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Abstract: Aim: This study aims to compare the thickness of abdominal wall muscles—the external
oblique (EO), internal oblique (IO), transversus abdominis (TrAb), rectus abdominis (RA), and inter-
recti distance (IRD)—between amateur soccer and basketball players using ultrasonography. Methods:
This cross-sectional study was conducted with 35 male amateur athletes, including 17 soccer players
and 18 basketball players. Ultrasonographic measurements of the EO, IO, TrAb, RA muscles, and
IRD were taken while the muscles were in a relaxed state for all the participants in both sides. Results:
Significant differences were found in the RA muscle thickness, with basketball players showing a
greater mean thickness compared to soccer players. No significant differences were observed in
the TrAb, IO, and EO muscles between the two groups. The IRD showed a trend towards larger
separation in basketball players, though this was not statistically significant. Conclusions: This
study highlights sport-specific adaptations in the RA muscle, likely due to the distinct physical
demands of basketball and soccer. The findings underscore the importance of tailored training and
rehabilitation programs that consider these morphological differences to enhance performance and
reduce injury risks.

Keywords: ultrasound imaging; injury prevention; sport; muscle; sports; gender specificity

1. Introduction

Athletic performance and susceptibility to sport-related injuries are deeply influenced
by the specific physical demands and training regimens associated with different sports.
This issue is particularly evident in team sports such as soccer and basketball, where players
exhibit different physical and physiological features shaped by the unique requirements
of each sport. Both types of players need to achieve high physical conditioning levels to
provide specific training adaptations [1].

In this line, soccer and basketball impose different demands on athletes; for example,
soccer involves continuous play with intermittent bursts of high-intensity activity, neces-
sitating endurance, agility, and a robust core for effective ball and control kicking [2]. In
contrast, basketball requires frequent, intense short bursts of activity during the game such
as repeated jumping, sprinting, and quick changes in directions, thus demanding high
levels of explosive strength and core stability to support these movements [3].
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Abdominal wall muscle strength and morphology, especially the abdominal wall
thickness, play a crucial role in not just the players’ performance but also in the prevention
and management of injuries [4,5].

A strong and stable core reduces the injury risk by maintaining an appropriate align-
ment and function of the pelvis, hips, and lower spine during sports activities [6–8]. This
is supported by studies showing that the cross-sectional area (CSA) and thickness of the
multifidus muscle could be increased by activating this muscle, progressing from motor
control to increased static and dynamic balance [9]. This protective feature of the abdomi-
nal wall muscles plays an important role given the high incidence of lower limb and low
back injuries in sports like soccer and basketball [10]. Furthermore, differences in these
muscles—such as the transversus abdominis (TrAb), internal oblique (IO), external oblique
(EO), and rectus abdominis (RA)—may indicate variations in muscle function and injury
risk between athletes from different disciplines [11–13].

Ultrasound imaging (USI) has emerged as an essential technique in evaluating the
morphology of the abdominal wall muscles due to its reliability and validity, in static
and dynamic modes [14,15]. This imaging modality allows for the precise measurement
of muscle thickness or CSA and could detect changes in muscle size and structure with
excellent intra- and inter-rater reliability [14,15].

USI studies that focus on the sports context have demonstrated its efficacy in assessing
core muscles in athletes. For instance, research involving basketball players has shown
significant differences in the thickness of the abdominal muscles when compared in elite
and amateur athletes [16]. In this line, in soccer players, ultrasonography has been used
to assess muscle adaptations and has proven effective in monitoring muscle changes over
training periods, thus aiding in the development of targeted training programs [17].

The aim of the present study was to investigate the thickness differences in abdominal
wall muscles—EO, IO, TrAb, RA and inter-recti distance (IRD)—between amateur soccer
and basketball players by USI, providing a comparative analysis that could inform more
tailored and injury prevention programs. This research not only adds to the existing
literature by providing detailed morphological data on core muscles specific to these sports
but also explores the implications of these differences for athletic training and performance.

2. Methods
2.1. Design

This cross-sectional study was conducted from Apr 2024 to May 2024 to compare
the abdominal wall muscles thickness by USI between amateur soccer and basketball
players. This study adhered to the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines to ensure the robustness and reproducibility of the
findings [18].

2.2. Participants

A total of 35 male amateur athletes participated in the study, comprising 17 soccer play-
ers and 18 basketball players. Amateur athletes were defined as individuals who engage in
regular, structured weekly training and participate in competitive events without receiving
significant compensation or professional recognition. These athletes usually balance their
sports activities with other commitments such as work or education. The classification of
amateur athletes can vary, but they generally participate in local or regional competitions
and maintain a high level of dedication and training similar to professionals, albeit on a
non-professional basis [19]. Inclusion criteria required healthy participants with no history
of musculoskeletal conditions affecting their performance. Exclusion criteria were as fol-
lows: fractures, foot and ankle disorders, abdominal surgeries, systemic or chronic diseases,
skin alterations, or any condition which could influence the muscle morphology.
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2.3. Ethical Considerations

The present study was approved by the Research Ethics Committee of Universidad
Europea de Madrid. All participants were informed about the aims of the study, the
procedures involved, and their rights to withdraw from the study at any time without any
consequences and provided written informed consent form prior to their inclusion in the
study, in accordance with the principles outlined in the Helsinki Declaration [20].

2.4. Outcome Measurements

Ultrasonography was performed using a SonoScape E2 ultrasound system (SonoScape,
Madrid, Spain) with a linear transducer ranging from 8 to 13 MHz and having a 55 mm
footprint in B-Mode. To ensure the reliability of the ultrasound data, the ultrasound equip-
ment was calibrated before the start of the data collection following the manufacturer’s
guidelines. Additionally, the operator (U.T.) conducting the ultrasound scans underwent
extensive training prior to the commencement of the study. A comprehensive training
session was conducted, which included both theoretical and practical components to famil-
iarize the operator with the specific protocols of this study. Regular quality checks were
performed throughout the study period to maintain high standards of data collection. All
the measurements were performed by the same clinician (U.T.) who is experienced using
USI assessment protocols. All the assessments were taken while the muscles were in a
relaxed state to ensure accuracy and consistency across assessments. The imaging of the
EO, IO, and TrAb muscles was performed in both sides by positioning the transducer along
the mid-axillary line, between the subcostal line and the iliac crest (Figure 1A) [15]. For the
rectus abdominis RA muscle examination, the transducer was aligned with the umbilicus,
and for the IRD evaluation, it was placed just below the umbilicus (Figure 1B). Muscle
thickness was defined as the distance between the superficial and deep borders of each
muscle, while the IRD was measured as the distance between the medial borders of the RA
muscles. (Figure 1C) [15,21].
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Figure 1. Ultrasonography of the external oblique, internal oblique, transversus abdominis (A), and
rectus abdominis (B) muscles and inter-recti distance (C).

2.5. Statistical Analysis

Data analysis was conducted using RStudio (version 1.4, RStudio, PBC, Boston, MA,
USA) and Jamovi (version 1.6, The Jamovi Project). The Shapiro–Wilk test was utilized
to assess the normality of the data (p > 0.05). Descriptive statistics were computed, pre-
senting means and standard deviations (SDs) for parametric data and medians along with
interquartile ranges (IRs) for non-parametric data. For comparing parametric data across
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groups, the independent samples Student’s t-test was employed. In contrast, the Mann–
Whitney U test was applied for non-parametric data comparisons. Levene’s test was also
employed to verify the homogeneity of variances across samples. To compare both sides
in each sport discipline, a paired t-test was employed. Effect sizes were calculated using
Cohen’s d, with values of 0.2 considered small, 0.5 medium, and 0.8 large.

3. Results

Table 1 shows that significant differences were found in height (p = 0.043), BMI
(p = 0.001), shoe size (p = 0.018), and week training hours (p = 0.009). These results were
expected due to the difference in morphotype between groups.

Table 1. The sociodemographic data of the sample.

Measurement Soccer (n = 17)
Mean ± SD

Basketball (n = 18)
Mean ± SD p-Value

Age, (y) 23.1 ± 3.53 23.6± 2.45 0.136
Weight, (kg) 81.8 ± 8.44 78.2 ± 8.0 0.204
Height, (cm) 1.81 ± 0.06 1.86 ± 0.08 0.043

BMI, (kg/cm2) 25.1 ± 2.42 22.6 ± 1.64 0.001
Shoe size (EU number) 43.6 ± 1.92 45.0 ± 1.50 0.018
Week training (hours) 4.91 ± 1.68 6.83 ± 2.33 0.009

The present study employed ultrasonography to measure the abdominal wall muscles
of elite soccer and basketball players, presenting notable results, albeit with minimal sig-
nificant differences between groups (see Table 2). The thickness of the TrAb, IO, EO, and
RA on both the right and left sides was measured. For the right RA, a statistically signifi-
cant difference was observed, with basketball players showing a higher mean thickness
(15.2 ± 2.48 mm) compared to soccer players (13.6 ± 1.79 mm), yielding a p-value of 0.039
and an effect size of 0.72. Despite this significant finding, other muscles such as the TrAb,
IO, and EO did not show significant differences between the two groups, with p-values
ranging from 0.220 to 0.641. The IRD also approached statistical significance (p = 0.087),
suggesting a trend towards larger separation among basketball players compared to soccer
players. These findings suggest that while there are specific differences in certain core
muscles, the overall muscle morphology is similar across these sports, possibly reflecting
the similar core demands of both soccer and basketball.

Table 2. The ultrasound imaging measurements of the abdominal wall muscles.

Measurement
Soccer (n = 17)

Mean ± SD
(95% CI)

Basketball (n = 18)
Mean ± SD

(95% CI)
p-Value (Effect Size)

TrAb_R 5.00 ± 1.07 (2.9–7.2) * 4.80 ± 0.89 (2.4–6.3) * 0.550 (0.20) **
IO_R 11.6 ± 2.61 (8.3–17.7) * 11.1 ± 1.20 (9.6–13.8) * 0.485 (0.23) **
EO_R 7.94 ± 1.25 (5.3–10.4) * 7.43 ± 1.17 (5.5–10.7) * 0.220 (0.42) **
RA_R 13.6 ± 1.79 (10.2–17.6) * 15.2 ± 2.48 (10.4–19.1) * 0.039 (0.72) **

TrAb_L 4.87 ± 1.09 (2.5–7.3) * 4.69 ± 1.08 (2.3–6.9) * 0.641 (0.15) **
IO_L 11.9 ± 3.00 (5.32–18.8) * 10.9 ± 2.29 (7.5–15.3) * 0.298 (0.35) **
EO_L 7.77 ± 0.99 (5.2–9.8) * 7.96 ± 1.09 (6.3–10.5) * 0.605 (0.17) **
RA_L 14.3 ± 1.83 (11.3–18) * 15.2 ± 1.84 (11.7–19.0) * 0.149 (0.50) **
IRD 2.79 ± 0.90 (1.7–4.7) * 3.38 ± 1.05 (1.6–5.5) * 0.087 (0.59) **

Abbreviations: EO, external oblique; IO, internal oblique; IRD, inter-recti distance; RA, rectus abdominis; TrAb,
transversus abdominis. * Mean (SD) was applied. ** Student’s t-test for independent samples was performed.

Considering Table 3, which reports the analysis between the right side and the left side
independently of each sport, just the EO muscle reported differences (p = 0.029) between
sides in basketball players. However, the rest of the variables showed that non-significant
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differences were observed for the right side with respect to the left side in soccer and
basketball players.

Table 3. The ultrasound imaging measurements of the abdominal wall muscles of the right vs. left
side for soccer and basketball players.

Measurement
Right

Mean ± SD
(95% CI)

Left
Mean ± SD

(95% CI)
p-Value (Effect Size)

Soccer players
TrAb 4.96 ± 1.01 (2.9–7.0) * 4.85 ± 1.12 (2.5–7.1) * 0.601 (0.12) **

IO 11.30 ± 2.51 (8.3–17.7) * 11.7 ± 3.02 (5.3–18.8) * 0.529 (0.15) **
EO 7.91 ± 1.28 (5.3–10.4) * 7.80 ± 1.02 (5.2–9.1) * 0.561 (0.14) **
RA 13.57 ± 1.84 (10.1–17.6) * 14.30 ± 1.83 (11.2–18.0) * 0.145 (0.37) **

Basketball players
TrAb 4.74 ± 0.89 (2.4–6.3) * 4.62 ± 1.08 (2.3–6.9) * 0.478 (0.16) **

IO 11.09 ± 1.15 (9.6–13.7) * 10.80 ± 2.28 (7.5–15.3) * 0.379 (0.20) **
EO 7.39 ± 1.28 (5.5–10.6) * 7.80 ± 1.02 (6.3–10.4) * 0.029 (0.54) **
RA 15.1 ± 2.42 (10.4–19.0) * 15.17 ± 1.69 (11.7–18.9) * 0.856 (0.16) **

Abbreviations: EO, external oblique; IO, internal oblique; RA, rectus abdominis; TrAb, transversus abdominis.
* Mean (SD) was applied. ** Paired t-test for independent samples was performed.

4. Discussion

This novel research provides useful information regarding the abdominal wall mus-
cle complex in soccer players with respect to basketball players. To date, this could be
considered the first study to compare both sports’ populations with ultrasonography. How-
ever, non-significant differences were found in the thickness of the abdominal muscles;
these findings provide valuable insights into sport-specific adaptations. Nevertheless, the
assessment of the TrAb, EO, IO, and RA muscles’ morphology and structure plays an
important role for injury prevention and rehabilitation management in different sports’
populations [22]. Recent research highlights the reliability of ultrasound measurements of
lumbar multifidus and TrAb thickness during static and dynamic activities in subjects with
and without muscle conditions related to the core muscles [23].

The significant difference in RA muscle thickness between basketball and soccer
players can be attributed to the distinct physical demands of each sport. Basketball requires
frequent jumping, sprinting, and rapid changes in direction, which place substantial
stress on the RA muscle to maintain trunk stability and generate explosive power [16,24].
These results are coincident with studies that have shown that basketball players tend to
develop greater muscle thickness in the core region due to the high-intensity nature of the
movements [25].

Conversely, soccer players engage in activities that require endurance, agility, and
continuous play with intermittent high-intensity actions which require a balanced develop-
ment of the core muscles [2]. The lack of significant differences in the EO, IO, and TrAb
muscles between soccer and basketball players suggests that both sports place similar
demands on these muscle groups, leading to comparable adaptations [3]. In addition,
according to D’Isanto et al., strength training is the most significant component of athlete
performance [26]. In this context, core strength training improves the strength transmission
from the lower to upper limbs, coordinated coordination, muscle control ability [27], and
reduces injury risk in both sports [6].

We acknowledge the observed intra-subject differences between the left and right
sides of the abdominal musculature. Similar discrepancies have been noted in other studies
investigating asymmetries in muscle morphology and function. For instance, a study by
Hides et al. observed asymmetries in the cross-sectional area of the lumbar multifidus
muscle among elite cricketers, with significant differences between the left and right sides,
which were attributed to the specific physical demands of their sport [14]. Similarly, Gildea
et al. reported asymmetries in the thickness of the abdominal muscles in ballet dancers,



Appl. Sci. 2024, 14, 5742 6 of 8

which were linked to their training and performance activities [12]. These studies highlight
that sport-specific demands can lead to unilateral adaptations in muscle morphology,
supporting our findings of intra-subject differences in the abdominal musculature of soccer
and basketball players.

Ultrasonography has proven to be a reliable and valid method for assessing muscle
morphology, reporting precise measurements of muscle thickness and CSA [15]. The
use of ultrasonography in this study allowed for accurate comparisons between the two
groups, contributing valuable data to the sports science field. Previous studies utilizing
ultrasonography in sports contexts have demonstrated its efficacy in monitoring muscle
adaptations and guiding targeted training programs [28–30].

Soccer and basketball sports demand high loads to the spinal region, pelvic region,
and lower limbs; therefore, proper core muscle complex conditioning is mandatory to
prevent low back pain (LBP)—with a yearly prevalence of 64% (soccer) and 10.2%—or
lower limb conditions [31,32]. Several methods have been used to assess the muscle
behavior and muscle structure such as electromyography (EMG) being the “gold standard”
or MRI [33,34]. Thus, ultrasonography is an excellent alternative due to its relatively low
cost, validity, reliability, and portability which is highly advantageous in sports medicine
given the frequent travel requirements. Its low cost and rapid use make it accessible
for continuous monitoring and immediate assessments, crucial for maintaining athletes’
health during stages, away matches, or training camps. Additionally, the high reliability
and accuracy for muscle thickness, CSA, or dynamic assessments ensure that it provides
consistent and valuable insights into players’ physical conditions [35,36].

4.1. Limitations and Future Lines

This study has several limitations that should be acknowledged. The study design was
cross-sectional, which precludes the ability to draw causal inferences about the relationship
between sport-specific training and abdominal muscle adaptations. Another limitation
of this study is the absence of data on participants’ hydration status, dietary intake, and
recent physical activity levels. Variations in these factors can influence muscle morphology
and ultrasound measurements. Hydration levels, in particular, can affect muscle thickness
and echogenicity, while diet and recent physical activity can alter muscle tone and size.
The present study only compared the left and right sides of the abdominal musculature in-
dependently, without averaging the measurements (R+L/2) for each player. Consequently,
we did not evaluate whether basketball players still have a thicker average RA muscle mass
when considering the average of both sides, which should be considered as a limitation.
Future research should aim to address these limitations by including larger and more
diverse samples, including both amateur and elite athletes from various sports disciplines.
Longitudinal studies are needed to investigate the causal effects of sport-specific training
on abdominal muscle morphology and to monitor changes over time. Further research
should also consider dynamic assessments of muscle function during sport-specific tasks
to provide a more comprehensive understanding of muscle performance. Additionally,
exploring the impact of different training programs, including core stability and strength
training, on abdominal muscle adaptations across different sports could provide valuable
insights for developing targeted training and rehabilitation protocols. Integrating advanced
imaging techniques such as MRI could also enhance the precision and detail of muscle
morphology assessments.

4.2. Clinical Applications

The biomechanical implications of the present study highlighted that the specific
core muscle adaptations in soccer and basketball players can inform the development
of tailored training and rehabilitation programs. Basketball, with its frequent jumping,
sprinting, and rapid changes in direction, places substantial stress on the RA muscle to
maintain trunk stability and generate explosive power. This increased muscle thickness in
basketball players suggests enhanced core strength and stability, which are crucial for the
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optimal performance and injury prevention in this sport. Therefore, in basketball players,
emphasizing exercises that enhance RA strength and endurance could be beneficial, while
soccer players might focus on maintaining balanced core strength to support their unique
physical demands. This targeted approach could optimize performance and reduce the risk
of injuries associated with core muscle imbalances.

5. Conclusions

The findings of the present study show a greater RA muscle thickness in basketball
players with respect to soccer players assessed by ultrasonography. These findings suggest
sport-specific adaptations in the core muscles, likely due to the distinct physical demands
of each sport. While no significant differences were found in the rest of the abdominal wall
muscles, the results underscore the importance of core muscle strength and stability in both
sports using ultrasonography, which contributed valuable data to the understanding of
core muscle morphology in athletes.
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