&2JOMH

Journal of Men's Health J. Mens. Health 2022; 18(7): 151

https://doi.org/10.31083/j.jomh1807151

Original Research

The Impact of Assisted Swimming on Front Crawl Performance

Shin-Ichiro Moriyama®>*, Yasunori Watanabe?, Kosuke Masuda®, Yugo Toyoda*,
Jorge E. Morais®®, Pedro Forte>%7, Henrique P. Neiva®®, Daniel A. Marinho®®

I Department of Health and Sports Sciences, Tokyo Gakugei University, 184-8501 Koganei, Tokyo, Japan
2Department of Sports Science, Sendai University, 989-1693 Funaoka, Miyagi, Japan
3Faculty of Education, Tokyo Gakugei University, 184-8501 Koganei, Tokyo, Japan
4Graduate school of Education, Tokyo Gakugei University, 184-8501 Koganei, Tokyo, Japan
5Department of Physical Education and Sports, Instituto Politécnico de Braganga, 5300-253 Braganga, Portugal
6Research Center in Sports Sciences, Health Sciences and Human Development, CIDESD, 6201-001 Covilha, Portugal
"Department of Sports Sciences, Douro Higher Institute of Educational Sciences, 4560-708 Penafiel, Portugal
8Department of Sports Sciences, University of Beira Interior, 6201-001 Covilha, Portugal
*Correspondence: moriyama@u-gakugei.ac.jp (Shin-Ichiro Moriyama)

Submitted: 13 January 2022 Revised: 16 February 2022  Accepted: 2 April 2022  Published: 7 July 2022

Abstract

Background: In the present study, we aimed to clarify the impact of the Assisted swim (A-swim; towing from propulsion direction)
on front crawl performance at maximum and sub-maximum effort levels. Methods: Fourteen male collegiate swimmers (age, 21.0
=+ 2.0 years; height, 1.73 £ 0.05 m; weight, 67.1 £ 7.1 kg) participated. Participants swam 25-m front crawl at maximal (Max) and
submaximal intensity (Submax (80% of the max stroke rate (SR))) with and without an assist (assisted swimming with a towing device
and normal swim (N-swim) without the device) for a total of four lengths. In addition to swim velocity (V), SR, and stroke length (SL),
one stroke cycle was broken down into four phases—glide, pull, push, and recovery—and analyzed the duration of each phase. Results:
A significant interaction of level of efforts and presence/absence of towing was confirmed in V, SR, and SL. V and SL showed a significant
increase in A-swim compared to N-swim at both Max and Submax. SR was significantly higher in A-swim than in N-swim only at Max.
Each phase of stroke showed a significant difference in recovery at Submax and push at Max. Conclusions: Despite considering the
impact of propulsion from towing, A-swim increased SR, in addition to the V and SL, of swimmers compared with N-swim.
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1. Introduction

Assisted swim (A-swim) refers to pulling a swim-
mer to assist their propulsion from the direction of travel
using a towing device or a rubber tube, and it is consid-
ered sprint training in competitive swimming [1-3]. Tow-
ing swim with towing power greater than the swimmers’
propulsion allows swimmers to reach faster velocities than
that achieved by the swimmers themselves [3]. Therefore, it
is more familiar training for short-distance swimmers than
long-distance swimmers.

Swim velocity (V) is obtained as a product of stroke
rate (SR) and stroke length (SL) [4], which is used to an-
alyze swim performances. Generally, SR and SL are in a
tradeoff relationship with V (Eqn. 1).

V =SRxSL ()

Therefore, even if SR could be increased, anticipated
V improvement cannot be achieved if SL decreases. For
example, A-swim reportedly increased V, SL, and SR, and
decreased the hand depth [3]. However, when A-swim
was incorporated in training for 3 weeks, V did not change
while SR increased dramatically and SL decreased dramati-
cally [2]. Although A-swim increased V and SL, propulsive

force (mechanical power) exerted by the swimmer to push
the water was low [5]. Considering the abovementioned
fact, compared to normal swim (N-swim), the training ef-
fect of A-swim for a certain period remains unclear; how-
ever, A-swim would be expected to increase in swimmers’
V, SR, and SL without depending on their propulsive forces
to keep up with the towing by the device [3].

As a similar index of swimmers’ arm movements,
there is a report that broke down arm strokes into several
phases and analyzed periodic fluctuations in the velocity of
each stroke cycle and the ratio of time required for each
phase [6-9]. An attempt to clarify the impact of A-swim
on SR and SL by breaking down the stroke movements
into phases may lead to a new challenge in swim assess-
ment. Since resistance during underwater propulsion in-
creases in proportion to square ~ cube of V [10,11]. A-
swim causes higher resistance on the swimmer’s body than
N-swim. Therefore, it impacts the swim velocity fluctua-
tions within one stroke cycle, and as a result, a hypothesis
holds that the stroke index and duration of each movement
in A-swim are different from N-swim. In actual training, A-
swim refers to attaching a rubber tube onto a belt around the
swimmer’s waist where someone pulls the rubber tube from
the ground [2,12]. In addition to the rubber tube stretch-
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ing, the force with which coaches pull the swimmer, and
the level of effort by each swimmer vary. In other words,
A-swim practiced currently relies on a subjective view of
instructors and swimmers in terms of the load and points
of focus and it cannot be confirmed that it is an established
training method with universal significance. In spite of the
considerable degree of evidence on resistance swim similar
to this towing swim [13-21], findings on A-swim are rare;
thus, detailed reports on the subject are warranted.

Under such a circumstance, in the present study, we
aimed to clarify the impact of A-swim on performance at
two levels of effort: maximum (Max) and sub-maximum
(Submax). We hypothesized that swimming under A-swim
conditions can promote a faster V, faster SR, and longer SL
at Max and Submax.

2. Materials and Methods
2.1 Participants

Fourteen well-trained male collegiate swimmers vol-
untarily participated in the present study. Their mean age,
height, body mass, and FINA points at long course 50 m
freestyle were 21.0 + 2.0 years, 1.73 + 0.05 m, 67.1 £ 7.1
kg, and 547.4 £ 83.1, respectively. The following items
were set as the inclusion criteria: (i) swimmers who were
experienced in sprinting events, and (ii) swimmers without
any constriction cases during the last 6 months that could
restrict them from performing the required efforts as men-
tioned in the literature [22].

2.2 Experimental Procedure

The trial was a 25-m front crawl, consisting of A-swim
in which swimmers were towed in the propulsion direc-
tion using a towing device (Torrent E-Rack Swim Power
Trainer; Trilabs Inc., Walnut Creek, CA, USA) installed
above the pool wall and N-swim in which swimmers swam
without any towing [3,8,14,23] (Fig. 1). Swimmers were
instructed to swim at Max and Submax. For Submax, we re-
ferred to a previous study [3] and fluctuations in front crawl
short-distance race [24] and set SR at 80% of Max. There-
fore, all swimmers swam four lengths of 25-m front crawl
with a 30-minute break in between. Swimmers swam A-
swim after N-swim to smoothen the progress of this exper-
iment; however, the order of level of efforts (setting of SR)
was randomized. The swimmers repeated all the trials six
times and were instructed to not breathe. Before the experi-
ment, it was confirmed that there was no obvious difference
in the rhythm of left-right strokes following a visual obser-
vation of the three experienced swimmers (>10 years his-
tory of swimming and >4 years history of instruction). To
film underwater movements of swimmers as long-distance
as possible at 60 Hz, an action camera (GoPro9; GoPro Inc.,
San Mateo, CA, USA) fixed to a filming pole was used, and
an examiner ran along the length of the pool at the speed
of swimmers according to the method mentioned in a prior
study [25]. Owing to the design of the pool facility, A-swim

was filmed from the left side of swimmers while N-swim
was filmed from the right side of swimmers to confirm the
movement of whole arm stroke [6,26,27].

We connected a non-stretchable nylon cable to a belt
on swimmers’ abdomen. Swimmers were towed by the
towing device at the end of the cable installed at the edge of
the pool. During N-swim, swimmers swam as they pulled
non-stretchable cables of the device (Fig. 1). The SR of A-
swim at Submax was controlled in the range below 80%—
90% of N-swim at Max. The SR was measured using a
small audible waterproof metronome (Tempo Trainer Pro;
FINIS, Inc., Tracy, CA, USA) which swimmers wore under
their cap [11].

2.3 Measurements

The towing device was connected to a computer using
a USB cable for control. Swim velocity and travel distance
was input into the computer at the sampling frequency of
100 Hz using analytical software, Dasylab (Version 13.0,
Measurement Computing Corporation, Norton, MA, USA).
To analyze V (m-s—'), we used the travel velocity [28,29]
of the belt around the swimmers’ waist in the 7.5 m interval
between 12.5 and 20 m. The towing load maintained at 24
Ibs according to specifications of a previous study [30] for
A-swim, and 0 Ibs (no load) for N-swim. SR (Hz) was also
calculated by counting the number of video frames for two-
stroke cycles in the same section. SL (m) was calculated by
dividing V by SR.

In the present study, we referred to the coordination
index of stroke movements reported by Chollet ef al. [6]
and Seifert ef al. [9] and divided one stroke cycle of the
left arm with the camera into the following four phases; we
then calculated the duration of each stroke phase: (1) Glide
phase: from the moment the hand enters the water to when
the hand starts moving opposite to the direction of travel,
(2) Pull phase: from the moment the hand begins to move
opposite to the direction of travel to when it reaches right
below the shoulder, (3) Push phase: from the moment the
hand is right below the shoulder to when it leaves the water
near the thigh, and (4) Recovery phase: from the moment
the hand leaves the water to when it enters the water. For
the duration of each phase, the mean of two-stroke cycles
was analyzed.

2.4 Statistical Processing

All values were expressed either as mean =+ standard
deviation and 95% confidence interval (95% CI). Two-way
repeated-measures analysis of variance (ANOVA) (Effort,
Max or Submax x Towing situation, A-swim or N-swim)
was used to analyze the variations in swimming V, SR,
and SL. Additionally, two-way repeated-measures ANOVA
(Towing situation x duration of each stroke phase, glide;
pull; push; recovery) was used to confirm variance of du-
ration in stroke phase for each level of efforts, i.e., Max
and Submax. In cases when the interaction was significant,
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Fig. 1. Apparatus used for the measurements. (A) Assisted swimming (A-swim) in which swimmers were towed in the propulsion

direction using a towing device. (B) Free swimming (N-swim) in which the swimmers were not towed (zero load) by a towing device.

1 = Personal Computer, 2 = towing device.

Table 1. Performance variables at Submax and Maximum effort (data are means & SD).

. N-swim A-swim
Variables Effort
Mean (SD) 95% CI Mean (SD) 95% CI
V (mes ) Submax  1.54 (0.08) [1.50,1.59] 2.22(0.07) [2.18,2.26]
Max 1.64 (0.08) [1.59,1.68] 2.26 (0.06) [2.23,2.30]
SR (Hz) Submax  0.84 (0.04) [0.81,0.86] 0.84 (0.04) [0.82, 0.86]
Max 0.98 (0.05) [0.95,1.01] 1.03 (0.07) [0.99, 1.07]
SL (m) Submax  1.84 (0.13) [1.77,1.92] 2.64(0.15) [2.56,2.73]
Max 1.69 (0.13) [1.61,1.76] 2.20(0.17) [2.10,2.30]

V, swimming velocity; SR, stroke rate; SL, stroke length; Submax, submaximal effort;

Max, maximal effort; N-swim, swimming without towing device; A-swim, swimming

with towing device; 95% CI, 95% confidence interval.

we performed multiple comparisons with the Bonferroni for
each factor. Effect side of interaction and each factor were
expressed with bias n%: 0 < n? < 0.04 is without effect,
0.04 < 7% < 0.25 is minimum, 0.25 < n? < 0.64 is moder-
ate, and 0.64 < n? is strong [31]. The effect size of Bonfer-
roni Post-hoc test was calculated using Cohen’s d. Cohen’s
d effect sizes of the magnitude of 0.2, 0.5, and >0.8 cor-
responded to small, moderate, and large, respectively [32].
The level of statistical significance was set at 5% (p < 0.05).
We used the IBM SPSS Statistics 27 (IBM Corporation, Ar-
monk, NY, USA) software for statistical analysis.

3. Results

Significant interaction was confirmed in V (p = 0.001,
F=18.887,7?=0.04), SR (p=0.015, F =7.826, 7> = 0.06),
and SL (p < 0.001, F = 36.540, n> = 0.21) (Table 1). The
result of multiple comparisons of each factor showed that
for both A-swim and N-swim (Fig. 2), V and SR had sig-
nificantly higher values at Max than at Submax (p < 0.001,
d =0.56-3.47), whereas SL was significantly lower at Max
than at Submax (p < 0.001, d = 1.24-2.80). Both at Max
and Submax, V and SL were significantly higher in A-swim
than in N-swim (p < 0.001, d = 3.42-8.98). However, SR
was significantly higher in A-swim than N-swim only at
Max (p =0.012, d = 0.92), and there was no significant dif-
ference at Submax (p =0.119, d = 0.22).
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Duration of each stroke phase confirmed significant
interaction at Submax (p =0.019, F =4.103, n? = 0.08) (Ta-
ble 2) and Max (p = 0.045, F = 3.555, n? = 0.06) (Fig. 3).
A significant simple main effect was confirmed for the du-
ration of each stroke phase, at Submax, A-swim had sig-
nificantly higher value than N-swim (p < 0.001, d = 1.03)
only in the recovery phase, but no significant differences
observed for the other phases (p = 0.051-0.919, d = 0.03—
0.90). However, at Max, only for the push phase, A-swim
had significantly lower value than N-swim (p = 0.010, d =
1.24), but no significant differences observed for the other
phases (p = 0.073-0.934, d = 0.03-0.61). During the com-
parison between stroke phases, significant differences were
cofirmed between Glide and Pull (p = 0.001, d = 2.33) and
Push (p < 0.001, d =2.20), and between Recovery and Pull
(p < 0.001, d =2.49) and Push (p < 0.001, d =2.43) for the
A-swim at Submax. These differences were also confirmed
between Recovery and Glide (p = 0.016, d = 1.29), Pull (p
=0.011, d = 1.73) and Push (p = 0.002, d = 2.04) for the
A-swim at Max. However, no significant differences were
observed during N-swim in any of the stroke phases both
at Submax (p = 0.052-1.000, d = 0.19-1.33) and Max (p =
0.219-1.000, d = 0.15-0.87).
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Fig. 2. Swimming velocity (m-s~1). (A) stroke rate (Hz). (B) and stroke length (m). (C) in Submax and Max. Data are presented as

mean =+ SD. *, p < 0.05.

Table 2. The duration of each stroke phase at Submax and Max (data are means £ SD).

N-swim A-swim
Stroke phase Effort
Mean (SD) 95% CI Mean (SD) 95% CI
Glid Submax  0.37(0.09) [0.32,0.42] 0.37 (0.07) [0.33,0.41]
e
! Max 0.24 (0.06) [0.21,0.27] 0.24 (0.05) [0.21, 0.27]
Pull Submax  0.27 (0.06) [0.23,0.30] 0.24 (0.04) [0.21,0.26]
u
Max 0.25(0.03) [0.21,0.27] 0.23 (0.04) [0.21, 0.26]
Push Submax  0.28 (0.03) [0.26,0.30]  0.25 (0.02) [0.24,0.27]
s Max 0.27 (0.02)  [0.26,0.29] 0.23 (0.03) [0.21, 0.25]
Submax  0.29 (0.04) [0.27,0.32] 0.34 (0.04) [0.31,0.36]
Recovery
Max 0.27 (0.03)  [0.28,0.30] 0.29 (0.02) [0.28, 0.30]

Glide, glide phase; Pull, pull phase; Push, push phase; Recovery, recovery phase; Sub-

max, submaximal effort; Max, maximal effort; N-swim, swimming without towing

device; A-swim, swimming with towing device; 95% CI, 95% confidence interval.

4. Discussion

In the present study, we aimed to clarify the impact of
A-swim at Max and Submax effort levels on performance.
The main finding of this study was that the higher values
were confirmed in V, SR, and SL in A-swim compared to
those of N-swim at both of Max and Submax. These re-
sults supported previous studies in the literature [3,5] and
verified our hypotheses.

On the body of swimmers moving forward in the wa-
ter, in addition to their thrust for propulsion [26,27], there
exists resistance that increased in proportion to square to
the cube of the propulsion velocity [10,11]. To illustrate,
among the total resistance on the body, the thrust required
to propel forward becomes propulsion [26,27,33]. Con-
versely, in A-swim, swimmers constantly swim with thrust.
Therefore, in order to increase V, propulsion more than tow-
ing must be created by the limbs. In the present study,
swimmers had significantly higher V at Max than Submax
for both N-swim without the towing device and A-swim
with the towing device. In conclusion, it is evident that
the towing force of 24 lbs is a load that male competitive

swimmers with a FINA POINT of approximately 500 who
participated in this study can adjust their V in voluntary.
The arm movements in front crawl can be classified
into three patterns based on the coordination of both arms
[6]; however, in all patterns, the velocity of the front crawl
was not constant, wherein acceleration and deceleration re-
peat dependent on the movements of strokes [26,27]. Fo-
cusing on the changes brought about by the level of efforts
with/without towing revealed the presence of a significant
interaction between V, SR, and SL. In addition, even if SR
is controlled, V and SL were drastically higher when towed.
This result indicated that with towing, even in phases with
no acceleration and those in which the swimmer might de-
celerate, constant towing from the front results in a differ-
ence in acceleration within one stroke cycle between A-
swim and N-swim. In other words, in A-swim, the towing
cable can move the swimmers forward constantly, regard-
less of swimmers’ arm-stroke position, even in the recovery
phase when no propulsion is generated against the water.
We then examined the changes in the duration of each
stroke phase from the point of towing. Narita ef al. [11]
reported that when swimmers’ SR was controlled using a
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Fig. 3. Duration of each stroke phase (s). (A) Submax and Max effort during N-swim (solid line) and A-swim (dotted line). (B) Data

are means + SD.

small audible waterproof metronome, swim itself became
different from N-swim in some cases. In other words, as ob-
served in the present study, in A-swim at Submax, as swim-
mers synchronized their arm movements to the metronome
used to recreate the SR of N-swim, it might have impacted
the difference in the duration of the recovery phase.

In terms of A-swim at Max, Williams et al. [3] re-
ported that the position of stroke was shallower than that of
N-swim, increasing SR. In the present study, although we
cannot discuss changes in the stroke arm positions, the re-
sults supported those reported by a previous study [3]. High
SR in A-swim might be explained by the difference in dura-
tion of the recovery phase at Submax and time difference in
the push phase at Max. For example, by adjusting the coor-
dination of arm strokes and kicking, the point at which the
arm leaves the water might move closer to the head. How-
ever, even when comparing SL at Max between A- and N-
swim, SL is considerably longer under towing. Therefore,
details of the movement difference by SL cannot be deter-
mined. Prior studies [1,34,35] that examined the arm angles
of competitive swimmers from the side reported that swim-
mers moved their hands, forearms, and upper arms perpen-
dicular to the floor to push the water and gain thrust. There-
fore, the swimmers gained an increased area of the forward
project in the direction of propulsion. In other words, in A-
swim, by being towed from the propulsion direction, water
collides with the surface of the arm in the propulsion direc-
tion, possibly promoting the acceleration of the push phase.
If this inference is correct, when synchronizing the stroke
with the metronome rhythm, adjustments were being made
in the recovery phase. To verify this inference properly, a
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difference of both arms in N-swim and A-swim should be
confirmed, and pressure difference in both sides of hands
should be quantified using a pressure sensor [26,27,36,37].
In any case, A-swim contributes to increasing swimmers’
SR as well as SL and V.

4.1 Practical Implications to Improving Swimming
Performance

Since SL of A-swim is longer than that of N-swim,
its effectiveness as a training to improve swimmers’ tech-
nique has been indicated [5,12]. In contrast, the present
result showed that A-swim significantly increases SR of
swimmers compared to N-swim. Futhermore, Girold et al.
[2] reported that 3 weeks of A-swim training increased SR
and strength at a high velocity. Therefore, A-swim could
also be an effective training method to improve the rota-
tion of arms. However, even if SR is increased with A-
swim, SL might decrease [12]. Additionally, it has been
reported that A-swim may change the stroke pattern [3,12],
slow down the hand speed, and/or cannot maintain the ki-
netics of the hand movement [3]. Thus, A-swim may be
masking the decrease in propulsive force. Actually, in
semi-tethered swimming, there are concerns that the coor-
dination of strokes (coordination pattern) may be changed
[23] and that the propulsive force exerted by the swimmer
may be decreased [3,22]. Regardless, when swimmers and
coaches are implementing A-swim, it is imperative to focus
on changes in stroke movements in addition to SR and SL.

As an assessment method of physical strength ele-
ments (powers that impact V), the tethered resisted swim
is a major knowledge; however, A-swim might be consid-
ered a new evaluation method in addition to being a train-
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ing method. Meaning comparing the difference in accelera-
tion and deceleration of stroke movements using towing can
clearly show the propulsion phase and deceleration phase
of swimmers. In the future, a more detailed analysis of ki-
netics which especially include measuring the thrust of arm
stroke [27] and kinematics of stroke movements in A-swim
is anticipated. Confirming the towing force setting may also
be useful. Depending on the swimmers’ performance level,
it could exceed the velocity of towing.

4.2 Practical Implications to Promoting Health

Swimmers can achieve a faster V in A-swim compared
with N-swim. For recreational swimmers who swim mainly
out of interest or for health maintenance, they can train
for longer distances in a fixed time through faster swim-
ming and improved skills efficiency with A-swim. In other
words, A-swim can serve as a useful training for both com-
petitive and recreational (health conscious) swimmers. As
training for health maintenance is different from perfor-
mance, the use of A-swim to keep training at maximal ve-
locity with lower energy cost, compared with N-swim, can
help to reduce the physiological effort relation to recover-
ing strategies and to avoid overtraining. This will also allow
better control over training intensities.

Sex difference, given that V is a product of SR and SL,
it is likely that the benefits derived from A-swim in females
will be similar to males.

5. Conclusions

We conclude that A-swim with a load of 24 lbs in-
creases SR in addition to the V and SL of swimmers com-
pared with N-swim, even considering the impact of propul-
sion by towing. Furthermore, from the changes in the dura-
tion of the push phase, impact on stroke movements was in-
dicated. There is a possibility, however, A-swim negatively
change kinetics and kinematics. Therefore, for coaches
and swimmers, understanding the characteristics of A-swim
and carefully pay attention to changes in swimming perfor-
mance due to it could be needed if introducing A-swim into
training.

Author Contributions

SIM, YW and KM conceptualized and designed the
study. SIM, KM, and YT performed the research. SIM
wrote the manuscript. SIM and KM analyzed the data.
YT, YW, JEM, PF, HPN, and DAM reviewed and edited
the manuscript. All authors read and approved the final
manuscript.

Ethics Approval and Consent to Participate

All swimmers signed the informed consent from prior
to participating in the study. This study was approved by
the Institutional Ethics Committee of Tokyo Gakugei Uni-
versity, Japan (approval number 494). All human research

procedures were in accordance with the ethical standards of
the committee responsible for human experimentation (in-
stitutional and national), and with the Helsinki Declaration
of 1975 as revised in 2013.

Acknowledgment

We would like to thank Associate professor Shunsuke
Yamaji at the Fukui University for the advice on statistical
matters.

Funding

This work was supported by the JSPS KAKENHI
Grant Number JP21K11360 and through the Portuguese
Foundation for Science and Technology (FCT), L.P., under
project UIDB04045/2020.

Conflict of Interest

The authors declare no conflict of interest. PF, HPN,
and DAM are serving as one of the Guest editors of this
journal. DAM is are serving as one of the Editorial Board
members. We declare that PF, HPN, and DAM had no in-
volvement in the peer review of this article and has no ac-
cess to information regarding its peer review. Full responsi-
bility for the editorial process for this article was delegated
to AT.

References

[1] Maglischo EW. Swimming fastest. Human Kinetics: Cham-
paign, IL, USA. 2003.

[2] Girold S, Calmels P, Maurin D, Milhau N, Chatard JC. As-
sisted and Resisted Sprint Training in Swimming. The Journal
of Strength and Conditioning Research. 2006; 20: 547-554.

[3] Williams BK, Sinclair PJ, Galloway M. Changes in stroke
kinematics during resisted and assisted freestyle swimming. In
Schwameder H, Strutzenberger G, Fastenbauer V, Lindinger S,
Miiller E (eds.) XXIV International Symposium on Biomechan-
ics in Sports. Zalzburg: Austria. 2006.

[4] Craig AB, Pendergast DR. Relationships of stroke rate, distance
per stroke, and velocity in competitive swimming. Medicine and
Science in Sports. 1979; 11: 278-283.

[5] Tsunokawa T, Koga D, Mankyu H. Propulsion force of swim-
mers’ hands and mechanical power in sprint training. Reaserch
Journal of Sports Performance. 2021; 13: 181-194. (in
Japanese)

[6] Chollet D, Chalies S, Chatard JC. A new index of coordination
for the crawl: description and usefulness. International Journal
of Sports Medicine. 2000; 21: 54-59.

[7] Fernandes RJ, Ribeiro J, Figueiredo P, Seifert L, Vilas-Boas JP.
Kinematics of the hip and body center of mass in front crawl.
Journal of Human Kinetics. 2012; 33: 15-23.

[8] Morougo PG, Barbosa TM, Arellano R, Vilas-Boas JP. Intra-
cyclic Variation of Force and Swimming Performance. Interna-
tional Journal of Sports Physiology and Performance. 2018; 13:
897-902.

[9] Seifert L, Chollet D, Rouard A. Swimming constraints and arm
coordination. Human Movement Science. 2007; 26: 68-86.

[10] Toussaint HM, de Groot G, Savelberg HH, Vervoorn K, Hollan-
der AP, van Ingen Schenau GJ. Active drag related to velocity
in male and female swimmers. Journal of Biomechanics. 1988;
21: 435-438.

&% IMR Press


https://www.imrpress.com

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

Narita K, Nakashima M, Takagi H. Effect of leg kick on active
drag in front-crawl swimming: Comparison of whole stroke and
arms-only stroke during front-crawl and the streamlined posi-
tion. Journal of Biomechanics. 2018; 76: 197-203.

Maglischo EW, Maglischo CW, Zier DJ, Santos TR. The effect
of sprint-assisted and sprint-resisted swimming on stroke me-
chanics. Journal of Swimming Research. 1985; 1: 27-33.
Abbes Z, Haddad M, Bibi KW, Mujika I, Martin C, Chamari
K. Effect of Tethered Swimming as Postactivation Potentiation
on Swimming Performance and Technical, Hemophysiological,
and Psychophysiological Variables in Adolescent Swimmers.
International Journal of Sports Physiology and Performance.
2020; 16: 311-315.

Amaro N, Marinho DA, Batalha N, Marques MC, Morougo P.
Reliability of tethered swimming evaluation in age group swim-
mers. Journal of Human Kinetics. 2014; 41: 155-162.
Kalva-Filho CA, Toubekis A, Zagatto AM, Silva ASD, Loures
JP, Campos EZ, et al. Reliability and Validity of Tethered Swim-
ming Lactate Minimum Test and their Relationship with Perfor-
mance in Young Swimmers. Pediatric Exercise Science. 2018;
30: 383-392.

Morougo P, Keskinen KL, Vilas-Boas JP, Fernandes RJ. Rela-
tionship between Tethered Forces and the Four Swimming Tech-
niques Performance. Journal of Applied Biomechanics. 2011;
27: 161-169.

Morougo PG, Marinho DA, Keskinen KL, Badillo JJ, Marques
MC. Tethered Swimming can be used to Evaluate Force Con-
tribution for Short-Distance Swimming Performance. Journal of
Strength and Conditioning Research. 2014; 28: 3093-3099.
Nagle Zera J, Nagle EF, Nagai T, Lovalekar M, Abt JP, Lephart
SM. Tethered Swimming Test: Reliability and the Association
with Swimming Performance and Land-Based Anaerobic Per-
formance. Journal of Strength and Conditioning Research. 2021;
35: 212-220.

Neiva H, Morougo P, Silva AJ, Marques MC, Marinho DA. The
Effect of Warm-up on Tethered Front Crawl Swimming Forces.
Journal of Human Kinetics. 2011; 29A: 113-119.

Papoti M, da Silva ASR, Kalva-Filho CA, Araujo GG, Santiago
V, Martins LB, et al. Tethered Swimming for the Evaluation and
Prescription of Resistance Training in Young Swimmers. Inter-
national Journal of Sports Medicine. 2017; 38: 125-133.
Ruiz-Navarro JJ, Morougo PG, Arellano R. Relationship be-
tween Tethered Swimming in a Flume and Swimming Perfor-
mance. International Journal of Sports Physiology and Perfor-
mance. 2020; 15: 1087-1094.

Cuenca Fernandez F, Gay Parraga A, Ruiz Navarro JJ, Arel-
lano Colomina R. The effect of different loads on semi-tethered
swimming and its relationship with dry-land performance vari-
ables. International Journal of Performance Analysis in Sport.
2020; 20: 90-106.

Dominguez-Castells R, Arellano R. Effect of different loads
on stroke and coordination parameters during freestyle semi-

&% IMR Press

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

tethered swimming. Journal of Human Kinetics. 2012; 32: 33—
41.

TRITONWEAR. Race analysis. 2016. Available at: https://ww
w.tritonwear.com/race-analysis (Accessed: 26 Janurary 2022).
Osborough C, Daly D, Payton C. Effect of swim speed on leg-
to-arm coordination in unilateral arm amputee front crawl swim-
mers. Journal of Sports Sciences. 2015; 33: 1523-1531.
Morais J, Barbosa TM, Lopes VP, Marques MC, Marinho DA.
Propulsive force of upper limbs and its relationship to swim
velocity in the butterfly stroke. International Journal of Sports
Medicine. 2021; 42: 1105-1112.

Morais JE, Forte P, Nevill AM, Barbosa TM, Marinho DA.
Upper-limb kinematics and kinetics imbalances in the determi-

nants of front-crawl swimming at maximal speed in young inter-
national level swimmers. Scientific Reports. 2020; 10: 11683.

Barbosa TM, Morais JE, Marques MC, Silva AJ, Marinho DA,
Kee YH. Hydrodynamic profile of young swimmers: Changes
over a competitive season. Scandinavian Journal of Medicine
and Science in Sports. 2015; 25: e184—e196.

Neiva HP, Fernandes RJ, Cardoso R, Marinho DA, Abraldes JA.
Monitoring master swimmers’ performance and active drag evo-
lution along a training mesocycle. International Journal of Envi-
ronmental Research and Public Health. 2021; 18: 3569.
Moriyama S, Kurono T, Watanabe Y, Wakayoshi K. The ef-
fect of different tethered forces on assisted freestyle swimming
performance. Journal of Physical Fitness and Sports Medicine.
2018; 7: 430.

Ferguson CJ. An effect size primer: A guide for clinicians and
researchers. Professional Psychology: Research and Practice.
2009; 40, 532-538.

Cohen J. Statistical power analysis for the behavioral sciences.
2nd edn. Lawrence Erlbaum Associates: Hillsdale, NJ, USA.
1998.

Toussaint HM, Hollander AP. Energetics of competitive swim-
ming. Implications for training programmes. Sports Medicine.
1994; 18: 384-405.

Marinho DA, Silva AJ, Reis VM, Barbosa TM, Vilas-Boas JP,
Alves FB, et al. Three-dimensional CFD analysis of the hand and
forearm in swimming. Journal of Applied Biomechanics. 2011;
27: 74-80.

Suito H, Nunome H, Tkegami Y. A quantitative evaluation of the
high elbow technique in front crawl. Journal of Sports Sciences.
2017; 35: 1264-1269.

Takagi H, Wilson B. Calculating hydrodynamic force by using
pressure differences in swimming. In Keskinen KL, Komi PV,
Hollander AP (eds.) Biomechanics and Medicine in Swimming
VIII (pp. 101-106). University of Jyvéskyld: Jyviskyld, Fin-
land. 1999.

Tsunokawa T, Mankyu H, Takagi H, Ogita F. The effect of using
paddles on hand propulsive forces and Froude efficiency in arm-
stroke-only front-crawl swimming at various velocities. Human
Movement Science. 2019; 64: 378-388.


https://www.tritonwear.com/race-analysis
https://www.tritonwear.com/race-analysis
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Participants
	2.2 Experimental Procedure
	2.3 Measurements
	2.4 Statistical Processing

	3. Results
	4. Discussion
	4.1 Practical Implications to Improving Swimming Performance
	4.2 Practical Implications to Promoting Health

	5. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

