
major securing the position of the shoulder blade for 
the movement of the upper limb, m. latissimus dorsi 
used to maintain the position of the upper limb and 
the position of the body, m. serratus anterior and m. 
subscapularis working constantly during the swim and 
m. infraspinatus that is providing the function of the 
external rotator of the upper limb during relaxation. 
The lower limbs muscles that accompany the upper 
limbs while swimming crawl are as follows mm. glutei, 
m. quadriceps femoris, ischiocrural muscles and m. 
triceps surae (Maglischo, 2003; Martens, Figuiredo, & 
Daly, 2015). 

The repetition of movement cycles during long 
and demanding swimming training, which the swim-
mers are undergoing for several years, are becoming 
a major etiological factor for the emergence of the 
so-called “swimming shoulder” (Pink, Perry, Browne, 
Scovazzo, & Kerrigan, 1991). Richardson, Jobe, and 
Collins (1980) found out that shoulder pain occurs in 

Introduction

Crawl is the fastest swimming stroke and it is the most 
frequently used swimming stroke during training. The 
speed of the swimming locomotion is relatively smooth, 
with only slight fluctuations of speed during the swim-
ming cycle. Crawl requires a slightly inclined head with 
a downward-looking eyesight that keeps the hips and 
the entire body horizontal with the surface (Maglischo, 
2003; McLeod, 2010).

The basic muscles that are activated while swim-
ming crawl include m. deltoideus and m. supraspinatus, 
which are activated primarily when entering and leav-
ing the upper limb below the surface, m. rhomboideus 
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Background: Specific strength intervention can influence muscle activity during swimming performance and can 
increase pain. Objective: The aim of this study was to assess the effect of strength intervention on muscle activity and 
pain during simulated crawl in elite swimmers. Methods: Fifteen elite Czech swimmers (4 females, 11 males) within 
the age of 22.8 ± 3.4 years participated in this study. At the baseline, muscle activity and pain evaluation was per-
formed. For the shoulder joint pain assessment, the visual numeric scale (VNS) and the Swimmer’s Functional Pain 
Scale (SFPS) questionnaires were used. Participants underwent surface electromyography (SEMG) examination of 8 
evaluated muscles (trunk and upper arm) during simulated a 100 metres crawl race on swimming ergometer (VASA 
SwimErg, Essex Junction, Vermont, USA). After a 30 minutes long strength intervention, 100 metres crawl SEMG, 
VNS and SFPS were evaluated again. The smallest important change in muscle activation was set to 10%. Results: 
The effect of strength intervention on muscle activity was not significant in all muscles, however effect size evaluation 
showed small effect of intervention in biceps brachii (p = .311, d = 0.33), upper part of trapezius (p = .033, d = 0.46) 
and serratus anterior (p = .103, d = 0.22) and medium effect in lower part of trapezius (p = .053, d = 0.62). Mag-
nitude-based decision analysis showed a highly increased muscle activity in biceps brachii. Also in serratus anterior 
muscle activity increased as well. Difference in shoulder joint pain before and after intervention of the dominant 
upper limb according to the SFPS questionnaire and VNS was not statistically significant. Conclusion: A 30 minutes 
long strength intervention had a significant effect on the muscle activity of the upper part of m. trapezius. There was 
no significant effect of the intervention on pain. 
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52% of elite swimmers and 27% of non-elite swimmers. 
McMaster and Troup (1993) discovered shoulder pain 
in 47% of 10- to 18-year-old swimmers, 66% of top 
swimmers and 73% of elite swimmers. The frequency 
of pain in both studies was the highest among elite 
swimmers, which may correlate with increased train-
ing doses and training times (Heinlein & Cosgarea, 
2010). The occurrence of pain and injuries in the 
area of ​​shoulder joints is often times associated with 
athletes with poor technique of movement cycle and 
muscle fatigue. The occurrence of trigger points in the 
muscles involved in swimming locomotion is enor-
mous. Trigger points are a great source of pain (Kolář, 
2009). Pain can be a common problem for crawlers on 
the side that they are not normally taking their breath 
because they use that side as support for breathing in 
(Pink et al., 1991). It can be stated that the shoulder 
pain is caused by insufficient warm-up before each 
training, incorrect technique of swimming locomotion, 
insufficient compensation and lack of regeneration 
(Batalha et al., 2020). The most common causes of 
the development of the swimming shoulder, that are 
reported by the studies, are the long-term overload of 
work on the shoulder joint (Couanis, Breidahl, & Burn-
ham, 2015; Lintner, Noonan, & Kibler, 2008; Manske, 
Lewis, Wolf, & Smith, 2015), sexual dimorphism and 
swimming specialization (Hawley, Myburgh, Noakes, 
& Dennis, 2010; Wymore, Reeve, & Chaput, 2012), 
anatomical abnormalities of the shoulder joint (Page, 
2011; Struyf, Nijs, De Graeve, Mottram, & Meeusen, 
2011), increased muscle tension and tendinopathy of 
m. supraspinatus (Sein et al., 2010).

Top swimmers usually have several sessions through-
out the day. Usually, swimmers complete between 8–10 
swim training units per week for a total duration of 90 
to 180 minutes per training unit. To do this, they take 
3 to 6 strength units a week for a duration of 30 to 120 
minutes per training unit. For this research, the most 
commonly used type of training in the Czech Republic 
was chosen and the strength intervention took place at 
a minimum rest (up to 15 minutes) from the simulated 
race on swimming ergometer VASA (Eider, 2014).

In a study written by Morouço et al. (2011), it was 
reported that 11 of the 23 elite swimmers examined 
had transient shoulder pain during and after exercise at 
a high resistance gym. Similar results were obtained by 
Martins, Paiva, Freitas, Miguel, and Maya (2014) and 
Stirn, Jarm, Kapus, and Strojnik (2011).

Surface electromyography (SEMG) is a diagnostic 
method used primarily to evaluate the level of muscle 
activity during various movements, as well as to evalu-
ate the timing of muscles, which is of great importance 
in assessing the quality of the movements performed. 
Many studies used SEMG to clarify the problem of 

swimming technique, to find out the cause of the pain or 
help identify a new movement stereotype (Mills, 2005). 

From a physiotherapeutic point of view, variation in 
muscle activity changes the movement stereotype and 
thus can cause pain (Kolář, 2009). Muscle imbalances 
frequently exist due to the biomechanics of the swim-
ming, which predisposes swimmers to injury or pain 
(Hibberd, Oyama, Spang, Prentice, & Myers, 2012). 
Several studies have reported the impact of strength 
training on increased muscle activity in the shoulder 
girdle area among swimmers (Batalha et al., 2015; 
Gatta et al., 2015). Many studies reported, that the dif-
ferent muscle activations in strength training can also 
occur when performing the same exercise with just a 
change in the tilt angle during exercise and may increase 
shoulder pain (Lauver, Cayot, & Scheuermann, 2016; 
Trebs, Brandenburg, & Pitney, 2010). The aim of this 
study was to assess the effect of strength intervention 
on muscle activity and pain during simulated crawl in 
elite swimmers.

Methods

Sample
The research group included all national swimming 
team members of the Czech Republic, who specialized 
in crawl as their main swimming stroke. There were 
15 participants in the research including 11 males 
(age 21.7 ± 3.2 years, body weight 81.6 ± 6.7 kg, body 
height 186.9 ± 5.0 cm, training period 11.64 ± 1.6 
years) and 4 females (age 25.5 ± 2.0 years, body 
weight 60.5 ± 3.2 kg, body height 172 ± 3.7 cm, train-
ing period 13.25 ± 0.4 years). The experiment was 
approved by the Ethics Committee of Faculty of Physi-
cal Education and Sport of Charles University under 
reference number 86/2016. Each participant signed 
informed consent.

Measures
Approximately 60 minutes were set aside for each par-
ticipant and all examinations were performed within 
one day. For each selected participant who participated 
in this study, data on the incidence, onset and location 
of pain in the shoulder joint were carefully recorded 
using the visual numeric pain scale (VNS) and the 
Swimmer’s Functional Pain Scale (SFPS) question-
naire. Prior to the start of the research, it was necessary 
to submit a confirmation by a specialist that ultrasound 
examination was performed in the area of ​​the shoulder 
girdle of all participants in order to exclude structural 
damage to the examined area. The cervical spine was 
examined by a specialist using the physiotherapeutic 
method Mechanical Diagnostic and Treatment with no 



166 S. Kubová et al.

and at work, on a numerical pain scale of 0–10, with 0 
as ”no pain” and 10 as “severe pain” (Ritter, González, 
Laurent, & Lorig, 2006). The participants also chose 
one number from 0 to 10 from the SFPS questionnaire 
survey as specific evaluation of shoulder pain in rela-
tion to swimming, where 0 was “no pain during swim-
ming, either at practice and competitive event” and 10 
was “the shoulder pain lasted more than 7 consecutive 
days” (Drake et al., 2015). 

The maximum voluntary contraction was per-
formed for 5 seconds of maximum possible strength 
according to the position of the muscle test (Janda, 
2004) followed by a two-minute rest, and the entire test 
was performed three times for each muscle examined. 
The SEMG examination was then carried out on the 
swimming ergometer (VASA SwimErg, Essex Junction, 
VT, USA) and the muscle activity of the above muscles 
was detected by swimming at 70 cycles per minute for 
60 seconds without inhalation because based on the 
results of the study Vezos et al. (2007) was revealed 
that the breath performed during the swimming sprint 
significantly prolonged the total duration of the move-
ment cycle and there was a variation in the motor 
pattern, which was changed due to the rotation of the 
body during the breath. 

After the SEMG examination, the electrodes 
remained attached to the participant bodies. The 
electrodes were attached with adhesive tape to prevent 
them from peeling off. Each participant underwent a 
30-minute strength training session in the gym under 
the guidance of a fitness specialist. Following the 
strength intervention, the same SEMG examination 
was performed as before the intervention; the results 
of both examinations were compared, i.e., the muscle 
activity of all examined muscles was compared with 
the data from the initial measurement. SEMG exami-
nation was conducted under the guidance of a special-
ist (Kotalíková, Pánek, & Pavlů, 2015).

Intervention
The strength intervention lasted for 30 minutes. It was 
applied in the mode of strength endurance with the 
magnitude of the load up to 50% of maximum in the 
main strength exercises focused on large muscle groups 
in the specified medium pace and the number of repeti-
tions executed in medium tempo combined with explo-
sive strength. This was followed by a medium-speed 
circuit practice focused on the endurance strength of 
the upper limbs and torso. Complementary exercises 
used only low resistances up to 5% of the maximum. 
Strength training was preceded by 5 minutes of warm-
up. Strength training was assembled on the basis of 
literary sources, internships and several practices with 

pathological findings and with no clinical connection to 
shoulder pain. Subsequently, the participant was asked 
for the second part of the examination, which took 
place in the laboratory and gym at Faculty of Physical 
Education and Sport of Charles University in Prague. 

For the SEMG examination, telemetry 16-chan-
nel EMG TelemyoMini 16 (Noraxon, Scottsdale, AZ, 
USA) was used. The examination was performed using 
special bipolar electrodes made of Ag/AgCl material 
with a diameter of 5 mm with a set of double-sided 
adhesive labels necessary for firm adhesion of the elec-
trodes to the skin (Mills, 2005). Before applying the 
surface electrodes, it was necessary to provide means 
for cleaning the electrode sticking area by shaving the 
hair, coarse cleaning with abrasive paper, and degreas-
ing the area with cellulose squares and attaching EMG 
cables to the body with Leukopor tape. Electrode 
placement was chosen according to anatomically valid 
standards and the electrodes were placed on the domi-
nant upper limb and adjacent trunk (Figure 1).

The muscle activity of the following eight muscles 
was measured: m. deltoideus pars anterior, m. trape-
zius upper and lower parts, which are activated mainly 
when entering and leaving the upper limb above the 
surface, m. serratus anterior, m. biceps brachii capitis 
longus and m. pectoralis major operating constantly 
during the engagement phase, m. infraspinatus provid-
ing the function of the external rotator of the upper 
limb during relaxation, the m. triceps brachii medial 
part ensuring completion of the engagement phase 
below the surface. By using the surface electrodes, it 
was possible to compare the value of muscle activity to 
the maximum voluntary contraction.

Procedures
All selected participants marked any number they con-
sidered to be the current expression of the pain at rest 

Figure 1. Placement of surface electrodes.
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top swimmers and is described below (Berryman et al., 
2018; Gatta et al., 2015; Jebavý, 2012).

Endurance strength and casts
Six repeititions of pitch (40–50% of maximum) + explo-
sive medicine ball throwing into the ground 10 repeti-
tions, rest 30 seconds, 5 rounds, medium pace, aim for 
maximum speed as much as possible.

Double circuit training
Two rounds, rest 15 seconds, after two exercises rest 
30 seconds, after the first round rest 1 minute, medium 
pace:
•	 maximum repetitions of pull-ups (it was possible to 

use a rubber band for the last 1–2 repetitions),
•	 body rotation with one end of the axis in the upper 

limb and the other end on the ground: 10–6 repeti-
tions on both sides,

•	 dumbbells push-ups with pull-ins to the body: 10–8 
times with regular exchange,

•	 forward bend: 12–8 repetitions with forehead 
supported,

•	 rotation with 5 kg disc around the head: 10-8 repeti-
tions on both sides (change direction only after all 
repetitions have been completed),

•	 alternate leg raises in laying down position: 10–8 
repetitions for both legs.

After the strength intervention, SEMG measure-
ment followed without stretching in the time interval 
of 10 minutes (after the walk to the laboratory).

Data processing
The evaluation and analysis of the obtained data were 
analysed using the program MyoResearch (Version 3.14 
XP Master Edition; Noraxon, Scottsdale, AZ, USA) 
with simultaneous video recording. When evaluating the 
SEMG signal it was necessary to remove movement and 
electrocardiogram artifacts, the signal was rectified and 
smoothed in the MyoResearch program (Kotalíková et 
al., 2015). When processing SEMG records of swim-
ming locomotion, 10 movement cycles (10 right and 10 
left of the upper limb) were selected, so as not to change 
the movement pattern, even if the electrodes were 
placed only on the dominant upper limb. The average 
amplitude was expressed in the relation to the percent-
age of maximum voluntary contraction of the examined 
muscle. For statistical data processing, basic descriptive 
statistics were first performed, where the averages of 
muscle activation values ​​for each measured movement 
and their standard deviation were calculated. 

Shapiro-Wilk test that is usually applied to small 
samples confirmed normal data distribution of mus-
cle activity amplitudes. Muscle activity before and 

after intervention was compared by paired t-test. A 
p value < .05 was considered significant. Effect size 
was evaluated using Cohen’s d. According to Cohen 
(1992), the effect is described as small 0.2, medium 
0.5 and large 0.8. 

Magnitude-based decision was used to evaluate 
the clinical significance of intervetion. It helps to 
understand the relation of confidence intervals and 
the smallest significant effect (beneficial, trivial, or 
harmful) (Hooren, 2018; Hopkins, 2019). The small-
est significant effect in muscle activation was set at 10% 
(Kolář, 2009).

VNS was used to assess pain, which is one of the 
most commonly used pain measurement method 
(Kolář, 2009; Ritter, González, Laurent, & Lorig, 
2006). SFPS focuses on pain in swimming functional 
activities. For the purposes of this research, a transla-
tion into the Czech language of the standardized SFPS 
questionnaire was prepared (Drake et al., 2015; Pink 
et al., 1991). Differences in VNS and SFPS before 
and after intervention were evaluated by the Wilcoxon 
signed-rank test (Marino, 2018). 

Results

Strength intervention in the total duration of 30 min-
utes had no effect on the change in muscle activity in 
muscles of the m. pectoralis major, m. triceps brachii, 
m. infraspinatus and m. deltoideus anterior in the high-
intensity swimming of elite swimmers. In m. biceps 
brachii, the upper part of m. trapezius and m. serratus 
anterior, operating constantly during the engagement 
phase, the effect size was found small 0.33 (p = .311), 
0.46 (p = .033), respectively 0.22 (p = .103) after a 
30-minute strength intervention for top swimmers. The 
highest increase in muscle activity after a thirty-minute 
strength intervention was found in the lower part of 
the m. trapezius. The effect of the intervention in this 
muscle was medium 0.62 (p = .053). Results are avail-
able in Table 1.

Statistical analysis of the results according to Hop-
kins (2019), magnitude-based decision, has shown a 
high increased muscle activity in m. biceps brachii 
after the intervention program. Also in m. serratus 
anterior and m. pectoralis major the muscle activity 
increased. In the muscles of the trapezius upper and 
lower part and triceps brachii, magnitude-based deci-
sion has shown unclear effect. In the m. deltoideus 
and m. infraspinatus muscle activity after intervention 
decreased, the chance that the effect is beneficial was 
82% and 88% respectively. Results of magnitude-based 
decision are presented in Table 2.
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The results of the VNS pain assessment correspond 
to the results of the SFPS questionnaire (Table 3). 
There was no significant difference in VNS and SFPS 
before and after intervention (p = .510, respectively 
p = .534).

Discussion 

The aim of the research was to analyse the effect of 
strength intervention on muscle activity and pain of 
selected muscle groups while swimming crawl by top 
swimmers in the Czech Republic. For this purpose, 
all national team members of the Czech Republic in 
swimming, who specialize in crawl with the age of 
22.8 ± 3.4 years, regardless of sex, were included in 
the experiment. 

Increase of muscle activity in the experiment in 
top swimmers occurred after strength intervention in 
total duration of 30 minutes in the upper part of m. tra-
pezius with a small effect size of d = 0.46 (p = .033), 
m. biceps brachii d = 0.33 (p = .311) and m. serratus 

anterior d = 0.22 (p = .103). The only significant dif-
ference was found in the upper part of the m. trapezius 
which is activated when entering and leaving the upper 
limb above the surface during swimming locomotion. 
From a biomechanical point of view, it is activated 
primarily with elevation of upper limbs and tends to 
shorten (Maglischo, 2003). During strength training, 
unless the goal of the upper part of m. trapezius is to 
strengthen, it strengthens as an undesirable phenom-
enon and a false stereotype of lifting weights (Jebavý, 
2012). M. biceps brachii was activated the most during 
the transitional and pulling phases of crawl locomotion 
(McLeod, 2010). Excessive strain on the insertion of 
the m. biceps brachii can result in pain in the shoulder 
area with frequent projection in the shoulder blade 
area (Wanivenhaus, Fox, Chaudhury, & Rodeo, 2012). 
M. serratus anterior is working constantly during the 
swim, therefore its activity is necessary. So increased 
muscle activity in m. serratus anterior shows the proper 
performance of the swimming technique (Maglischo, 
2003; McLeod, 2010; Scovazzo, Browne, Pink, Jobe, 
& Kerrigan, 1991). 

Table 1	  
Comparison of muscle activity during 100 m crawl on the ergometer before and after strength intervention

Muscle

Muscle activity (%MVC)

Cohen’s d pBefore After

Pectoralis major 39.5 ± 27.12 39.6 ± 30.91 0.00 .990

Deltoideus anterior 11.3 ± 11.02 10.2 ± 6.39 –0.13 .594

Biceps brachii 7.7 ± 3.55 10.4 ± 10.96 0.33 .311

Triceps brachii 48.4 ± 19.66 51.0 ± 21.30 0.13 .237

Upper part of trapezius 4.9 ± 6.22 18.4 ± 8.56 0.46 .033

Infraspinatus 17.7 ± 8.50 16.6 ± 5.90 –0.15 .532

Lower part of trapezius 28.7 ± 7.24 34.3 ± 9.70 0.62 .053

Serratus anterior 14.6 ± 8.73 16.8 ± 11.06 0.22 .103

Note. MVC = maximum voluntary contraction.

Table 2	  
Magnitude-based decision – the effect of intervention

Muscle

Chance (in %) that true effect is

Clinical decisionBeneficial Trivial Harmful

Pectoralis major 79 4 17 Unclear – more data required

Deltoideus anterior 3 14 82 Likely <

Biceps brachii 99 1 0 Very likely >

Triceps brachii 35 6 59 Unclear – more data required

Upper part of trapezius 49 44 7 Unclear – more data required

Infraspinatus 2 10 88 Likely <

Lower part of trapezius 14 17 69 Unclear – more data required

Serratus anterior 70 25 5 Possibly >
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After the strength intervention, the muscle activity 
of the lower part of the m. trapezius increased with a 
medium effect size of d = 0.62 (p = .053). However, 
this result is desirable. The lower part of the m. trape-
zius activates during crawl at the entry and exit of the 
upper limb above the surface serves as a stabilizer of 
the shoulder blade and reduces the risk of the so-called 
swimming shoulder (Fig, 2010; Maglischo, 2003; 
McLeod, 2010).

In a study by McLaine, Bird, Ginn, Hartley, and 
Fell (2019) shoulder extension strength, a functional 
test for swimmers, was associated with and predictive 
of the development of shoulder pain in male swimmers. 
Low shoulder extension strength may be a risk factor 
for the development of shoulder pain in swimmers, 
proposing a direction for injury prevention and future 
investigation. In the study Morouco et al. (2011) it was 
reported that 11 of the 23 elite swimmers examined 
had transient shoulder pain during and after exercise at 
a high resistance gym due to increased muscle activity 
mainly in the upper part of m. trapezius. Similar results 
were obtained by the authors of the studies Martins et 
al. (2014) and Stirn et al. (2011). 

The difference in the degree of pain was not statisti-
cally significant after the strength intervention. 

But the question is, why muscle activity was not 
significantly increased. There are many factors that 

may have influenced the insignificant results of the 
research. The study may have been affected by the 
higher average age of women, although the train-
ing period was similar to men. With higher age, the 
muscle structure changes, especially the size of type 
II muscle fibres is reduced (Porter, Vandervoort, & 
Lexell, 1995). Long-term competitive swim training is 
associated with declining measures of shoulder girdle 
muscles properties and self-reported measures of pain 
and function (Dischler, Baumer, Finkelstein, Siegal, & 
Bey, 2018). 

Another factor could be the standard strength train-
ing for swimmers was not set up properly or was incor-
rectly applied immediately before the start of the swim-
ming test. The time interval between the dry-land and 
the swimming unit is very important. It is also likely 
that with a longer interval, the pain in the shoulders 
would be lower because there would be a time for lon-
ger regeneration after the strength intervention (Hib-
berd et al., 2012).

Several studies describe the effect of dry-land prac-
tise on increased shoulder pain, which is completed 
with a minimum time interval from the swimming 
training. At the same time, it is very important to 
mention what type of dryland unit is being performed. 
Whether it is a strength training, maximum strength, 
endurance training, bodyweight training. Because each 
unit has a different effect on muscle activity relating 
to shoulder pain. In the experiment, we used strength 
training (Berryman et al., 2018; Gatta et al., 2015; Gir-
old et al., 2012).

There are very few scientific studies that look at 
the effect of strength training on shoulder pain among 
swimmers. Several studies have reported the impact of 
strength training on increased muscle activity in the 
shoulder girdle area after the strength intervention, but 
in both studies, it was a longer-term experiment with 
more participants (Batalha et al., 2015; Gatta et al., 
2015). Different muscle activations in strength train-
ing can also occur when performing the same exercise 
with just a change in the tilt angle and may increase 
shoulder pain (Lauver et al., 2016; Trebs et al., 2010). 
Therefore, it is very important to perform strength 
exercises with a perfect technique (Jebavý, 2012). In 
the experiment, all strength exercises were performed 
under the guidance of a specialist.

Another factor could have been the current level 
of the swimming performnce. Although certain defini-
tions of training that should have taken place prior to 
the research were established, extracurricular activities 
were not taken into account in the research. The cur-
rent degree of fatigue of individual participants may 
have been different. It could have been another com-
mitment to doing this research (Eider, 2014).

Table 3	  
Comparison of pain level before and after strength 
intervention

Participant

VNS SFPS

Before After Before After

1 4 6 4 8

2 3 3 3 3

3 2 3 2 3

4 7 7 7 7

5 7 7 7 7

6 7 7 7 7

7 0 3 0 2

8 4 4 4 4

9 2 2 2 2

10 4 5 5 6

11 0 0 0 0

12 7 7 7 7

13 0 0 0 0

14 1 2 1 2

15 1 5 1 7

Median 3 4 3 4

Note. VNS = Visual numeric scale; SFPS = Swimmer’s Func-
tional Pain Scale.
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Conclusions

The results of the experiment have shown a significant 
difference in the muscle activity of the upper part of 
m. trapezius and a difference on the verge of the sig-
nificance of the lower part of m. trapezius. After the 
intervention, there was no significant difference in the 
shoulder pain.
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