
Giorgi, Andrea, Campa, Francesco, Franchi, Martino V., Vicini, Maurizio and 
Martinez-Gonzalez, Borja (2025) Changes in ultrasound and bioelectrical-derived 
body composition parameters in response to training load during pre-season 
in professional male road cyclists.  BMC Sports Science, Medicine and Rehabilitation, 
17 . ISSN 2052-1847. 

Kent Academic Repository

Downloaded from
https://kar.kent.ac.uk/110654/ The University of Kent's Academic Repository KAR 

The version of record is available from
https://doi.org/10.1186/s13102-025-01213-3

This document version
Publisher pdf

DOI for this version

Licence for this version
CC BY (Attribution)

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site. 
Cite as the published version. 

Author Accepted Manuscripts
If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type 
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title 
of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date). 

Enquiries
If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record 
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see 
our Take Down policy (available from https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies). 

https://kar.kent.ac.uk/110654/
https://doi.org/10.1186/s13102-025-01213-3
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies


R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​​​/​​/​c​r​e​a​t​i​​v​e​c​​o​m​m​​o​n​​s​​.​o​​r​​g​/​l​i​c​e​n​s​​e​s​/​​b​​y​/​4​.​0​/.

Giorgi et al. BMC Sports Science, Medicine and Rehabilitation          (2025) 17:162 
https://doi.org/10.1186/s13102-025-01213-3

BMC Sports Science, Medicine 
and Rehabilitation

*Correspondence:
Francesco Campa
Francesco.campa@unipd.it
1Department of Internal Medicine, Specialist Medicine and Rehabilitation, 
Azienda USL Toscana-Southeast, Siena, Italy
2VF Group-Bardiani-CSF-Faizanè Professional Cycling Team, Bibbiano, Italy
3Department of Biomedical Sciences, University of Padua, Padova, Italy
4Kent and Medway Medical School, University of Kent, Canterbury, UK

Abstract
Purpose  The pre-season is commonly a period during which cyclists implement interventions to optimize 
performance, training, and body composition. Ultrasonography and bioelectrical impedance vector analysis (BIVA) 
can serve as efficient methods to track changes in body fat and lean soft tissue. This study aimed to longitudinally 
monitor changes in subcutaneous adipose tissue thickness and fluids during the pre-season in response to training 
load.

Methods  Twelve professional male cyclists participated in the study. Body composition and field performance 
data were collected on three occasions over three months during the pre-season: December (T1), January (T2), and 
February (T3).

Results  Significant reductions in total subcutaneous adipose tissue thickness (p = 0.001; ES = 0.45) and fat mass 
percentage (p = 0.005; ES = 0.38) were observed. Phase angle increased (p < 0.001; ES = 0.68), while the impedance 
vector decreased (p < 0.001; ES = 0.66). Training metrics, including distance, elevation gain, and workload, increased. 
Improvements were recorded in 5-min, 20-min, and 60-min mean maximal power outputs.

Conclusions  Professional road cyclists exhibited reduced adiposity, particularly in the lower limbs, alongside 
increases in soft tissue and extracellular fluids during the pre-season. Monitoring body composition during the pre-
season using ultrasonography and BIVA can provide valuable insights for coaches, sports scientists, and medical staff, 
enabling them to tailor training loads and optimize cyclists’ readiness for the competitive season.

Keywords  Body composition, Pre-season, Professional cyclists, Performance, Training
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Introduction
The professional road cycling competitive season typi-
cally begins at the end of January and concludes in mid-
October, encompassing 30,000–35,000 km across 65–90 
days of competition [1]. Following the season, cyclists 
undergo a short detraining period (off-season) lasting 
3–4 weeks before entering the pre-season phase. Dur-
ing this phase, training resumes with the objective of 
preparing for the upcoming competitive season. Varia-
tions in training and dietary habits during the pre-season 
can lead to fluctuations in cyclists’ physical capabilities 
[2, 3]. As cycling is a weight-sensitive sport, riders aim 
to optimize their power-to-weight ratio to enhance per-
formance [4]. In this context, regular body composition 
assessments are crucial for monitoring the effectiveness 
of training prescriptions.

Body composition is a key determinant of athletic 
performance, and cyclists may benefit from lower body 
mass and reduced body fat levels [5]. Historically, body 
fat estimation relied heavily on skinfold measurements. 
However, advancements in technology now allow for the 
quantification of body fat and other tissues, such as lean 
muscle mass, using a variety of methods ranging from 
sophisticated laboratory instruments to practical field-
based tools. In this context, the use of B-mode (bright-
ness mode) ultrasonography (US) has gained attention as 
an accurate and efficient method for measuring subcu-
taneous adipose tissue thickness (SAT) [6–8]. Similarly, 
bioelectrical impedance analysis (BIA) is increasingly 
recognized as a valuable tool for assessing changes in 
body fluids [9, 10]. These advancements are of growing 
interest among sports practitioners aiming to optimize 
athlete performance.

Ultrasonography (US) is a medical imaging technique 
that has gained popularity as a tool for assessing body 
composition. It has demonstrated potential for monitor-
ing subtle fluctuations on SAT, particularly in athletic 
populations. By producing a two-dimensional image, US 
enables detailed body composition assessment, allowing 
practitioners to distinguish between different tissue types 
with greater precision [6–8].

Excessive SAT thickness can hinder cyclists’ perfor-
mance, whereas optimal levels of soft tissue and a correct 
fluid balance among intra and extracellular spaces influ-
ence their performance [4, 5]. In recent decades, bioelec-
trical impedance vector analysis (BIVA) and bioelectric 
phase angle (PhA) have proven to be valuable tools for 
assessing soft tissue and fluid changes [11]. BIVA allows 
the interpretation of the raw parameters resistance (R) 
and reactance (Xc), plotting them as a vector within a 
graph [11]. PhA is calculated as an arctangent of the ratio 
between R and Xc and was found to accurately reflect the 
relationship between intra (ICW) and extra (ECW) cel-
lular fluids [11] as well as linked to cellular functions [12]. 

In this context, Pollastri et al. [13], showed that, during 
Giro d’Italia 2016, cyclists with better PhA performed 
higher mean maximal power (MMP) for 10 and 15  s. 
Moreover, BIVA changes in professional road cyclists 
over a short multistage race were correlated to the plasma 
volume changes [14]. Therefore, BIVA is already widely 
used in professional cyclists for performance assessment 
[13], training load monitoring [14] and body composition 
[15].

B-mode US analysis allows for the acquisition of high-
resolution images of subcutaneous tissues, particularly 
adipose tissue [8]. In contrast, BIVA facilitates the clas-
sification and monitoring of changes in bioelectrical 
parameters, specifically those related to vector length 
and direction [10–11]. The combined use of these meth-
ods provides complementary data on body composition, 
enabling the assessment of both fat and lean soft tissue 
components. However, their application in sports science 
is largely limited to the use of US and BIA-derived data 
for estimating body composition variables, relying heav-
ily on the predictive errors inherent in estimation Eqs. [7, 
10]. Therefore, focusing these methodologies on the 
direct analysis of raw properties may represent a more 
precise approach for evaluating body composition.

In professional cycling, the pre-season phase is com-
monly an optimal period for body composition related 
interventions and training to optimize cyclists body 
shape. Despite that, to the best of our knowledge, no 
studies have monitored longitudinally changes in body 
composition and performance throughout the pre-season 
period in professional cyclists. On these bases, the aim of 
the present study was to monitor cyclists’ body composi-
tion using methods that allow for the assessment of raw 
body composition measurements, such as US-derived 
subcutaneous adipose tissue and BIVA patterns. We 
hypothesized that body composition changes could occur 
during the pre-season, leading to a reduction of adipose 
tissue, changes in soft tissues and fluids status according 
to changes in training load and performance parameters.

Methods
Participants
Twelve professional male cyclists participated in the study 
(mean ± SD: age 23 ± 4 years, body mass 65.1 ± 5.4  kg, 
stature 1.75 ± 0.05 m). Participants were classified as Tier 
4 (Elite/Professional Level) according to the Participant 
Classification Framework (McKay et al., 2021). Before 
participating in the study, all participants provided writ-
ten informed consent by signing a Consent Form. The 
study was approved by the Regional Health Unit Author-
ity Ethics Committee (code: AGBMG23) and conducted 
in conformity with the Declaration of Helsinki.
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Study design
Body composition and field performance data were 
measured by the same operator on three occasions over 
approximately three months during the pre-season. The 
initial body composition assessment took place at the 
start of the pre-season training camp in December (T1). 
A second assessment was conducted 33 days later, dur-
ing the second pre-season training camp in January (T2), 
and the final measurement was carried out 36 days after 
T2, during the last pre-season training camp in February 
(T3). Performance data for T1 were derived from an anal-
ysis of training data from the 30 days preceding the first 
measurement. For T2 and T3, training data were evalu-
ated for the periods between T1 and T2, and T2 and T3, 
respectively.

Anthropometric measurements
Anthropometric variables, including height, body mass, 
and body circumferences, were measured before break-
fast. Body mass was recorded to the nearest 0.1 kg using 
a calibrated digital scale (GIMA, Gessate MI, Italy). 
Standing height was measured to the nearest 0.5 cm with 
a manual stadiometer (GIMA, Gessate MI, Italy). Body 
circumferences were assessed to the nearest 0.1 cm using 
a flexible tape measure (GIMA, Gessate MI, Italy).

Ultrasound measurements
As described in O’Neill et al. [6], SAT thickness was mea-
sured to the nearest 0.1 mm at seven ISAK (International 
Society for the Advancement of Kinanthropometry) rec-
ognized sites: triceps, biceps, subscapular, supraspinal, 
abdominal, anterior thigh, and medial calf. On each occa-
sion, the same operator identified and marked these sites 
on the right-hand side of the body with a felt-tip pen. For 
consistency and to ensure ease of access during scanning, 
the biceps, triceps, and subscapular sites were imaged 
with the athlete seated, while the supraspinal, abdomi-
nal, anterior thigh, and medial calf sites were assessed 
with the athlete supine. Upper limb sites were measured 
with the elbow fully extended, while lower limb sites were 
measured with the knee flexed to 90 degrees. All ultra-
sound measurements were conducted longitudinally 
using the Vscan Air CL B-Mode ultrasound system (GE 
HealthCare, Chicago, IL, USA) with a linear array trans-
ducer (3–12  MHz) set to the general musculoskeletal 
setting. A 3–5  mm layer of ultrasound transmission gel 
(GIMA, Gessate MI, Italy) was applied, with the probe 
held parallel to the skinfold, centered over the inked site, 
and resting on the thick layer of gel to avoid compressing 
the underlying skin and subcutaneous adipose tissue, as 
shown in Fig. 1.

Three US images were taken at each measurement 
site, and the thickness of the SAT thicknesses, measured 
from the inferior border of the dermis to the fascial layer 

surrounding the adjacent muscle, was recorded to the 
nearest 0.1 mm. The average of the three measurements 
was used to determine the SAT thickness. All US images 
were saved and later analyzed using electronic calipers in 
ImageJ (version 1.46r, U.S. National Institutes of Health, 
Bethesda, Maryland, USA). Fat mass percentage (FM%) 
was calculated using the formula provided by O’Neill et 
al. [6].

Bioimpedance measurements
Bioelectrical impedance was measured with a phase-
sensitive impedance device (BIA 101 BIVA PRO, Akern 
System, Firenze, Italy) at 50  kHz frequency. Standard 
whole-body tetrapolar measurements were performed 
in compliance with the manufacturer’s guidelines and 
analysed according to the BIVA method [16]. BIA was 
performed in the morning, before breakfast. Before the 
measurement, participants rested in a supine position for 
one minute and emptied their bladder. All measurements 
were carried out in a temperature-controlled room.

Training load and field-based performance parameters
Power meters (Favero Assioma Duo, Favero Electronics 
srl., 84 Arcade, TV, Italy) and GPS units (Bryton S800, 
Bryton 86 Inc., Taipei City, Taiwan) were used to collect 
data. All cyclists were informed about the importance 
of zero calibration for power meters before each ride. 
Duration, distance, elevation gain, and power data were 
manually analyzed using cycling software (WKO5; Train-
ingPeaks LLC, Boulder, CO). Erroneous outliers were 
identified and manually corrected using the Data Spike 
ID and FIX chart. If the number of outliers exceeded 5% 
of the total data to be analyzed, those values were elimi-
nated, and the data were considered missing. Absolute 
and relative maximum mean power (MMP) values for 
15  s, 5  min, and 20  min were calculated for all training 
sessions. Work and intensity were calculated as total 
work and the percentage of time (% time) spent in four 
power output bands: <1.9  W⋅kg⁻¹, 2.0–4.9  W⋅kg⁻¹, 5.0–
7.9 W⋅kg⁻¹, and > 8.0 W⋅kg⁻¹ [17].

Statistical analysis
All data were checked for normality using the Shap-
piro-Wilk test. Repeated Measures Analysis of Variance 
(ANOVA) tests were used to assess differences in body 
composition across time. Post-hoc analysis using pair-
wise comparison were performed using the Bonferroni 
correction. Partial eta squared (ηp²) effect sizes (ES) 
were reported to measure the magnitude of significant 
differences. Effect sizes greater than 0.01, 0.06, and 0.14 
were considered small, moderate, and large, respectively 
[18]. A paired one-sample Hotelling’s T² test was used 
to identify bioelectrical changes over time, with statisti-
cal significance set at p < 0.05. Mahalanobis distance was 
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calculated to assess ES, and threshold values were estab-
lished for ES < 0.5 (small), ES ≥ 0.8 (medium), and ES ≥ 0.8 
(large). Statistical analyses were performed using JASP 
0.18.3 (JASP, Amsterdam, Netherlands). A significance 
level of p < 0.05 (two-tailed) was applied. Data are pre-
sented as mean ± standard deviation, unless otherwise 
stated.

Results
Ultrasound measurements
The sum of 7 adipose thickness (∑ 7 US) decreased 
across the pre-season (p = 0.001; ES = 0.45; Fig.  1): T3 
(6.11 ± 1.96  mm) was lower than T2 (6.54 ± 2.07  mm, 
p = 0.010) and T1, (8.56 ± 2.93 mm p = 0.002), as shown in 
Fig.  2. FM% decreased across the pre-season (p = 0.005; 
ES = 0.38). T1 (4.35 ± 0.96%) was higher than T2 
(3.72 ± 0.73%, p = 0.024) and T3 (3.63 ± 0.67%, p = 0.008) 
(Fig.  2). No differences were found between T2 and T3 

(p = 1.000). Full disclosure of ultrasound variables can be 
found in Table 1.

Figure 3 shows the change in each site. The follow-
ing adipose layers decreased during the pre-season 
significantly: calf (p = 0.001; ES = 0.46; thigh (p < 0.001; 
ES = 0.47); supraspinal (p < 0.001; ES = 0.58); and subscap-
ular (p = 0.006; ES = 0.37). No significant changes were 
found in abdominal (p = 0.114); biceps (p = 0.672); and tri-
ceps (p = 0.226) adipose layers.

Bioimpedance measurements
PhA increased across the pre-season (p < 0.001; 
ES = 0.68). T3 (7.70 ± 0.39°) was higher than T2 
(7.12 ± 0.23°, p = 0.001) and T1 (7.32 ± 0.30°, p = 0.001). Z 
decreases across the pre-season (p < 0.001; ES = 0.66): T3 
(286.94 ± 26.04 Ω) was lower than T2 (308.22 ± 25.94 Ω, 
p = 0.001) and T1 (307.68 ± 26.35 Ω, p = 0.001), as shown 
in Table 1; Fig. 4.

Fig. 1  Sites of ultrasound measurements
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Training load parameters
The following parameters increased during the pre-sea-
son: duration (p < 0.001; ES = 0.79); distance (p < 0.001; 
ES = 0.89); absolute and relative work (p < 0.001; ES = 0.83; 
and p < 0.001; ES = 0.84, respectively) elevation gain 
(p < 0.001; ES = 0.82); % time spent between 2 and 
4.9 W⋅kg− 1 (p = 0.028; ES = 0.28). % time spent between 5 
and 7.9 W⋅kg− 1 (p < 0.001; ES = 0.61); % time spent above 
8  W⋅kg− 1 (p < 0.001; ES = 0.63). No significant changes 
were found in time spent below 1.9  W⋅kg− 1 (p = 0.119). 

Full disclosure of performance variables can be found in 
Table 2.

Field-based performance parameters
Neither significant changes in absolute nor relative 
MMP 15 s were found (p = 0.230 and p =, 0.078, respec-
tively). The following parameters improved during the 
pre-season: absolute and relative MMP 5 min (p = 0.014; 
ES = 0.32, and p = 0.003; ES = 0.42, respectively); abso-
lute and relative MMP 20  min (p < 0.001; ES = 0.80, and 

Table 1  Body composition values assessed during the pre-season
T1 T2 T3
Mean
± SD

Range Mean
± SD

Range Mean
± SD

Range

Body mass
(kg)

65.4
± 5.4

57.4–77.7 65.4
± 5.3

59.5–77.8 64.6
± 5.8

57.70–78.00

∑ seven ultrasound sites (mm) 8.56
± 2.93

5.43–14.50 6.54
± 2.07 α

4.00-11.10 6.11
± 1.96 α

3.50–9.30

Fat mass (%) 4.35 ± 0.96 3.20–6.30 3.73 ± 0.73 α 2.80-
5.30

3.63 ± 0.67 α 2.60- 5.00

Resistance/h (Ω/h) 304.01 ± 27.92 251.2–340.00 305.62
± 25.66

262.71–352.80 283.49 ± 25.55 α, β 246.1-324.72

Reactance/h (Ω/h) 39.56
± 4.11

38.39–3.22 38.39 ± 3.22 33.77–43.82 38.41 ± 3.63 32.43–44.41

Phase angle (°) 7.32
± 0.29

6.80–7.80 7.12
± 0.23

6.60–7.50 7.70
± 0.39 α, β

7.20–8.40

Impedance (Ω) 307.68
± 26.35

264.8-343.15 308.22
± 25.94

264.87-356.08 286.94
± 26.04 α, β

246.8-327.54

α denotes significant differences from T1, β denotes significant differences from T2

Fig. 2  On the left site, the sum of 7 adipose thicknesses (∑ 7 US) during the pre-season. On the right side, the fat mass percentage during the pre-season. 
* denotes significant differences (p < 0.05) between timepoints
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Fig. 4  R-Xc, z-score, and paired graphs for the multivariate changes in bioelectrical parameters. In the left panels, bioimpedance data are plotted on the 
R-Xc z-score graph after the transformation of the impedance measurements from the athletes into bivariate z-scores. In the right panels, mean vector 
displacements with 95% confidence ellipses and results of the Hotelling’s T2 test are shown

 

Fig. 3  Change in the subcutaneous adipose thicknesses
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p < 0.001; ES = 0.78, respectively); absolute and relative 
MMP 60 min (p < 0.001; ES = 0.82, and p < 0.001; ES = 0.84, 
respectively). Full disclosure of performance variables 
can be found in Table 3.

Discussion
This study provides new insights into the relationship 
between body composition, training load, and perfor-
mance parameters during the pre-season in profes-
sional road cyclists. The main finding is that cyclists 
experienced a reduction in subcutaneous adipose tissue 
thickness, along with gains in fluid and soft tissue, while 

Table 2  Training load parameters during the pre-season
T1 T2 T3
Mean
± SD

Range Mean
± SD

Range Mean
± SD

Range

Distance
(km)

1963
± 507

635–2723 2245
± 631

595–2830 3542
± 224 α, β

3045-
3852

Duration (min) 4092
± 1081

1252–5493 4541
± 1244

1222–5615 6579
± 490 α, β

5845-
7587

Elevation gain (m) 25,027
± 6396

10,004–36,475 32,272
± 10,293 α

5817–42,223 43,619
± 6731 α, β

29,857–53,380

Absolute Work (kJ) 44,261
± 11,953

13475-62,206 54,104
± 16,270 α

12,319–68,941 80,055
± 7865 α, β

64,167–89,380

Relative Work (kJ⋅kg− 1) 678
± 196

235–1013 830
± 262

204–1140 1245
± 126 α, β

1004-
1456

Time in zone
0–1.9 W⋅kg− 1

(%)

25.3
± 8.2

11.6–35.4 22.8
± 6.8

10.8–30.4 22.7
± 6.1

12.1-
29.9

Time in zone
2–4.9 W⋅kg− 1

(%)

67.8
± 9.2

59.5–86.1 69.1
± 8.8

59.7–88.3 65.6
± 7.8 β

53.9-
82.5

Time in zone
5–7.9 W⋅kg− 1

(%)

6.40
± 2.30

1.90–10.50 7.70
± 3.64

0.7–13.0 10.6
± 3.0 α, β

4.8-
15,5

Time in zone
> 8 W⋅kg− 1

(%)

0.5
± 0.3

0.0-
1.0

0.4
± 0.3

0.1-
0.7

1.1
± 0.5 α, β

0.1-
2.0

α denotes significant differences from T1, β denotes significant differences from T2

Table 3  Field-based parameters during the pre-season
T1 T2 T3
Mean
± SD

Range Mean
± SD

Range Mean
± SD

Range

MMP 15 s (W) 1008
± 232

411–1391 977
± 157

667–1190 943
± 164

748-
1265

MMP 5 min (W) 392
± 40

295-
473

398
± 41

289-
461

413
± 30 α

366-
486

MMP 20 min (W) 308
± 30

249-
380

322
± 35

239-
383

361
± 29 α, β

326-
418

MMP 60 min (W) 249
± 17

215-
276

265
± 25

196–303 305
± 28 α, β

256-
351

Relative MMP 15 s (W⋅kg− 1) 15.3
± 3.2

7.2-
19.7

15
± 2.2

11-
17.5

14.6
± 1.9

11.6-
17.5

Relative MMP 5 min (W⋅kg− 1) 5.98
± 0.34

5.14–6.42 6.10
± 0.53

4.79–6.96 6.41
± 0.28 α, β

6.02-
6.82

Relative MMP 20 min (W⋅kg− 1) 4.71
± 0.22

4.34–4.97 4.93
± 0.39

3.96–5.45 5.61
± 0.45 α, β

4.91-
6.36

Relative MMP 60 min (W⋅kg− 1) 3.81
± 0.19

3.55–4.24 4.07
± 0.32 α

3.25–4.42 4.73
± 0.36 α, β

4.21-
5.19

α denotes significant differences from T1, β denotes significant differences from T2
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training load and performance parameters increased 
throughout the pre-season period.

A significant reduction in the sum of 8 SAT lay-
ers was observed by the end of the pre-season (~ 28%), 
with the greatest decrease occurring at lower limb sites 
compared to trunk sites. Specifically, the reductions in 
thigh and calf sites were 31% and 27%, respectively, com-
pared to the start of the pre-season. Endurance exer-
cise induces whole-body fat mobilization, rather than 
fat loss from local adipose tissue depots adjacent to the 
working muscles. However, it is well known that dur-
ing endurance exercise, both muscle temperature and 
energy demand increase, leading to a rise in blood flow to 
the muscles [19, 20]. This phenomenon may also affects 
the adjacent tissues, such as the SAT, by promoting the 
influx of lipolytic substances (e.g., catecholamines) to 
mobilize fat, providing energy to the adjacent contract-
ing muscles [21]. Hence, it is possible that the increased 
blood perfusion during exercise in areas where it is most 
needed, specifically, the SAT of the lower limbs, created 
more favourable conditions for the release and transport 
of body fat, which could have contributed to muscle fat 
oxidation [19, 20]. Regarding the estimated FM, they 
may appear lower compared to other values reported in 
the literature [15]. This could be due to a tendency of the 
O’Neill Eq. [6] to underestimate body fat levels, particu-
larly in individuals with low body fat, such as cyclists [15]. 
These factors might lead practitioners to prefer monitor-
ing raw measures (the sum of SAT layers at specific sites) 
rather than relying on predictive formulas, thus avoiding 
potential estimation errors.

Along with the decrease of SAT seen with US, the 
BIVA of our cyclists showed changes in terms of body 
water content. The Rx-Xc graph indicates a progressive 
significant decrease of the mean vector from the top to 
the bottom along the major axis together with the shift 
to the left along the minor axis at the end of the pre-
season. These changes suggest that the cyclists increased 
their extracellular fluids, probably due to plasma volume 
expansion promoted by the increase of training load as 
showed during stages races [13, 14] and in other sports 
[22, 23]. Together with the extracellular fluid changes, the 
vector shift to the left along the minor axis of the Rx-Xc 
graph along with the PhA increase indicates an increase 
of the cellular function and then muscle hypertrophy [13, 
24].

Pre-season training aims to develop the physical 
requirements needed to face the competitive season 
workload, therefore distance, elevation gain, and work 
increased progressively up to the competitive season [2, 
25]. In this scenario, long aerobic-based training sessions 
were performed during the pre-season, with a progres-
sive increase of time spent at 2–4.9  W⋅kg− 1 from T2 to 
T3. Cyclists rode around 22–25% of their training time 

at intensities below under 2  W⋅kg− 1 without significant 
changes, probably due to non-pedalling activity and 
the nature of stochastic power output [26, 27]. Beside 
the aerobic-based training, riders’ time spent at high 
(5–7.9  W⋅kg− 1) and very high intensities (> 8  W⋅kg− 1) 
increased, approaching the competitive season. This 
progressive increase on high intensities training load 
is fundamental for performance progression and pro-
paedeutic to face race pace and decisive attacks during 
races [26, 28, 29]. Consequently, cyclists’ power profile 
increased for the 5-min, 20-min, and 60-min mean maxi-
mal power outputs, both in absolute and relative terms. 
However, 15-s performance did not increase. Therefore, 
threshold and endurance were improved but not sprint. 
The improvement in such high-power output requires 
demanding sprint- and interval training sessions, in 
cycling these intensive sessions are mostly performed 
during competitions, because it has been reported to 
be less psychologically demanding, and the presence of 
competitors enhances motivation and reduces percep-
tion of effort [26, 29]. Therefore, the lack of improvement 
in high power output values during the pre-season could 
be justified by that.

During the pre-season, professional cyclists participate 
in training camps that provide a more comprehensive 
support network than what is typically available at home. 
These camps offer access to a range of specialists, includ-
ing mechanics, nutritionists, sports therapists, chefs, 
physicians, and coaches. This structured and resource-
rich environment is meticulously designed to target spe-
cific weaknesses, facilitating individualized performance 
improvements [2, 3]. Within this “protected setting,” rid-
ers are generally more inclined to tolerate higher training 
loads, supported by personalized nutritional strategies. 
The structured routine of training sessions and meals, 
coupled with constant access to team staff, fosters greater 
adherence to both training and dietary protocols.

As outlined above, pre-season training for cyclists pre-
dominantly involves prolonged aerobic-based sessions 
conducted at intensities ranging from 2.0 to 4.9 W·kg⁻¹. 
These sessions predominantly utilize fat oxidation as the 
primary energy substrate. Alongside endurance work-
outs, athletes also engage in high-intensity intervals at 
intensities exceeding 8.0 W·kg⁻¹, where energy demands 
are predominantly met through anaerobic and aerobic 
glycolysis. Additionally, the reduction in body fat is influ-
enced by various factors; however, it is well-established 
that both the volume and intensity of training, combined 
with a sustained energy deficit, are pivotal [3]. In our 
cyclists, the observed decrease in body fat is most likely 
attributable to the combination of prolonged aerobic 
training and a carefully managed caloric intake designed 
to achieve a negative energy balance.
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We acknowledge the observational nature of the study, 
which represents a limitation. Additionally, analyzing the 
relationship between training load parameters and body 
composition using a larger sample size might have pro-
vided more comprehensive insights into this topic. Simi-
larly, evaluating energy intake could have offered further 
information on changes in body composition. Nonethe-
less, the sample consisted of professional cyclists, and 
all evaluations were conducted using standardized pro-
cedures. Despite the inherent limitations of analyzing 
field-based power output data, we implemented strict 
methodological protocols, such as calibrating power 
meters and applying data filtering, to ensure the collec-
tion of high-quality data. Future studies should include 
larger sample size and the analysis of energy balance. 
Lastly, hydration status was not directly assessed. How-
ever, the measurements were conducted away from exer-
cise and after a night of rest following a balanced dinner. 
This context should be sufficient to ensure the absence 
of any significant alterations in the hydration of the soft 
tissues of the participants [16]. Controlled laboratory 
settings are necessary to further clarify the relation-
ship between changes in body composition and training 
load parameters, as numerous influencing factors dur-
ing real-world training, such as nutrition, environmen-
tal conditions, and slipstreaming, are difficult to assess 
comprehensively.

Practical applications
For the first time it has been described the body compo-
sition changes along with training load and performance 
parameters during the pre-season in professional cyclists. 
Moreover, this investigation showed that US and BI are 
valuable methods to identify body composition changes, 
mainly when sophisticated methods are not available. 
These tools allow qualitative and semiquantitative assess-
ments of adipose tissue and body fluids and soft tissue in 
endurance athletes, providing practical insights for the 
staff in terms of body composition assessment, and train-
ing load.

Conclusions
Professional road cyclists showed a decrease of the 
adiposity, mainly in the lower limb together with the 
increase of soft tissue and extracellular fluids during the 
pre-season. The combination of US and BI through BIVA 
allows a valuable method for the longitudinal monitor-
ing of body composition. Furthermore, training load 
increased, and performance parameters were improved. 
These findings may help coaches, sports scientists, 
and medical staff to evaluate body composition and its 
changes according to the training load in the field.
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