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Introduction

Front crawl swimming often presents persistent problems
while it is learnt, such as difficulty breathing and lack
of rhythm or coordination (Zhang, 2014). For this
reason, specific exercises (also called drills) to teach
and correct swimming techniques are applied (Bielec
et al., 2008; Lucero, 2015; Wen et al., 2016). Some
swimming drills require excessive skill and cognitive
involvement and therefore can be difficult for beginners,
however, others, such as breath-hold swimming drills
and one-arm front crawl are commonly used to reproduce
certain competition conditions or as a procedure to force
the swimmer to focus more on a specific aspect of their
technique (Zhang, 2014; Lucero, 2015).

Although the scientific literature has not produced a
detailed study on this topic, there is evidence based on
studies focused on changes in the longitudinal rotation of
the body during swimming (i.e., the roll). Basically, this
rotation increases the effectiveness of the arm pull, since
it allows the use of large muscle groups (Prichard, 1993;
Andersen et al., 2020). Breathing and arm recovery are
also smoother, as the head and shoulders are given more
room to move as the body rotates (Payton et al., 1997;
Psycharakis & Sanders, 2010). However, some studies
have shown that arm trajectories can be modified and
negatively affected by excessive body rotation (Payton et
al., 1997; Psycharakis & Sanders, 2010; Lecrivain et al.,
2010). Furthermore, since these changes are modulated by
swimming speed (Psycharakis & Sanders, 2010), increasing
upper body actions would reduce the overall range and
duration of that rotation (Andersen et al., 2020; Yanai, 2001;
Sanders & Psycharakis, 2009), thus restricting the turning
effect in non-propulsive directions and keeping the body
more hydrodynamic (Cappaert et al., 1995; Yanai, 2003).
In fact, a common error found in the pool is the tendency
to include these practices during low intensity sessions
or as recovery between high intensity series, since this
leads to a reduction in swimming rhythm and a transfer
to actual competitive swimming. Therefore, regardless of
the changes in technique, swimming exercises performed
at low speeds would also result in increased rotation of
the shoulders and hips.

Some authors have shown that, in swimmers, it is
normal to find an asymmetry in the rotation of the body
between the breathing side and the non-breathing side
(Psycharakis & Sanders, 2010; Psycharakis & McCabe,
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2011; de Souza-Castro et al ., 2007; Payton et al.,
1999). However, the asymmetry caused by the actions
of breathing can increase during swimming exercises
if the swimmer is forced into a position that creates
additional asymmetry per se. For example, single-arm
front crawl exercises are common in swimming practices
to improve breath coordination, to work more on one
arm, or as a way to modify the swimmer's technique
(Lucero, 2015; Yanai and Hay, 2000; Lépez-Contreras
& Arellano, 2002). However, it is important to point
out that the loss of propulsion and body stability that
comes from restricting the actions of the non-executing
arm (NEA) would produce a compensatory increase in
the actions of the executing arm (EA), which could be
related to a loss of stroke length (Cuenca-Ferndndez
et al., 2020a). Therefore, little or no benefit may be
obtained from these swimming exercises, especially
if a consistent stroke rate is not maintained during the
practice (Funai et al., 2019).

Lastly, although the shoulders have been shown
to rotate more than the hips regardless of swimming
speed (Andersen et al., 2020; Cappaert et al., 1995;
Yanai, 2003), hip rotation increases during swimming
trials as swimmers’ fatigue progresses, possibly due to
less compensatory action from the legs (Psycharakis
& Sanders, 2008). This suggests that a swimmer's
stability in the water seems to be affected by aspects
of a multifactorial nature such as those caused by the
breathing and kicking actions, as well as those caused
by the slow swimming speed (Psycharakis & Sanders,
2010; Sanders & Psycharakis, 2009). Therefore, there is
no reason to ignore the possible alterations that swimming
exercises can produce.

At this point, and given that the intrinsic objective
of a drill is to cause changes in actual swimming after
continuous repetitive practice, we set out to see if those
exercises performed at maximum speed would actually
improve or worsen the swimming technique before
incorporating them into a long-term training programme.
Therefore, the purpose of this study was to determine
the biomechanical differences between various common
front crawl swimming exercises on the shoulder and hip
rotation and their symmetry between the executing and
non-executing arm (EA; NEA) sides. Our hypothesis was
that certain swimming exercises would cause potentially
critical alterations in technique.
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Methodology

Experimental design

A cross-sectional design was used to explore swimming
technique during six different front crawl protocols. The
protocols consisted of: i) breathing holding (BH); ii)
breathing right (BR); non-executing arm (NEA) extended
breathing on the side of the executing arm (EA): iii) to
the right (AEBR) and iv) to the left (AEBL); NEA close
breathing on that side: v) to the right (ACBR) and vi) to

the left (ACBL) (Figure 1). The six protocols were applied
in a randomised fashion and differences in shoulder and
hip rotation were observed among the participants.

Participants

A group of 16 national competitive swimmers (men
n = 10; women n = 6), aged between 14 and 18 years,
were informed of the possible risks and requirements of the
test, and provided signed informed consent to participate
in the experiment. Those under the age of 18 also provided

Breathing right

AEBR

-

.
{ NEA-side |

End of breath

= Shoulder
— Hip

e J“k , e —

Figure 1

Swimming exercises and registration system used to calculate the rotation of the shoulder and hip relative to the vertical axis of the bodly.

Breathing right (BR); extended arm extended breathing right (AEBR); arm close breathing left (ACBL); executing arm side (EA); non-

executing arm side (NEA).
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parental consent. The inclusion criteria were: i) having the
front crawl as their primary competition stroke; ii) breathing
on the right side to maintain equality between the dominant
side and the laterality of our subjects (21); and iii) have at
least 5 years of regulated training. The study was designed
in accordance with the Declaration of Helsinki for research
on humans and was approved by the ethics committee of
the University of Granada (code 852).

Procedure: materials and instruments
Before the test, the swimmers attended a familiarisation
session to practice the swimming exercises and the evaluation
process. The experimental context was a 25 x 12.5 m pool
(water temperature = 27 °C). The swimmers arrived at the
pool within their usual afternoon training hours, having
refrained from strenuous exercise for the previous 24 hours.
On arrival, the elbow and wrist joints and the tip of the
index finger were marked with black tape, and a warm-up
consisting of 8 x 25 m front crawl swims before the start of
the test. Each test protocol consisted of six 15-metre exercises
and swimmers were asked to avoid swimming underwater.
Two dorsal acrylic bars were placed (length and width:
50 x 1 cm) on the swimmers through a base attached to a
tightly fitting belt around the lower edges of the scapula and
between the iliac crests (i.e., the lumbar region) (Figure 1).
The black tape markings on the joints allow for precise
digitisation (Andersen et al., 2020), and the bars are firmly
attached to the body and do not slip (Payton et al., 1997; Liu
etal., 1993). Once the bars were in place, the subjects were
photographed lying in a ventral position in front of a reference
fixed to the wall. This allowed calibration and ensured the
correct positioning of the bar in a vertical position. The
values for the maximum rotation of the shoulder and hip
around the longitudinal axis of the body were measured by
the position of the bars relative to the vertical position (in
degrees °) (Figure 1).

Measured variables

The maximum rotation angles achieved on the EA side were
measured during the first half of the total arm action, while
the NEA side values were measured during breathing on the
EA side (with the exception of ACBR and ACBL, because
the breathing was on the NEA side). Two-dimensional (2D)
photogrammetric techniques were used with two video cameras
(S-VHS NV-MS4, 50 Hz, Panasonic Corp., Japan), located
in the frontal plane (one of them on the surface and the other
underwater), and the records were superimposed in space and
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time by means of a video switcher (Digital video switcher
SE -900, Whittier, USA ). Each swimmer performed the
exercises through an area that had been previously calibrated
using a reference system (1.50 m long, 0.88 m wide and
0.93 meters high). This system, containing 15 landmarks of
known locations, was placed in the centre of the lane used,
and the established registration area ranged from 5 to 6.50 m
from the front camera. The digitisation and the measurement
of the angles were carried out with version 0.7.10 of Kinovea®.

Analysis of data

Descriptive statistics were expressed as mean + SD (standard
deviation) and confidence intervals (CI 95%). The effect
sizes (d) of the differences obtained (small if 0 < Idl < .5;
medium if .5 < Idl £ .8; and large if Idl > .8) (Andersen et
al., 2020). The normality of the distribution was analysed
using the Kolmogorov-Smirnov method. The differences
between the "protocol" factor and the "shoulder vs. hip"
were analysed using repeated measures two-way ANOVA
and the subsequent post hoc tests were carried out using the
Bonferroni method. Paired sample t-tests were performed to
compare EA and NEA side shoulder and hip values under all
conditions. Statistical significance was set at p < .05 and all
statistical procedures were performed using the SPSS 23.0
program (IBM, Chicago, IL, USA). Test-retest (intraclass
correlation coefficient [ICC]), intra- and inter-observer
reliability was used to assess the reliability of the data. The
intra-observer ICC ranged from 0.95% and 0.96%, and the
inter-observer ICC, between 0.97% and 0.99%.

Results

The total range of rotation showed significant differences
depending on the protocol (F5, 11 =61.42; p <.01), of the
differences between shoulder and hip (F5, 11 = 335.19;
p < .01) and an interaction between the protocol and the
shoulder vs. hip factor (F5, 11 = 18.45; p < .01). Shoulder
rotation was greater than hip rotation in the six protocols
studied (Figure 2A) (F5, 11 =61.422; p <.01). The lowest
values were obtained for both cases in AEBR (p < .00;
p =.01), while they were similar in BR, ACBR and ACBL
(Table 1). On the NEA side, shoulder rotation was greater than
hip rotation for the six protocols studied (F5, 11 =395.402;
p < .01). The highest value of rotation in shoulders and
hips was obtained in AEBL (Table 1). On the EA side, the
rotation of the shoulders was greater than that of the hips in
BH, BR, ACBR and ACBL (F5, 11 =154.336, p < .01), but
was similar to hips in AEBR and AEBL (Table 1).
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Table 1
Total arm stroke time for each protocol.

Total arm Shoulder Hip

Protocol Time EA NEA d EA NEA d

NR 1.29 = 0.14 53.50 = 7.62 53.25 +10.69 -0.02 39.68 + 7.04# 38.12 +10.73# -0.17
BR 1.31 + 0.16 52.75 + 6.76 64.87 + 7.21*t -1.73 34.75 + .53# 47.06 + 8.01"# -1.89
AEBR 1.33 + 0.12 8.37 + 6.19t 66.50 + 8.50*t -7.81 1212 + 6.38#t 51.18 +10.66*T -4.44
AEBL 1.29 + 0.14 18.56 + 7.43t 77.56 +11.23*t -6.19 17.25 + 6.88#t  67.93 +14.00t -4.59
ACBR 1.50 + 0.19f 61.93 = 8.99 5431 + 8.81* 0.69 4293 + 6.04# 35.62 + 7.03"# 1.1
ACBL 152 + 0.18t 65.43 = 12.81 53.06 +13.73* 0.93 52.12 +14.454# 39.81 +10.99%#t 0.95

Differences and effect sizes (d) of the maximum rotation of the shoulders and hips of the executing arm (EA) and the non-executing
arm (NEA). Values expressed in degrees (°). BH: Breathing holding; breathing right (BR); AEBR: non-executing arm (NEA) extended
breathing on the side of the executing arm (EA); AEBL: breathing to the left; ACBR: NEA close breathing on that side (the right); ACBL:
to the left.

* Significant differences between the EA and NEA sides (asymmetry) (o < .05). # Statistical differences between shoulder and hip (p < .05).
T Statistical differences compared to BH (p < .05).

A 160 . *
140 -| * 1
120 - L *
100 | —
80 | *
60 - —
40 -|

—+

M Shoulder

20 4
L Hip

BH BR AEBR AEBL ACBR ACBL

B 100.0 +

90.04 *:1
80.0 |
70.0 -|
I |

60.01 |— Breathing

50.0 ’——l—‘ —e—Hip - NEA

40.0 -| —a— Shoulder - NEA
-e-Hip-EA

..m-- Shoulder - EA
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10.0

0.0 +

BH BR AEBR AEBL ACBR ACBL
PROTOCOL

Figure 2

Panel A: Total rotation range in degrees (°); Panel B: Percentage (%) of the total stroke cycle time required to reach maximum rotation
on the executing arm (EA) and non-executing arm (NEA) sides. Data obtained for the six protocols. BH: Breathing holding; breathing
right (BR); AEBR: non-executing arm (NEA) extended breathing on the side of the executing arm (EA); AEBL: breathing to the left;
ACBR: NEA close breathing on that side (the right); ACBL: to the left. (n = 16).

* Statistical differences between the shoulder and hip (p < .05). 1 Statistical differences to BH (p < .05).
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Significant differences in shoulder rotation symmetry
were shown in all protocols (F5, 11 = 60.151, p <.01)
between EA side and NEA side (F5, 11=379.238; p <.01),
except in BH (Table 1). Similar differences were found in
the symmetry of hip rotation (F5, 11 = 18.745; p < .01)
comparing the EA side with the NEA side (F5, 11 =279.26;
p <.01). In particular, the asymmetry in the BR, AEBR and
AEBL protocols achieved more rotation on the NEA side,
in both shoulders and hips, while the asymmetry in ACBR
and ACBL achieved more rotation on the EA side (Table 1).
Total stroke time was greater in ACBR (p =.02) and ACBL
(p = .01) compared to the other protocols (F5, 11 =5.75,
p < .01) (Figure 2B). Rotation at the shoulders and hips
followed a similar trajectory, although the hips took longer
than the shoulders to reach the maximum amount of rotation
in all six protocols (F5, 11 = 141.46; p < .01). On the EA
side, in the BH, BR and ACBR protocols, the maximum
rotation of the shoulders and hips was obtained later in the
total stroke duration compared to the AEBR and AEBL
(F5, 11 =6.83; p =.04).

Discussion

The objective of this study was to determine the differences
in shoulder and hip rotation caused by different front crawl
exercises and the symmetry of that rotation. Our results
showed that breath-holding (which acted as a control)
achieved shoulder and hip rotation symmetrically on both
sides, while asymmetry was observed in all protocols when
breathing, as rotation values increased in ~7-12° on the non-
breathing side (NEA). Swimming exercises that allowed the
arm to be extended forward produced a reduction in the range
of total rotation, at both the shoulders and the hips. However,
there were greater asymmetries between EA and NEA, with
a notable rotation towards the NEA side. In the swimming
exercises with the arm close to the body, the ranges of total
rotation and asymmetry were similar to those for normal
conditions, although a greater rotation was achieved on the
EA side, which was the opposite of that found in the other
protocols. Therefore, swimming exercises altered shoulder
and hip rotation, especially when breathing.

Rotation was greater in all protocols on the side opposite
the one on which the breath was taken (NEA). This result was
expected, given that asymmetries of body rotation have been
considered as a way of adapting to breathing (Psycharakis &
Sanders, 2010). In fact, it is important to bear in mind that the
duration of the breathing action could also modify the traction
cycle of the arm and the magnitude of the torque applied on
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the EA side, since the arm leaves the water before the breath
(Psycharakis & McCabe, 2011). According to the buoyancy
model proposed by Yanai (2004), the recovery actions of
the arms are enough to drive the rotation of the body on the
opposite side. Therefore, a recovery action that includes
breathing would increase that buoyant torque towards the
centre of mass of the body and, therefore, its rotation. Our
results agree with previous studies; Payton et al. (1999)
found a rotation of 62 + 4° and 55 + 4° between breathing
and non-breathing conditions. Lépez-Contreras & Arellano
(2002) found values of 60° and 48°, while Psycharakis &
McCabe (2011) found values of 59° and 51° for the tests
with and without breathing. Therefore, it appears that the
difference in rotation in swimming between breathing and
breathing holding tends to be ~10 + 3° greater when breathing.

The swimming exercises with the NEA extended (AEBR
and AEBL) were the ones that most altered the rotation. The
total rotation range was lower than the means obtained in
other protocols (Figure 2A), but a significantly lower rotation
was achieved on the EA side (~8-19°) compared to the values
obtained in the other protocols (~50-60°). This was explained
mainly by the fact that the extended arm restricted the rotation
of the body, which caused the swimmer's body to lie flat in
the water (Figure 1). In contrast, rotation was significantly
greater on the NEA side, producing a large asymmetry
relative to the EA side. This difference in asymmetry was
particularly large for the AEBL (50-59° difference). Possibly
due to differences in laterality dominance or neck flexibility,
swimmers exaggerated a movement they were not used to
(Psycharakis & Sanders, 2008). In any event, some authors
have stated that this position can place the EA trajectory in
a different position to its usual one, causing the hand to pass
well beyond the midline of the body towards the opposite
hip (Payton et al., 1999; Lépez-Contreras & Arellano, 2002;
Liu et al., 1993). Thus, if swimmers do not compensate for
changes in body rotation, the stroke may not be able to reach
its optimal depth and its propulsion effectiveness could be
compromised (Lecrivan et al., 2010; Liu et al., 1993).

On the other hand, these changes could be greater if
the frequency of the strokes is not kept constant, since an
excessive increase in the actions of the EA could cause
a shortening of the stroke, thus reducing its propulsive
capacity (Cuenca-Fernandez, 2020a; Funai et al., 2019).
When considering the stroke cycle time (Table 1), the AEBR
and AEBL protocols did not give any significant differences
to the normal swimming time, so it cannot be confirmed
that the propulsive efficiency could have been reduced
with a faster stroke. However, this possibility should not be
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completely ruled out by coaches when including this exercise.
Additionally, it is important to note that repetitive overhead
positioning of the arms, coupled with forced adduction and
internal rotation of the shoulders, could lead to shoulder
impingement and rotator cuff tendinosis, and ultimately could
cause shoulder pain or instability and incorrect swimming
technique. Therefore, this exercise should be considered
with caution if shoulder impingement of the outstretched
arm is to be avoided (Yanai & Hay, 2000).

The ACBR and ACBL protocols offered rotation
values similar to those found in BH and BR (Figure 2A).
However, because one arm was immobile next to the body
and breathing was on that side, the body needed to create
additional rotation to bring the head into a position out of
the water that would allow breathing. This caused a unique
increase in rotation on the EA side, at both the shoulders and
hips, and explained why the angle of rotation was greater
on the EA side than on the NEA side. Lopez-Contreras &
Arellano (2002) studied underwater front crawl trajectories
that restrict one arm and showed that the time spent in the
first part of the stroke (i.e. extension and catch) was reduced
in favour of adopting a body position that allows breathing.
Consequently, swimmers increased the duration of the hand-
thrusting motion to create tangible propulsion, but also as a
way to produce enough body rotation to the opposite side
to release that arm from the water (Figure 1). However, the
fact that the ACBR and ACBL protocols had the longest
stroke cycle times (Table 1), possibly indicated that either
1) no time was wasted on extension and catch, or ii) a higher
than normal resistance was produced by the positioning
of the body. The propulsion of the swimmer depends on
the hydrodynamic forces created by the movements of
their extremities, therefore the application of propulsive
forces with a single arm could increase the inertial forces
to overcome the resistance of the water, decreasing the
propulsive capacity and the swimming speed (Cuenca-
Fernandez et al., 2020a; Cuenca-Fernandez et al., 2020b;
Marinho et al., 2009). Further, this speed would be offset by
the resistance imposed by the front surface, as the position
with one arm extended produces 12.5% more resistance
than the sliding position with both arms extended, and this
quotient rises to 21.5% in the position with both arms close
to the body (Vorontsov & Rumyantsev, 2000; Marinho et al.,
2009). Therefore, apart from lower efficiency when using
only one arm, this exercise would offer more resistance in
the water, which would produce a lower swimming speed.

Temporal analysis showed that the shoulders reached
maximum rotation earlier than the hips, with total cycle time
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values of ~86-89% for shoulders and ~89-92% for hips on
the NEA side; and values of ~35-40% and ~37-44% for the
EA side, respectively (Figure 2B). This agrees with the study
by Psycharakis & Sanders (2008), who showed values of
78.3 £ 7.3% of total cycle time for shoulders and 79.7 £ 9.6%
for hips on the side opposite the breathing side (i.e., the
NEA side). Considering the total rotation achieved by the
shoulders and hips (Figure 2A), the rotation of the hips on
the NEA side (~40-60°) was less than that of the shoulders
(~50-80°), but the rotation of the hips was performed over
a longer time than that of the shoulders. In any case, while
the AEBL produced the greatest shoulder rotation, this
increase was also accompanied by a marked increase in
rotation at the hips (Table 1). This supports the theory that
longitudinal rotation can be transferred from the shoulder
to the hips (Andersen et al., 2020; Sanders & Psycharakis,
2009). For the ACBR and ACBL protocols, the increase in
shoulder rotation on the side opposite the breathing side
(EA side) was consistent with the increase found at the
hips on the same side of the body. Therefore, according to
other authors (Yanai, 2001; Psycharakis & Sanders, 2008),
increased shoulder rotation increased hip rotation, but the
hips rotated less, and later, than the shoulders. Thus, we
deduce that shoulders and hips followed a parallel trajectory,
but they did not achieve the same range of motion nor did
they do so at the same time (Andersen et al., 2020; Cappaert
et al., 1995; Yanai, 2003).

This study shows the limitation of not having measured
the trajectory of the hand using 3D techniques, which could
have provided an accurate approximation of how changes in
body rotation could generate different hand trajectories. In
addition, future studies should observe how the rotation of
the anteroposterior axis is modified with swimming exercises
from a zenithal point of view, since this rotation could
increase water resistance. In any case, since shoulder and
hip rotation affect joint movements and paraspinal muscle
development, the impact of these exercises on the swimmer's
body could improve health depending on personal goals and
should also be considered for back ailments.

Conclusions
Swimming exercises with one arm extended produced a high
asymmetry in body rotation during breathing and modified
the body position during the stroke. Swimming exercises
with the arm close to the body were the most similar in
terms of the general rotation of the body while swimming
front crawl. However, these exercises generated changes
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in the stroke cycle time that indicated that the swimmer's
technique worsened due to the body positioning. Therefore,
its transference could be questionable. In any case, it is
important to keep in mind that the effects that these exercises
can produce depend on the time, intensity and frequency
with which the instructors apply them, so their long-term
effects have yet to be determined.
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