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Purpose: The aim of this study was to assess the interunit reliability of the movement load (ML) derived from the Firstbeat Sport
sensors during basketball training sessions. Methods: Eight professional male basketball players (age 25.5 [4.7] y, stature 199
[8] cm, body mass 96.6 [7.8] kg, body fat 10.0% [2.2%]) were recruited to participate in this study. A total of 50 individual
training sessions were recorded on one or multiple occasions (range: 1–21 individual sessions for each player) while players were
wearing 2 Firstbeat Sport sensors firmly affixed to their chest roughly at the base of the sternum via textile straps. ML was
calculated via Firstbeat Sports software for the entire basketball training sessions and for the following basketball-specific activity
types: 5-on-5 full court (5v5, n = 30), 5-on-5 half-court plus 2 courts back and forth (5v5 1/2 + 2, n = 26), and 5-on-5 half-court
(5v5 1/2, n = 26). Results: Linear mixed models revealed no statistical differences in ML data recorded using different sensors
during the entire training sessions and the selected basketball-specific activity types (all P > .05, trivial). The coefficient of
variation calculated as percentage and intraclass correlation coefficient calculated for the entire training sessions and basketball-
specific activity types ranged from 2.51% to 5.97% and from .98 to 1.00, respectively. Conclusions: The ML derived from the
Firstbeat Sport sensor showed acceptable interunit reliability when considering the full training sessions and basketball-specific
activities in professional basketball. Overall, basketball practitioners can use Firstbeat Sport sensors interchangeably to monitor
the external load of professional basketball players during training sessions.
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Monitoring training load is considered a key aspect in basket-
ball.1 To this purpose, wearable microtechnologies such as inertial
movement units (IMUs) can provide a practical way to monitor
players’ external loads. These devices are usually embedded within
the wearable devices and are composed by triaxial accelerometers,
magnetometers, and gyroscopes capable of measuring inertial
accelerations in 3 axes to estimate a vector magnitude named
differently (ie, PlayerLoad, movement load [ML], accumulated
load) depending on the formula adopted by the various proprietary
software.2

To take well-informed decisions using the load generated by
IMU devices, it is important that they have acceptable degrees of
validity (ie, the ability to measure what it is intended to measure)3

and reliability (ie, reproducibility of the measure of interest on
separate occasions).4 Reliability can be divided into “intraunit”
reliability (also named “test–retest”), which refers to the consis-
tency or stability of measurements or assessments within a single
unit and “interunit” reliability, which is particularly important
when comparing the measures of different devices (ie, players)
within a team. Previous studies2,5 assessing the interunit reliability
of accelerometer-based measures such as PlayerLoad and accumu-
lated load demonstrated low coefficient of variations (CVs) ranging
from 0.9% to 5.9% in team sports. Nevertheless, these studies only

referred to the load measure derived from the devices of some
specific brands (ie, Catapult Sport, Kinexon Sports & Media),
while little information is available for other brands. For instance,
the Firstbeat Technologies Oy, which designed a chest belt heart
rate monitor incorporating an accelerometer recording at 50 Hz,
also provides measurements of external load named “movement
load” (ML) derived from the triaxial accelerations the athlete
performs. Although the popularity and usage of Firstbeat Sport
sensors to monitor external load is increasing within basketball
clubs and in basketball research,6 little information is available
about their interunit reliability. This information could provide
valuable insights for basketball scientists and practitioners when
deciding to compare the between-player match or training load.
Therefore, the aim of this study was to assess the interunit
reliability of the ML derived from the Firstbeat Sport sensors
during basketball training sessions.

Methods
Participants

A total of 8 professional, male basketball players (age: 25.5 [4.7] y,
stature: 199 [8] cm, body mass: 96.6 [7.8] kg, body fat: 10.0%
[2.2%]) were recruited from the same basketball team competing
in the Italian first division (ie, Serie A) to participate in this study.
All players were over 18 years of age and volunteered to participate
after being informed of the study procedures, risks, and benefits.
The study was approved by the independent institutional review
board of MAPEI Sport Research Center (approval number:
IRBMS062024001) in accordance with the Declaration of Helsinki.

Rampinini https://orcid.org/0000-0002-9729-0862
Trimarchi https://orcid.org/0000-0002-1859-6039
Ferioli https://orcid.org/0000-0002-2994-4158
Conte (daniele.conte@uniroma4.it) is corresponding author, https://orcid.org/
0000-0003-3551-1030

727

International Journal of Sports Physiology and Performance, 2025, 20, 727-730
https://doi.org/10.1123/ijspp.2024-0289
© 2025 Human Kinetics, Inc. BRIEF REPORT

Brought to you by UNIVERSITA DEGLI STUDI DI ROMA FORO ITALICO | Unauthenticated | Downloaded 01/14/26 10:32 AM UTC

https://orcid.org/0000-0002-9729-0862
https://orcid.org/0000-0002-1859-6039
https://orcid.org/0000-0002-2994-4158
mailto:daniele.conte@uniroma4.it
https://orcid.org/0000-0003-3551-1030
https://orcid.org/0000-0003-3551-1030
https://doi.org/10.1123/ijspp.2024-0289


Design and Methodology

An observational study was designed to assess the interunit
reliability of Firstbeat Sport sensors (Firstbeat Technologies Oy)
during the 2023–24 in-season phase (March and April 2024).
The monitored sessions encompassed those performed during each
microcyle from game day –5 to game day –2, while the game day
–1 sessions and official games were not monitored. During the team
training sessions, players wore—at the same time—2 Firstbeat
Sport sensors firmly affixed to their chest roughly at the base of the
sternum via textile straps. Sensors pairs were randomly assigned to
each player before the beginning of the practice. ML (in arbitrary
units) was calculated via Firstbeat Sports software (version 2.50.3;
Firstbeat Technologies Oy) as the sum of accelerations across the
3 movement axes using the triaxial accelerometer component
sampling at 50 Hz with the following formula6:

Movement load =

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðAy1 − Ay−1Þ2 + ðAx1 − Ax−1Þ2 + ðAz1 − Az−1Þ2

300
,

s

where Ay, Ax, and Az are the orthogonal components measured from
the triaxial accelerometer.

A total of 50 individual training sessions were recorded with
players wearing the sensors pairs in one or multiple occasions
(range: 1–21 individual sessions for each player) across the data
collection period. Sessions were structured with a general 10- to 15-
minute warm-up, followed by technical–tactical drills with and
without contacts (eg, 3-to-5 vs 0 or 3-to-5 vs 3-to-5) + different
types of 5v5. ML was calculated for the entire basketball training
sessions (each ∼30–90 min) and for the following basketball-
specific activity types: 5-on-5 full court (5v5), 5-on-5 half court
plus 2 courts back and forth (5v5 1/2 + 2), and 5-on-5 half court (5v5
1/2). A detailed description of these basketball-specific activity
types is shown in Figure 1. ML data were recorded by the Firstbeat
Sport sensors (Firstbeat Technologies Oy) and automatically up-
loaded to the Firstbeat Cloud. Raw data were then downloaded and
processed via Microsoft Excel software (version 2410).

Statistical Analysis

The interunit reliability of theML retrieved from the Firstbeat Sport
sensors was measured following various statistical approaches.
Descriptive statistics were assessed as estimated marginal means
with 95% CIs. Successively, linear mixed models (LMMs) were
used to examine differences in ML according to sensors, account-
ing for individual repeated measures. Before running LMMs, all
assumptions were verified, and the normality of the residuals was
also assessed using the Kolmogorov–Smirnov test. Within each
LMM, sensor (2 levels) was used as fixed effect, while sensor pair
and player were included as random effects including a random
intercept and fixed slope. The LMM analyses were run using the
jamovi software (version 2.3.21, retrieved from https://www.
jamovi.org). The t statistics calculated from the LMM were then
converted into Cohen d effect sizes and associated 95% CI using
the Rstudio software (version 4.2.1). Effect sizes were interpreted
as follows: <0.2, trivial; 0.20 to 0.59, small; 0.60 to 1.19, moderate;
1.2 to 1.99, large, and ≥2.0, very large.7 An alpha level of P < .05
was set a priori for statistical significance. Furthermore, the typical
error expressed as a CV and the intraclass correlation coefficient
(ICC) with 95%CI were calculated using customized spreadsheets8

via the log-transformed variable.

Results
Descriptive data and statistical analyses are reported in Table 1.
No statistical differences were observed in ML data recorded using
different sensors during the entire training sessions and the selected
basketball-specific activity types (all Ps > .05, trivial). The CV
calculated as percentage and ICC were determined for the entire
training sessions and basketball-specific activity types and ranged
from 2.51% to 5.97% and from .98 to 1.00, respectively.

Discussion
This study aimed at assessing the interunit reliability of the ML
calculated using Firstbeat Sport sensors in professional basketball
revealing high interunit reliability of these sensors during basket-
ball activities. Although there is a plethora of commercially
available IMU devices measuring external load through vectors
summarizing accelerometry-based data,9 there is limited informa-
tion whether these measures possess acceptable interunit reliability.
A previous study5 reported a CV of 2.5% and an ICC of .98 when
analyzing the interunit reliability of the accumulated load measured
by the IMUs designed by the Kinexon Sport & Media during ice-
hockey activities. Similarly, the interunit reliability of the Player-
Load designed by the Catapult Sport company showed high
interunit reliability with CVs ranging between 0.9% and 5.9%
during Australian football matches,10 handball training sessions,11

and team sports circuits.12 Despite the different position of the
Firstbeat Sport sensors compared with devices previously analyzed
(ie, chest vs back), our results overlap with those reported in
previous investigations (CVs = 2.51%–5.97% and ICCs = .98–.99),
suggesting that ML possesses acceptable levels of interunit reliabil-
ity similar to other accelerometer-based measures already in regu-
lar use.

Interestingly, to the best of our knowledge, this is the first
study assessing the interunit reliability of accelerometer-based
measures during basketball activities encompassing the full train-
ing session and various basketball-specific activity types. Overall,
monitoring professional basketball players during their regularFigure 1 — Description of the adopted drills.
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training sessions denotes a high degree of ecological validity of our
design, resulting in detailed results for basketball practitioners
using the Firstbeat Sport sensors to assess the external load of
this basketball population. While our results indicated interesting
information for basketball practitioners regarding the interunit
reliability of the investigated sensors in measuring ML, future
studies are warranted to assess their validity and intraunit reliability
to assess whether the ML can be used confidentially to monitor
external load in basketball and other team sports. Although this
study presents interesting insight about the interunit reliability of
the Firstbeat Sport sensors, it should be considered that our analysis
was only focusing on basketball players, limiting the generaliz-
ability of the results to other team sports encompassing different
movement patterns. Therefore, future investigations should pro-
vide a more comprehensive analysis of the intraunit reliability of
these devices across other team sports.

Practical Applications
This study is particularly relevant from a practical standpoint
providing valuable information for basketball scientists and practi-
tioners. First, due to its high interunit reliability, the ML derived
from the Firstbeat Sport sensors can be used to compare between-
players external loads. Moreover, in case it is not possible to use the
same device for the same player across the season to monitor ML as
a measure of external load, our data suggest the possibility for
individual players of wearing different sensors in different training
sessions since the limited interunit variability may impact margin-
ally on the monitoring process.

Conclusions
The movement load derived from the Firstbeat Sport sensor
showed high interunit reliability when considering the entire
training sessions and various basketball-specific activity types in
professional basketball. Overall, basketball practitioners can use
Firstbeat Sport sensors interchangeably to monitor the external load
of professional basketball players during their training sessions.
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