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Abstract. Structured training is required to help improve the time speed perfor-
mance of competitive swimmers. This study aims to analyse the effect of com-
bined dryland strength training and swimming training programmes based on the
best time on swimming performance in athletes with disabilities. The research
subjects consisted of seven provincial-level swimming athletes with disabilities
who underwent training camps in preparation for the Indonesia Paralympics
Games. This research is experimental research with one group pretest-posttest
design method. The training was conducted for 13 weeks with details of 3 dryland
training sessions and eight swimming training sessions per week. Performance
measurements were carried out by taking pre-test and post-test data on swimming
speed with distances of 50 m, 100 m and 200 m according to the style of each
athlete's race number. IBM SPSS Statistics version 21 was used to analyse nor-
mality and test the effect of training. Wilcoxon test was used to test the signifi-
cance of the effect of training. The average performance improvement for the
pre-test was 3.42+5.31, while the post-test result was 9.28+7.20 (p<0.05). In ad-
dition, the mean pre-test in elite athletes was 3.20+6.34 and for the post-test
10.6+6.76 (p<0.05). Furthermore, the mean pre-test in sub-elite athletes was
4.00+2.82 and for the post-test 6.00+£9.89 (p>0.05). The study showed a signifi-
cant effect of dryland strength and swimming training programmes on the swim-
ming speed performance of athletes with disabilities.
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1 Introduction

Swimming is a very competitive sport; only a slight time difference can affect the
outcome of a match, especially in numbers sprinter (1,2). The ability of speed and
strength of muscular endurance is essential to reach the peak of performance when
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competing. Swimmers participating in a competition do the exercises strength and
swim before the start of the competition (3). Strength training is the foundation for all
athletes competing at a high level (4). The periodisation of strength training is also
included in the planning of an exercise (5). The method commonly referred to in swim-
ming sports for outdoor training is dryland. Swimming performance highly depends on
muscle strength, especially over short distances (6). Muscle strength also influences the
speed of swimming 50 meters freestyle (7). Apart from strengthening exercises, tech-
nical exercises in water must also be carried out. Improved swimming performance can
also be caused by increased stroke length, speed, or both techniques (8).

According to Amara (9), Swimming performance can be improved by sport-spe-
cific exercises in the water and through exercise dryland. Strength performance is a
crucial determinant of performance in swimming (9). Other studies prove that exercis-
ing dryland strength And in the water can optimise muscle strength and improve sprint
swimming performance (6,10). In addition, Marinho et al. (11) show that strength train-
ing increases strength in the upper and lower limbs, improving swimmer performance.
On the other hand, an injury prevention program for swimmers should include strength-
ening, stretching, and resistance exercises (12). Physiological adaptations must be
achieved to improve performance in the long run (13). However, performance is also
strongly related to muscle strength and power (11).

Studies on elite athletes have also shown a significant influence between strength
training and performance (14). Manurut Hermosilla et al. (15) The success of a strength
and conditioning program in swimming depends on several factors, including the type
of exercise, training method and duration, periodisation, training performed, and level
of swimmer (15). Strength and power development should always be carried out in
parallel with swimming training throughout the season, regardless of swimming dis-
tance (13). The research conducted by Lopes et al. (16) Found a significant effect on
competitive swimmers during eight weeks of strength training combined with aerobic
swimming training. Training model dryland can be an alternative exercise for swim-
mers with limited sports facilities and infrastructure (17).

Dryland training targeting specific motor and coordination skills relevant to Para-
lympic swimming can improve strength, power, dive start, and free-swimming speed
(18). Previous research on swimming exercise has generally been based on non-disa-
bled swimmers, while there has been little relevant research on people with disabilities
(2). The study of dryland strength And swimming training also in athletes with disabil-
ities is rarely done. For this reason, this research is significant to be carried out as ref-
erence material, especially in swimming. This study aims to analyse the influence of
exercise dryland strength and swimming training on performance in elite and sub-elite
groups of disabled athletes.
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2 Methods

2.1  Research Design and Participant

The design of this study was an experimental study without a control group. The
methods used are one group pre-test and post-test only design (19). The study subjects
consisted of seven provincial athletes with disabilities who underwent training camps
to prepare for the Indonesian Paralympic Games. The characteristics of athletes are
distinguished based on the level of achievement obtained during their career as athletes.
Five elite athletes (2 women and three men) have track record Achievements in several
national and international events, and the other two are rookies.

2.2 Data Collection and Procedures

All athletes undergo four months or thirteen weeks of training. Periodisation is car-
ried out to create a structured and well-planned program to improve all athletes' perfor-
mance. Exercise program dryland strength which is done three times the frequency each
week (20-22). One session before swimming training, one session after swimming
training and one-morning session without any swimming session on the same day. Im-
plementation of exercises dryland strength conducted on Monday, Wednesday and Sat-
urday. The exercise program involves upper extremity muscles and lower extremity
muscles. The number of reps is 12, and 4 sets interspersed with 60-90 seconds breaks.

The morning session exercise occurs at 06.00-09.00, while the afternoon session is
at 15.30-17.30. The swimming training program is as much as eight times per week,
every Monday to Friday in the morning and evening. Before stepping on the core of the
exercise, the athletes perform stretching first outside the pool. After that, during the
pool, do warming up with intensity or Pace 50% of Personal Best Time individual ath-
letes. After entering the exercise's core, the program is divided into two types: using
and without tools. The supporting tools used during training include a pull buoy, paddle,
snorkelling, fins, and nose clip. The Drill Method is a comprehensive plan of systematic
presentation of material whose implementation is based on an approach determined by
training so that specific knowledge and skills can be thoroughly possessed and mastered
by students and athletes (23). After the core exercises are performed, cooling down in
the pool with the same intensity as warming up, i.e. 50%.

Taking test data must prepare tools such as flags, whistles, stopwatches, white-
boards, test forms, and ballpoint pens. The special tools for visually impaired athletes
are the boundary rope as Lane and a ball stick as a sign or cue. Pickup distance 7Test
Starting from the lowest distance, namely 50 meters, 100 meters and 200 meters, by
finishing according to the race number followed. The numbers followed have been ad-
justed to the type of disability of the athletes and classified according to International
Paralympic Committee standards (2). Before the test begins, each athlete is welcome to
perform stretching and warming up in ponds at a distance of 100 to 200 meters. The test
starts from the beginning of the block, and when the whistle blows, the swimmers start
the race. The swimmers are instructed to reach maximum swimming speed as quickly
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as possible and maintain it for as long as possible. Race times are recorded using a
stopwatch from the first whistle until the swimmer completes his test distance marked
by touching the wall with one hand. After finishing one style, the swimmers recover for
5-10 minutes until the pulse is regular. Furthermore, when all tests are completed, swim-
mers cool down at a distance of 100 meters (11).

2.3 Statistical Analysis

The data obtained is then analysed descriptively to see the average value and stand-
ard deviation. Non-parametric tests are performed using Shapiro-Wilk to test data nor-
mality. At the same time, the paired t-test through the Wilcoxon test is carried out to
determine the effect of giving exercise. The same test is also done to determine the
difference between elite and sub-elite athletes' pre-test and post-test. The results of the
development of the swimming test are seen from the percentage value. IBM Statistical
Application version 21 is used to analyse all data.

3 Results

The statistical descriptive data results related to the research subject's character can
be seen in Table 1. 71.4% (5) are elite athletes, and 28.6% (2) are sub-elite athletes. In
addition, based on limitations or types of disabilities, they are also presented in Table
1. Athletes with visual impairment were 28.6% (2) and 71.4% (5) with physical disa-
bilities. Another characteristic is the male-dominated sex. While it can be seen based
on age categories, the subject is more under 20 years old.

Table 1. Charteristic of participant

Characteristic N Percentage
Gender
Male 5 71.4
Female 2 28.6
Age
<20 year old 4 57.1
> 20 year old 3 42.9
Category Athlete
Elite 5 71.4
Sub-Elite 2 28.6
Disability
Visual Impairment 2 28.6

Physical Impairment 5 71.4
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Table 2. Dryland strength item exercise for swimming performance
Part Item Exercise Repetition Set
Upper Extremity Regular Push-Up 12 4
Lower Extremity Lunges 12 4
Upper-Back Extremity Back-Extension 12 4
Core Crunch 12 4
Upper Extremity Wide Push-Up 12 4
Lower Extremity Wall Sit 45 second 4
Upper-Back Extremity Dynamic Bridge Pose 12 4
Core Heels Tap 12 4
Upper Extremity Shoulder Tap 12 4
Lower Extremity Squat 12 4
Upper-Back Extremity Dynamic Side Plank 12 4
Core Leg Raise 12 4
Upper Extremity Superman Push-Up 12 4
Lower Extremity Calf Raise 12 4
Upper-Back Extremity Bear Crawl 12 4
Core Plank 45 second 4
Table 3. Swimming training programme in para swimmer athletes
No Low Volume (2000 meters) High Volume (3000 meters)

Warming Up 6x50 m change style
pace: 50-60%

Warming Up 6x50 m change style
pace: 50-60%

2 Swimming 1x400 m (4 Sets); (S50M  Swimming 1x200 m (4 sets); (100m
first 100%; SOM next 80%) first 100%; 100m next 80%)

3 Swimming 1x50 m (6 Set); 35m first Swimming 4x50 m (3 sets); (25m
90%; 50m next 80%) first 90%; 25m next 80%)

4 Swimming 1x100 m (4 Set); 50m Swimming 1x100 m (4 set); (50m
first 90%; 50m next 80%) first 100%; 50 next 80%)

5 Swimming 1x50 m (6 Set); (35m Swimming 4x50 m (3 Set); 25m first
first 100%; 15 m next 80%) 90%,; 25m next 80%)

6 Cooling Down 6x50 m change style; Cooling Down 6x50 m change style;

40-50%)

40-50%)
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Table 4. Statistical descriptive results pre-test and post-test and results Wilcoxon test

Variable Pre-Test Post-Test Wit  p-value
Mea SD Mea SD h
n n
Elit 3.20 6.3 10.6 6.7 - 0.041
Performan e 4 6 2.041b *
ce athlete
s
Sub 4.00 2.8 6.00 9.8 - 0.665
elite 2 9 0.447b
athlete
s
Tot 3.42 53 9.28 7.2 - 0.041
al 1 0 2.047b *
*significantly p<0.05 (CI=95%)
O All Athlete Sub-Elite Athlete [ Elite Athlete
[ =
Percentage =
[ — |
0 2 4 6 8 10 12

Figure 1. Graphic percentage (%) of performance swimming

Based on Table 4 describing the Wilcoxon test results, it can be seen that there are
significant results in the pre-test and post-test with p-value = 0.041 (p<0.05). Further-
more, there are differences between the two in the different tests carried out in the elite
and sub-elite athlete groups. The significance value in the elite athlete group shows that
p-value =0.041 (p<0.05) means a significant difference between the pre-test and post-
test. Conversely, sub-elite athletes showed a value of p = 0.665 (p > 0.05), meaning
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there is no significant difference in pre-test and post-test results. Figure 1. shows the
development of the performance percentage of all athletes. The elite athlete group has
a more significant percentage when compared to the sub-elite athlete group.

4 Discussion

The results showed that exercise dryland strength And swimming training could
have a significant influence on the results of the performance speed of para-athletes
swimmer. Other studies also mention that swimmers who undergo an exercise in water
and dryland can improve performance (24). Strength training is an exercise protocol
dryland. The most commonly applied to improve swimming performance. This re-
search aligns with that conducted by Subekti et al. (17) that there are significant results
in practice dryland against swimming performance. In addition, other researchers men-
tion that using theraband at dryland exercise can also improve athletes' swimming per-
formance (25,26). Program dryland strength during the in-season period should still be
included in the exercise routine to improve swimming performance (14) further.

Based on the research results, the elite athlete group showed a significant influence
on training interventions dryland and training carried out on swimming performance.
The research conducted by Jone et al. (27), Elite swimmers exhibit superior strength
and power characteristics compared to younger, less experienced swimmers (27). In
addition, the ability of the elite male and female swimmers shows that the exercise
program dryland In the form of upper leg strength training and lower leg extensor
strength devoted to producing better lap times (27). It can be seen in figure 1. shows
that the percentage of performance of elite athletes is much better than sub-elite. In
addition, the percentage of elite athletes exceeds the overall percentage of the develop-
ment of swimming performance. Moreas' study et al. (28) also found that senior swim-
mers were faster at each start and swimming at the 50-meter freestyle than junior ath-
letes. According to Hellard et al. (29), This swimming exercise is associated with exer-
cise dryland, which is focused on increasing maximum muscle strength. This dryland
exercise modality proved sufficient to elicit changes in muscle strength, functional per-
formance, and postural control in elite Paralympic swimmers (30). Other studies have
suggested that the results of exercise interventions in dryland specialised over four
years can improve the functional and physical requirements of top-level Paralympic
swimmers (31). Swimmers with disabilities must practice stroke speed more, slightly
decreasing stroke length, to achieve higher swimming speeds (32).

Elite athletes have gone through various experiences and have a longer training
age when compared to sub-elite athletes. The level of performance and achievement is
also a measure of the success of elite athletes in facing various kinds of training and
difficulties faced during training. While in sub-elite athletes, they must have more flight
hours to match the performance of elite athletes. Swimmers may have to start early to
achieve their best performance on time and not miss their chance (33). The accumula-
tion of training time and competition experience that is, deliberate training, thus con-
tributing to the achievement of elite performance (34). According to Born et al. (33),
approximately eight years of accumulated competition training required to achieve top
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elite performance (> 900 FINA points) still provides sufficient time to build a strong
foundation with broad and varied skill acquisition before reaching peak performance
age.

5 Conclusion

This study found a significant effect of dryland strength training and swimming
training on the speed performance of disabled swimmers. Elite swimmers have better
abilities when compared to sub-elites. The elite group's development percentage was
also significant compared to the overall data. Dryland strength exercises can be done
in as many as three weekly sessions. While in the swimming training program, prac-
tising with medium and high volumes with 8 sessions before the pre-competition period
is recommended. The combination of dryland strength and pool training should be in-
cluded in the program planner for trainers with disabilities. More specific research
needs to be done to discuss the long-term dryland strength periodisation program and
kinematics of swimming technique training in athletes with disabilities.

References

1. Kwok WY, Chun B, So L, Hon D, Tse T, Sheung S, et al. A Systematic Review and Meta-Analysis :
Biomechanical Evaluation of the Effectiveness of Strength and Conditioning Training Programs on
Front Crawl Swimming Performance. J Sport Sci Med. 2021;20(June):564-85.

2. ZhouZLiS, Yang L, Gao Z, Lin Y, Radak Z. Inter-Segmental Coordination of the Swimming Start
among Paralympic Swimmers: A Comparative Study between S9, S10, and S12 Swimmers. Appl Sci.
2023;13(9097):12.

3. Tsoltos A, Arsoniadis G, Tsolakis C, Koulouvaris P, Simeonidis T, Chatzigiannakis A, et al. Delayed
Effect of Dryland Strength Training Sessions on Swimming Performance. J Funct Morphol Kinesiol.
2023;8( 87):4-13.

4. Crowley E, Harrison AJ, Lyons M. Dryland Resistance Training Practices Of Elite Swimming Strength
and Conditioning Coaches. J Strength Cond Res. 2018;39(2):9.

5. Arsoniadis G, Botonis P, Bogdanis GC, Terzis G, Toubekis A. Acute and Long-Term Effects of
Concurrent Resistance and Swimming Training on Swimming Performance. Sports. 2022;10(19):15.

6.  Guo W, Soh KG, Zakaria NS. Effect of Resistance Training Methods and Intensity on the Adolescent
Swimmer's Performance : A Systematic Review. Front Public Heal. 2022;10(April):1-10.

7. Wardhani R. The Effect of Muscle Strength on Freestyle Swimming Speed of Pontianak Equatorial
Star Swimming Club. Sport Pedagogue J. 2022;1:103-9.

8. Liu H, Wang J. The Effects of Incorporating Dryland Short Intervals to Long Aerobic-dominant In-
Water Swimming Training on Physiological Parameters, Hormonal Factors, and Performance: A
Randomised-Controlled Intervention Study. J Sports Sci Med. 2023;(June):329-37.

9.  Amara S, Crowley E, Sammoud S, Negra Y, Hammami R, Chortane OG, et al. What Is the Optimal
Strength Training Load to Improve Swimming Performance ? A Randomised Trial of Male Competitive
Swimmers. Int J Environ Res Public Heal. 2021;18(1170):10.

10. Amara S, Barbosa TM, Negra Y, Hammami R, Khalifa R, Chortane SG. The Effect of Concurrent
Resistance Training on Upper Body Strength, Sprint Swimming Performance and Kinematics in



48

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

K. Ashadi et al.

Competitive Adolescent Swimmers : A Randomized Controlled Trial. Int J Environ Res Public Heal.
2021;18(10261):13.

Marinho DA, Neiva HP, Branquinho L, Ferraz R. Anthropometric characterisation and muscle strength
parameters in young female swimmers at a national level : The relationship with performance in the
50m freestyle. J Hum Sport Exerc. 2020;16(December):18-9.

Salerno J, Tow S, Regan E, Bendziewicz S. Injury and Injury Prevention in the United States Para
Swimming : A Mixed-Methods Approach. Int J Sports Phys Ther. 2022;17(2):293-306.

Wirth K, Keiner M, Fuhrmann S, Nimmerichter A. Strength Training in Swimming. Int J Environ Res
Public Health. 2022;19(5369):32.

Marques MC, Yafiez-garcia JM, Marinho DA. In-Season Strength Training in Elite Junior Swimmers :
The Role of the Low-Volume, High-Velocity Training on Swimming Performance by. J] Hum Kinet.
2020;74(September):71-84.

Hermosilla F, Sanders R, Gonz F, Yustres I, Gonz M. Effects of Dryland Training Programs on
Swimming Turn Performance: A Systematic Review. Int J Environ Res Public Heal.
2021;18(9340):12.

Lopes TJ, Neiva HP, Gongalves CA, Marinho DA. The effects of dryland strength training on
competitive sprinter swimmers. J Exerc Sci Fit. 2021;19:32-9.

Subekti RD, Mulyana B, Hidayat Y, Novian G. The Effect of Dry Land Training Model on Youth
Athletes Swim- ming Performance During Covid-19 Pandemic. J Phys Educ Heal Sport. 2021;8( 1):12—
6.

Ingley ANAD, Yne DABP, Oungson JAY, Urkett BRB. Effectiveness Of A Dryland Resistance
Training Program On Strength, Power, And Swimming Performance In Paralympic Swimmers. J
Strength Cond Res. 2015;29(3):619-26.

Hastjarjo TD. Experimental-Quasi-Quasi-Experimental Design. Bu Psychology. 2019;27(2):187-203.
Cavaggioni L, Rossi A, Tosin M, Scurati R, Michielon G, Alberti G, et al. Changes in Upper-Body
Muscular Strength and Power in Paralympic Swimmers : Effects of Training Confinement during the
COVID-19 Pandemic. Int J Environ Res Pubic Heal. 2022;19(5382):1-10.

Baumgart JK, Tonnessen E, Eklund M, Sandbakk @. Training Distribution During a Paralympic Cycle
For A Multiple Swimming Champion With Paraplegia: A Case Report. Int J Sport Physiol Perform.
2021;16(12):10.

Sadowski J, Mastalerz A, Gromisz W. Transfer of Dryland Resistance Training Modalities to
Swimming Performance. J Hum Kinet. 2020;74(September):195-203.

Wahyudi E. Development of Tabata training model to increase swimming speed 50-meter butterfly. J
Indonesian Educator Researcher. 2022;8( 4):1191-202.

Ji M, Yoon J, Song K, Oh J. Effect of Dryland Core Training on Physical Fitness and Swimming
Performance in Adolescent Elite Swimmers. Iran J Public Heal. 2021;50(3):540-9.

Giil, M., Eskiyecek, C. G., Giil, G., & Karabulut P. The effect on in water and land thera-band studies
on swimming performance. J Sport Educ. 2019;6(S12):420-31.

Selguk, H., & Karacan S. The effects of 12-weeks thera-band training on swimming performance at 11-
13 age group swimmers. ] Hum Sci. 2017;14(4):4958-68.

Jone J V, Pyne DB, Haff GG, Newton RU. Comparison Between Elite and Subelite Swimmers on Dry
Land and Tumble Turn Leg Extensor Force-Time Characteristics. J Strength Cond Res.
2018;32(6):1762-9.

Morais JE, Barbosa TM, Bragada JA, Nevill AM, Marinho DA. Race Analysis and Determination of
Stroke Frequency — Stroke Length Combinations during the 50-M Freestyle Event. J Sport Sci Med.



29.

30.

31

32.

33.

34.

Dryland Strength And Swimming Training For Performance 49

2023;(February):156-65.

Hellard P, Avalos-fernandes M, Lefort G, Pla R. Elite Swimmers ’ Training Patterns in the 25 Weeks
Prior to Their Season ’ s Best Performances : Insights Into Periodization From a 20-Years Cohort. Front
Physiol. 2019;10(April):1-16.

Cavaggioni, L.; Trecroci, A.; Formenti, D.; Hogarth, L.; Tosin, M.; Alberti G. Seasonal Changes in
Breathing Pattern, Trunk Stabilization, and Muscular Power in Paralympic Swimmers. Adapt Phys Act
Q. 2021;38:215-231.

Cavaggioni L, Athos Trecroci A, Tosin M, laia M, Alberti G. Individualized dry-land intervention
program for an elite Paralympic swimmer. J Sport Med Physio Fit. 2019;59(1):82—6.

Feitosa WG, Correia RDA, Barbosa TM, Flavio A. Performance of disabled swimmers in protocols or
tests and competitions: a systematic review and meta-analysis. Sport Biomech [Internet].
2019;00(00):1-23. Available from: https://doi.org/10.1080/14763141.2019.1654535

Born DP, Sticker I, Romann M, Stoggl T. Competition age : does it matter for swimmers ? BMC Res
Notes [Internet]. 2022;15(82):1-7. Available from: https://doi.org/10.1186/s13104-022-05969-6
Ericsson KA HK. Deliberate practice and proposed limits on the effects of practice on the acquisition
of expert performance: why the original definition matters and recommendations for future research.
Front Psychol. 2019;10.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


https://doi.org/10.1186/s13104-022-05969-6
http://creativecommons.org/licenses/by-nc/4.0/

	Dryland Strength And Swimming Training For Performance: A Study In Elite And Sub-Elite Para Swimmer



