the two measurement systems. Signifi- 488 

cant proportional bias was observed for CMJ height and peak power, further indicating that the 489 

differences between methods were dependent on the magnitude of the measurements. These 490 

findings suggest that the BTS G-Sensor should not be considered interchangeable with the 491 

force-plaform for absolute assessment of CMJ variables, particularly peak power. Nevertheless, 492 

the BTS G-Sensor may provide a practical option for field-based assessment when measure- 493 

ments are performed consistently using the same device and interpreted within device-specific 494 

reference values. 495 

 496 
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