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Abstract: This study aimed to monitor the in-water and dryland interlimb asymmetry of young
competitive swimmers throughout a full training macrocycle and verify possible associations with
performance. Twenty-three young competitive swimmers (12.13 + 0.74 years) were evaluated before
(M1) and after (M2) a 16-week training macrocycle. The swimmers were timed at a 25 m front crawl
(T25) and then evaluated in anthropometrics, mean peak (Fpeak) in-water forces and the shoulder
internal rotator’s strength (IR) of dominant (D) and non-dominant (ND) limbs. The symmetry index
was computed for both in-water (Sylyater) and dryland (Sylj,,q) environments followed by the rate
of force transfer (RFT) estimation. While the swimmers have grown in height, arm span and hand
surface area, accompanied by an improvement in T25, the other variables remained unchanged after
the 16 weeks. A significant and moderate association was found between FpeakD (r = —0.47) or
FpeakND (r = —0.41) and T25, as well as between the IRD (r = —0.51) or IRND (r = —0.57) and T25
in M1. In M2, the non-dominant side gained relevance mostly in FpeakND, showing a significant
and high association with T25 (r = —0.68), like the FpeakD (r = —0.69) and IRD (r = —0.53). Most of
the individual plots (>80%) were under 30% of Sylyater, with the faster swimmer values between
10 and 30%. It can be concluded that a 16-week training macrocycle is not enough to change the
young swimmers’ in-water and dryland symmetry, but this does not seem to affect their front crawl

SpI'iIlt performance .

Keywords: swimming; season; force; strength; symmetry

1. Introduction

Symmetry plays a pivotal role in sports training, particularly in sports that require
repetitive, cyclical movements such as swimming, running, and rowing [1-3]. Symmetrical
athletes regularly demonstrate an exact correspondence of size, shape and actions when
those are split along a given axis [4]. An athlete’s ability to generate force and maintain
balance between the left and right sides of the body can significantly influence their
efficiency, speed and endurance [5]. Although it has been argued that sport coaches
and athletes should not look for perfect symmetry [6], the early detection of exaggerated
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asymmetries in cyclical sports may allow for targeted interventions, helping to improve
movement quality.

Swimming is a cyclical and complex sport that requires a combination of technique,
endurance and strength [7]. Symmetry in swimming refers to the balance between the
left and right sides of the body during a specific movement and can be computed using
swimming cycle kinematics [8], in-water forces during tethered [9] or free swimming [10]
and using dryland strength ratios [11]. Asymmetries, whether in technique or muscle
strength, can reduce propulsion [12], while proper bilateral coordination in force application
ensures that swimmers can efficiently transfer force from their body to the water [13] and
maintain velocity at desired levels [14]. Although studies reported that asymmetries
rarely impact swimming performance [15], a crucial aspect of a swimmer’s development is
ensuring that technical skills and the physical strength of both sides of the body progress
in harmony over time [16].

The performance enhancement in young swimmers involves balancing both in-water
and dryland characteristics [17], which can be modulated as the competitive season occurs.
Coaches often use in-water and dryland strength routines throughout a full competitive
season (according to each training macrocycle) to improve the swimmer’s strength capac-
ity [18]. These kind of strategies are sequentially implemented as the training macrocycle
progresses and can be rescheduled according to the swimmer’s response to training. In
fact, the training interventions can trigger small to moderate reductions in interlimb asym-
metries from pre- to post-training programs [19]. So, the changes that may happen across
a training macrocycle may highlight the physical adaptations taking place as a result of
training and model the degree of symmetry in both in-water and dryland environments.

The training intervention studies focusing on symmetry in swimming are few and
showed mixed findings. Unhanged symmetry values were found in adolescent swimmers
after 12 weeks of training in two sequential competitive seasons [20]. On the other hand,
young swimmers became more asymmetrical at the end of one competitive season without
any impact on swimming performance [21]. Given this uncertainty, additional studies on
symmetry in both in-water and dryland environments are needed. This is particularly
important at younger ages as these are swimmers who are refining their technique while
growing. So, an early detection of exaggerated imbalances can inform coaches of the
necessary training adjustments in the search for the optimal dose-response relationship.

This study aimed to accomplish the following: (i) monitor the in-water and dryland in-
terlimb asymmetry of young competitive swimmers throughout a full training macrocycle;
and (ii) verify the associations between symmetry or related variables with performance
and its impact at each time point of the macrocycle. It was hypothesized that (i) swimmers
would remain asymmetrical in both in-water and on dryland after the training macrocycle;
and (ii) there would be no associations between symmetry and performance in both time
points without a negative impact on performance.

2. Materials and Methods
2.1. Participants

Twenty-three young competitive swimmers from both sexes (12 boys and 11 girls,
12.13 £ 0.74 years, 36.56 + 3.47 s in a 50 m freestyle event) were recruited from a local
swimming squad to be part of the current study. Swimmers’ inclusion criteria were defined
as follows: (i) be enrolled in at least four swimming training sessions per week; (ii) have
more than two years of competitive experience (regional or national events); (iii) attend to
all evaluation moments, and (iv) not have suffered any kind of injury in the six months prior
to the intervention or between the pre and post-test measurements. None of the swimmers
were excluded under the defined criteria. All the experimental procedures and risks were
carefully explained to swimmers and their parents or legal guardians followed by an
informed consent signature. All procedures were carried out according to the Declaration
of Helsinki after the approval by the Institutional Ethics Committee.
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2.2. Study Design and Training Characteristics

A longitudinal research design was selected, and swimmers were evaluated during
the first training macrocycle of the season (pre and post-test measurements with 16 weeks
apart). The swimmers were part of the same dynamics of training (volume and intensity),
and the evaluation moments are shown in Figure 1. The in-water training volume increased
from 5.4 to 18.3 km/week 1, with intensity shared in the low-intensity domain (A0/A1)
and velocity in the first weeks of the intervention, to be more split in low (A0/A1), moderate
(A2), severe (A3) intensity domains and velocity in the final weeks of the macrocycle. Each
week comprised a total of 5-6 in-water training sessions with a duration between 60 and
90 min preceded by 30 min of dryland strength work using body weight, free weights or
elastic bands serving as load.
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Figure 1. Training dynamics and evaluation moments during the training macrocycle: A0/Al,
low intensity; A2, moderate intensity; A3, severe intensity; Fpeak, mean peak force; IR, shoulder
internal rotator strength; D, dominant; ND, non-dominant; 1, evaluation moment 1; and 2, evaluation
moment 2.

The evaluation moments were chosen as the beginning of the season (M1) and after
the main competition of the first macrocycle (M2). Both experimental testing moments took
place in the same 25 m indoor pool with 27.5 °C in water temperature and were split into
two sessions (48 h apart). The first session started with the assessment of anthropometric
variables followed by a standardized warm-up of a 400 m swim, 100 m pull, 100 kick,
4 x 50 m at increasing speed between each 50 m set, and 200 m recovery pace. After a
passive rest of 10 min, the swimmers were randomly assigned to complete the in-water
protocol. The second session comprised the application of the dryland testing protocol.

2.3. Anthropometric and Performance Measurements

All anthropometric variables were assessed by the same researcher following the
recommended and standardized protocols [22]. Those were carried out with swimmers
wearing normal textile swimsuits and caps. The stature (cm) and arm span (cm) were
measured with a stadiometer (SECA, 242, Hamburg, Germany) and a flexible tape (Ross-
Craft, Vancouver, Canada), respectively. Body mass (kg) was assessed using a digital scale
(TANITA, BC-730, Amsterdam, The Netherlands), and body mass index (BMI) was esti-
mated using the body mass and the square of height (kg/m?). The hand surface area (HSA,
cm?) was measured by digital photogrammetry [23]. Swimmers placed their dominant (D)
and non-dominant (ND) hands on a scanning machine, and calibration was conducted as
reported elsewhere [10]. All HSA files were exported and analyzed using specific software
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(Universal Desktop Ruler, v3.8, AVPSoft, Pittsburgh, PA, USA). The hand dominance was
obtained by self-report.

The swimmers made two repetitions of the 25 m front crawl at maximum intensity
not gliding after an in-water push-off start and using their normal breathing pattern.
The swimming performance (125, s) was manually assessed (FINIS 3 x 100, Finis Inc.,
Livermore, CA, USA), and the best of both trials was considered as a performance variable
to be used in further analysis.

2.4. In-Water Symmetry

The in-water symmetry was obtained from the instantaneous in-water force applica-
tion during two maximum intensity repetitions at front-crawl swimming. The in-water
force application was retrieved using a reliable [24] differential pressure system (Type A,
f =100 Hz, Swimming Technology Research, Richmond, VA, USA). The two sensors were
positioned between the third and fourth metacarpals of the swimmers and attached by a
cable (15 m of length) to an A/D interface connected to a laptop with the Aquanex software
(v.4.1, Model DU2, Swimming Technology Research, Richmond, VA, USA). Based on the
manufacturer guidelines, the calibration of the system was made before each repetition
using the hydrostatic pressure values, while the swimmers kept their hands immersed
(10 s) at the waistline.

The hand resultant force (N) during the maximal repetitions was derived from the
product of differential pressures by the HSA individually. The force-time curves were
analyzed between the 11th and 24th m section of the pool limited by two ground cones.
A single camera (frequency = 50 Hz, Sony, HDR-CX 240, Tokyo, Japan) was placed in the
sagittal panel, allowing image recording to avoid considering any stroke cycles made before
the 11 m mark. Signal-processing software (AcqKnowledge v.3.7.3, Biopac Systems, Santa
Barbara, CA, USA) was used to analyze force data, being the signal handled with a 5 Hz cut-
off low-pass fourth-order Butterworth filter. The mean peak force (Fpeak, N) of both hands
was defined as the mean of the maximum peak values (i.e., peak) obtained in all subsequent
underwater paths during the 13 m under analysis. Therefore, the symmetry index (Sy],
in %) was estimated using the force data of both hands [25] (FpeakD — FpeakND)/(0.5 x
(FpeakD + FpeakND)) - 100, interpreted as perfect symmetry (Syl = 0%), symmetric motion
(0% > Syl < 10%) or asymmetric motion (Syl > 10%).

2.5. Dryland Symmetry

The dryland symmetry was obtained by the assessment of shoulder internal rotation
strength. The isometric peak strength of internal shoulder rotation (in N) of dominant
(IRD) and nondominant (IRND) limbs was measured with a reliable digital handheld dy-
namometer (microFET®2, Hoggan Scientific, Salt Lake City, LLC, USA) [26]. All swimmers
underwent a 10 min dryland warm-up, including dynamic stretching routines followed
by a familiarization set (one set of two submaximal and one maximal repetition by each
limb) of the internal rotation. Here, the swimmers remained lying in a prone position in a
stretcher with shoulder abduction and elbow flexion at 90°. The evaluator stabilized the
humerus distally against the stretcher, while the handheld dynamometer was placed just
proximal to the ulnar styloid process on the anterior surface of the forearm. The swimmers
were instructed to slowly produce and sustain a full isometric contraction of the involved
muscle group until the examiner instructed them to relax. The data were collected from
two maximal repetitions of 5 s with 30 s apart. The symmetry index in dryland was com-
puted as previously documented for in-water symmetry after the swimmers” dominance
was self-reported. The rate of force transfer (RFT) was then computed for both limbs as
(Fpeak x 100)/IR.

2.6. Statistical Analysis

The Shapiro-Wilk test was used to assess the data normality. The mean and one
standard deviation (M + 1SD) were computed as descriptive statistics. The difference
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between pre and post-tests was analyzed with a dependent sample t-test. Cohen d was
selected as an effect size (d) and interpreted as trivial if d < 0.2, medium if 0.2 > d < 0.5, and
large if d > 0.5 [27]. The percentage of variation (A) between M1 and M2 was also calculated
(e.g., 100 — [M1-100/M2]). Pearson (r) Correlation Coefficients were computed to establish
the associations between performance (T25) and symmetry; those values were interpreted
as high if r > 0.60, moderate if 0.30 > r < 0.60 and low if r < 0.30 [28]. All statistical analyses
were performed using the SPSS software (v.27, IBM, SPSS Inc., Chicago, IL, USA) and
GraphPad Prism (v.9, GraphPad Software, San Diego, CA, USA). The statistical significance
was set at p < 0.05.

3. Results

The changes between M1 and M2 in anthropometrics, in-water force, dryland strength,
performance and correspondent variables are presented in Table 1. An increase in anthropo-
metrics, along with a T25 improvement, was seen after the 16 weeks of training. In contrast,
no changes were observed in in-water force production, dryland strength, symmetry or
even the rate of force transfer at the end of the macrocycle.

Table 1. Changes in anthropometrics, in-water force, dryland strength, performance and correspon-
dent variables between M1 and M2.

Variables M1 M2 p d A
Anthropometrics
BM, kg 48.14 + 8.63 48.16 +7.48 0.959 0.00 0.34
Height, m 156.99 £7.82 158.19 £7.82 <0.01 0.15 0.76
AS, m 157.18 £ 9.56 158.36 £ 9.81 <0.01 0.12 0.74
HSA D, cm2 102.26 + 11.90 106.76 £+ 12.74 <0.01 0.37 4.14
In-water
FpeakD, N 48.59 + 11.52 49.43 +9.95 0.735 0.08 7.80
FpeakND, N 54.01 +£12.79 56.88 £ 13.90 0.255 0.21 10.61
Sylwater, % 18.02 +£15.21 18.11 £12.51 0.982 0.01 --
Dryland
IRD, N 90.68 £ 20.03 94.82 +21.04 0.344 0.20 222
IRND, N 7291 £13.70 74.49 £+ 14.97 0.462 0.11 0.96
Syliand, % 23.78 + 14.34 2497 +20.12 0.758 0.07 -
Performance and RFT
T25,s 17.51 £ 1.40 16.80 £1.22 <0.01 0.54 —4.32
RFTD, % 55.46 + 15.50 5412 +13.79 0.698 0.09 -
RFIND, % 74.66 + 14.13 76.38 = 10.14 0.606 0.14 --

M1, evaluation moment 1; M2, evaluation moment 2; BM, body mass; AS, arm span; HSA, hand surface area;
Fpeak, mean peak force; Syl, symmetry index; IR, shoulder internal rotation strength; T25, 25 m time; RFT, rate of
force transfer; D, dominant; and ND, non-dominant.

Figure 2 presents the correlation matrix between T25 and the remaining variables in
both testing moments. A moderate negative association was found between FpeakD or
FpeakND and T25 in M1, while, in M2, a high negative association was observed for both
variables. The IRD or IRND showed a negative and moderate association with T25 in M1,
whereas, in M2, the association was just found for the IRND. The Syl in both in-water and
dryland environments did not show any kind of significant association with T25 before or
after the 16 weeks.

Figure 3 presents the individual dot plots of the link between T25 and in-water Syl.
Although no representative trend towards an optimal Syl was shown, the faster swimmers
seemed to show Syl around 10-30%. In fact, more than 80% of the dots in M1 and M2 were
under the 30% Syl cut-off value.
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Figure 2. Correlation matrix between T25 and both in-water and dryland variables in evaluation
moment 1 (A) and evaluation moment 2 (B). T25, 25 m time; Fpeak, mean peak force; Syl, symmetry
index; IR, shoulder internal rotator strength; RFT, rate of force transfer; D, dominant; ND, non-
dominant; * p < 0.05; ** p < 0.01.
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Figure 3. Individual dot plots from the link between T25 and in-water Syl in evaluation moment
1 (A) and evaluation moment 2 (B). The green area outlined by a dotted line represents the cut-off
value of 30% of the in-water symmetry index. Syl, symmetry index; and T25, 25 m time.

4. Discussion

This study aimed to monitor young swimmers’ in-water and dryland interlimb asym-
metry throughout a full training macrocycle and to verify possible associations with perfor-
mance. The results showed that young swimmers remained asymmetrical over the training
macrocycle in both in-water and dryland environments without impairing performance.
Although in-water and dryland symmetry were not associated with the performance, the
contribution of the D and ND upper limbs gained relevance later in the macrocycle.

An increase in physical attributes along with improved performance (e.g., T25) was
observed during the 16 weeks that composed the first training macrocycle of the season.
Growth spurts are common in young swimmers and can naturally contribute to changes
in technique and performance [21,23]. An increased AS and HSA are especially beneficial
for swimmers as they can enhance stroke length [29]. Also, the increased BM, when not
solely from adipose tissue, can indicate muscular development [30]. This combination of
growth and targeted physical adaptations could collectively enhance overall performance,
supporting the rationale that young swimmers benefit from training programs aligned
with their natural growth cycles.

Interestingly, despite notable increases in anthropometric variables, no changes were
observed in Fpeak, IR or even in the RFT. The unchanged Fpeak of young swimmers over
prolonged periods [20] or even after a training session [31] can be found in the swimming
scientific literature. As this was the first macrocycle of the season, other key aspects (e.g.,
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technique refinement) may have taken the primary role in each training session, not leaving
space for specific force development. The lack of change in in-water force and dryland
strength indicate that young swimmers may require a longer period of training to manifest
their adaptations in propulsion or need to target specific in-water and dryland strength
training to obtain neuromuscular adaptations and transfer those to the water in a shorter
time frame. It is unclear if the same could happen in the following macrocycles of the
season or even if these results could be similar until age cohorts where swimmers are near
their maximum strength development. So, those are important questions that need to be
answered and can be the focus of further studies.

The Sylyater and Syljang also remained unchanged after the 16 weeks of training,
leaving swimmers to be asymmetrical while swimming front crawl (Sylwater = 18%). The
unchanged Syl in these swimmers suggests that anthropometric adaptations alone, such as
increases in arm span and hand surface area, may not be sufficient to correct or improve
bilateral force symmetry. Without targeted training, specifically aiming at addressing
imbalances, young swimmers may not attenuate the existing asymmetries. In fact, work
with asymmetries should be part of coaches” and athletes” daily routine as the nature of
dominance persists in sports [6]. In this case, an asymmetric pattern in these swimmers
was not harmful because they were still able to improve their performance from M1 to M2.

Although the 16 weeks at the beginning of the season were not enough to elicit changes,
a couple of associations were found between the T25 and in-water or dryland variables. A
negative association was found in M1 between FpeakD or FpeakND and T25. This means
that the young swimmers who swam at a higher pace were the ones who showed a higher
in-water force from the dominant and non-dominant sides of the upper limbs. In the case
of the FpeakD, this was somehow expected as it is likely due to the initial reliance on the
stronger or more coordinated side for propulsion [32]. However, the magnitude of the
association increased at M2 for both sides with a more pronounced increase on the non-
dominant side. As the season progresses, swimmers make technical adjustments in stroke
mechanics that increase the involvement of the non-dominant side at a sprinting pace [21],
especially when swimmers breathe unilaterally [33]. However, it re-mains unclear whether
this trend will persist when longer distances or other breathing patterns are analyzed.

A negative association between IR and T25 was also observed in both moments.
This means that a higher shoulder internal rotator’s strength provides a better time at a
25 m front crawl effort, which is in line with previous studies conducted in adolescent
swimmers [31]. This highlights the role of shoulder strength, particularly in the muscles
responsible for the powerful inward rotation of each limb during the stroke cycle. Still, this
does not mean that the superiority, in terms of force on land, can be transferred correctly to
the in-water actions, as the RFT remained unchanged over the training macrocycle without
associations with T25.

Despite a nuanced contribution and association between both sides of the body in
distinct moments of the macrocycle, no association was found between symmetry and
T25. This is in line with previous studies on the topic where asymmetries rarely impact
swimming performance [14,15]. Competitive swimmers, even the younger ones, may
develop techniques to compensate for minor asymmetries without negatively impacting
performance. This could mean that they have adapted their body positions, breathing
patterns or stroke mechanics to minimize any drag or imbalances, even with an asymmet-
rical force application. So, a 25 m sprint performance might rely more on the timing and
coordination of rotational forces than on the equal bilateral force application. However,
when longer distances come into play, as 200 or 400 m, it should be expected that some
associations can be found between symmetry indexes and performance [20].

While the asymmetries are natural and part of any sport, the extent of differences
in force application should be treated with caution. For instance, Bartolomeu et al. [14]
concluded that the use of the 10% cut-off value to identify asymmetries seems unsuitable
for adult swimmers. Through a visual inspection of Figure 3, no representative trend was
found to identify an ideal Syl that allows swimmers to be faster, but those with better T25
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seemed to show an Syl around 10-30%. In fact, 80% of the individual dot plots were under
the 30% cut-off value, meaning that most of the swimmers belonging to the same group
are asymmetrical until a certain point. This may lead us to question if a Syl higher than
30% can be detrimental for swimming technique and if this could be used as a long-term
preventive measure to avoid performance decline. Although any functional asymmetry
and injury risk cannot be ruled out [34], a deeper understanding about thresholds for
undesired asymmetries is still needed.

When taking this into practice, the improvement of bilateral symmetry in force pro-
duction may require targeted interventions, such as stroke-specific technique drills or
unilateral resistance training, which could help correct any side-dominant patterns. This
might also suggest that integrating asymmetry assessments over the training macrocycle
could better guide the muscular training, leading to improvements in stroke efficiency and
potentially reducing the risk of overuse injuries. At the end, these findings underscore
the importance of monitoring symmetry in young swimmers in order to develop motor
patterns and skill-specific swimming actions to guarantee that asymmetries cannot be
ex-tended to undesirable levels.

Some limitations can be assumed while conducting this study: (i) the performance mea-
surement was restricted to a 25 m front crawl (which does not allow generalization to other
swimming distances) and was manually assessed; (ii) the sample size can be low, which
requires some caution extrapolating the results; and (iii) although the dryland strength was
measured based on shoulder internal rotator strength, there is also shoulder adduction and
extension and elbow extension during the propulsion that defines both joints’ strength and
potentially are responsible for the forward velocity. Future research might explore whether
combining targeted dryland and in-water resistance training leads to greater improvements
in force production than anthropometric gains alone and interpret how those gains may be
accommodated in symmetry thresholds without impairing young swimmers’ performance.
Moreover, the assessment of interlimb asymmetries accompanied with the changes in the
index of coordination could also be used to interpret performance adaptations.

5. Conclusions

It can be concluded that a 16-week traditional training macrocycle is not enough to
change the young swimmers” asymmetric pattern confirming our first hypothesis. The
in-water and dryland symmetry were not associated with the performance in both testing
points, which confirms our second hypothesis. Despite that, asymmetries do not affect the
sprint performance, which leaves doubt that the same may occur when longer swimming
distances can be considered.
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