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ABSTRACT

Purpose. The aim of our study was to evaluate shoulder joint flexibility, shoulder muscle peak isometric force, and sub-
maximal force differentiation ability after warm-up exercises, as well as to compare the peak isometric force and submaximal
force differentiation ability before and after a 4.5-km free-style swimming trial in swimmers and triathletes.

Methods. Overall, 15 qualified young male swimmers, 15 triathletes, and 14 controls participated. Their shoulder active range
of motion (ROM) in internal rotation (IR), external rotation, flexion, extension, abduction were measured. The peak force
and the ability to reproduce the submaximal forces of IR and extension muscles were compared before and after 4.5-km
free-style swimming in aerobic regimen.

Results. Swimmers and triathletes presented larger ROM in flexion and abduction in both arms, and in IR in the non-dominant
shoulder than controls. IR and extension muscle isometric peak forces were higher in swimmers and triathletes compared
with controls. Strength side asymmetry was not observed in any group. Only triathletes’ IR force was higher in the dominant
than in the non-dominant shoulder. The submaximal force reproduction error did not differ among the groups. The peak
forces and submaximal force reproduction errors did not change after the 4.5-km swim but caused IR and extension muscles
peak force side asymmetry, with stronger muscles in the dominant shoulder.

Conclusions. Free-style swimming at 4.5 km in aerobic regimen induced shoulder IR and extension muscle peak force
side asymmetry without any decrease of their absolute values or significant worsening in the submaximal force reproduction
erTor.
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Introduction

The shoulders and upper extremities represented
nearly 90% of the propulsive power for all main swim-
ming strokes [1]. Shoulder adduction, internal rotation
(IR), and extension movements were relevant and
highly reproduced in the swimming technique dur-
ing the propulsive phases of different strokes [2, 3].
Adult (23.1 £ 3.5 years old) elite swimmers had higher
maximal isometric strength of the shoulder flexion,
extension, abduction, and adduction muscles, and larger
lean mass of both arms measured by using dual-en-
ergy X-ray absorptiometry in comparison with recrea-
tional adult swimmers aged 20.8 + 2.1 years [4]. The
absolute and relative shoulder IR isometric strength

increased in 14-18-year-old elite male swimmers dur-
ing a 3-year period of training [5]. Shoulder extension
torque and velocity while swimming the crawl stroke
for 25 m were correlated with shoulder extension mus-
cle strength [6]. All these investigations proved that
the training process induced an increase in strength
of the main muscles involved in the swimming tech-
nique (adduction, IR, and extension muscles).

A large range of motion (ROM) in the glenohumeral
joint gave advantage by allowing a swimmer to achieve
a body position that reduced drag, and thus a greater
stroke length, correlated directly with speed [7]. Unfor-
tunately, a high flexibility of this joint was the reason
for shoulder laxity with increased translation of the
humeral head; generalized laxity could be present in
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up to 62% of competitive swimmers, but a moderate
degree of multidirectional instability could be observed
in the majority of athletes [8]. A high prevalence of
shoulder rotator cuff and biceps muscle tendinopathy
was reported in Olympic level swimmers by ultrasonog-
raphy. It was more common in athletes with a positive
sulcus sign, which suggests a role of shoulder laxity in
the development of this pathology [9]. The main struc-
ture providing the shoulder joint stability during move-
ments consists of the rotator cuff muscles [8]. Therefore,
muscle forces are critical for maintaining stability,
proper motion, and painless function.

The absolute and relative shoulder IR isometric
strength increased simultaneously with external rota-
tion (ER) strength decrease during a 3-year period of
regular training in 14-18-year-old male elite swim-
mers [5], which caused non-balanced action of the
shoulder girdle muscles.

Shoulder peak torques and total work detected by
isokinetic shoulder rotation strength measurement
were significantly higher in competitive adolescent
swimmers than in controls at the movement velocities
of 60°/s and 180°/s [10]. Front crawl swimmers had
lower dominant shoulder ER/IR peak torques ratio
(0.52) than sedentary subjects (0.75) at the velocity of
60°/s [11], which confirmed previous results [10].
Shoulder IR peak torque increase during a training
season in adolescent swimmers was determined [12].

Even though swimming is a symmetrical sport, in-
tensive front crawl swimming involves asymmetry, with
astronger dominant shoulder (the peak torque equalled
61.2 = 10.2 N - m for the dominant and 52.8 = 9.8
N - m for the non-dominant shoulder) [11]. Asymmetries
in the shoulder roll that reflected breathing preference
were observed, and although the athletes swam with-
out breathing, they persistently rolled more to the side
at which they preferred to breathe [13]. Swimmers
might apply larger propulsive forces when pulling with
the dominant arm [14]. The catch and pull phases of
the front crawl stroke were longer for the dominant
than for the non-dominant arm [15]. The discrepancy
was greater among sprinters than in middle- or long-
distance swimmers as the former seek to apply larger
forces with each stroke [15]. The underwater swim-
ming stroke phases of the right arm were longer in
competitive male swimmers, probably because they
were right-handed [16].

Swimmers at the elite level swam up to 4 hours per
day, performing approximately 1.5 million stroke cycles
per arm per year, and the average competitive swimmer
swam approximately 60,000-80,000 m per week [1].
These repetitive and high-intensity movements might

result in shoulder muscle fatigue, leading to a wors-
ening of the swimming technique, proprioceptive sense
acuity, and swimming performance. The short-term
deteriorating effect of fatigue on adult competitive male
swimmers’ coordination and performance caused by
swimming a 200-m maximum in front crawl in
a 25-m swimming pool and evaluated by video analysis
was confirmed: after this trial, the swimming speed
decreased by 13.8%, stroke frequency by 5.1%, stroke
length by 6.9%, and angular velocity of the arm by
13.3% (the load was anaerobic because blood lactate
concentration after this swim trial was high: 11.12 +
1.65 mmol/1) [16]. A typical swimming session last-
ing 2 hours caused significant shoulder ER ROM de-
crease by 3.4° without significant changes in the IR
range, joint position sense error increase by 2.0°, and
pectoralis minor muscle length reduction by 0.7 cm
in male and female elite swimmers [17]. The precision
of the shoulder ER position sense worsened in swim-
mers owing to fatigue after swimming an 8 x 100 m
distance with 2-minute resting intervals [18]. Shoulder
IR and ER force reproduction tests were found to be
highly reliable, with interclass correlation coefficients
0f 0.849 in patients with rotator cuff tendinopathy and
0.909 in healthy subjects; the errors of ER were signifi-
cantly larger than those of IR, and relative IR and ER
force reproduction errors were similar in both groups
of participants [19]. Prolonged swimming might de-
teriorate shoulder muscle exerted contraction force
differentiation. This might worsen the accurate repli-
cation of swimming movement patterns, crucial to
performance and injury prevention because a proper
swimming technique significantly reduces the energy
expenditure and prevents fast fatigue development in
the shoulder muscles. We did not find scientific reports
on force reproduction error measured in the shoulders
of athletes trained in sports with overhead arm motions.

The aim of our study was to evaluate shoulder joint
flexibility, shoulder muscle peak isometric force, and
submaximal force differentiation ability after warm-
up exercises, as well as to compare the peak isometric
force and submaximal force differentiation ability be-
fore and after a 4.5-km free-style swimming trial in
swimmers and triathletes.

We hypothesized that swimming athletes would
exhibit larger shoulder ROM in IR-ER, flexion-exten-
sion, and abduction, as well as higher peak isometric
force and smaller force reproduction error of IR and
extension muscles in comparison with the controls;
moreover, swimming 4.5 km in free style in aerobic
regimen could diminish the peak isometric force and
worsen the submaximal force differentiation ability.
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Material and methods

A total of 15 qualified male swimmers, 15 triath-
letes (swimming, cycling, and running), and 14 par-
ticipants in the control group (trained in football,
running, or folk dancing, i.e. sports without overhead
movements of arms) participated in the study.

The criteria for inclusion were as follows: all swim-
mers and triathletes trained at least 5 times per week
and competed regularly at the national level and in
international championships, their training experience
in swimming ranged 7-12 years (the mean training
experience equalled 9.6 + 2.2 years in swimmers and
10.1 = 1.3 years in triathletes), the mean duration of
training sessions of swimming was 10.4 = 1.5 hours
per week in swimmers and 8.8 = 0.7 hours per week
in triathletes.

The exclusion criteria involved previous surgery or
injury of a shoulder joint, or shoulder joint painful-
ness during the investigation.

The triathletes were significantly older in compari-
son with the other 2 groups of participants (Table 1).
They all were former swimmers trained in the same
swimming school as the qualified swimmers.

The measurements were performed in a transitional
phase of the training cycle, 2-3 days after a national
level competition.

The athletes’ height was assessed by using an Ultra-
sound Height Measuring Unit MZ10020 (ADE, Ham-
burg, Germany). Body mass was evaluated in partici-
pants wearing briefs, with a Body Composition Analyser
BC-418 (Tanita Corporation, Tokyo, Japan). The arm
length was measured with a tape from the acromion
process to the end of the middle finger of the hand. The
mean anthropometric characteristics did not differ sig-
nificantly among the 3 groups of participants (Table 1).

Before the shoulder flexibility and strength meas-
urements, the participants performed general warm-up
exercises, local warm-up, and active stretching for
shoulders and arms for 15 minutes.

The active shoulder ROM was tested in IR-ER,
flexion-extension, and abduction by using Polaroid

photography, which had demonstrated better inter-
observer reliability than goniometric ROM testing,
especially in less experienced observers [20]. Markers
were placed on the anatomical landmarks: postero-
lateral acromion process, lateral epicondyle and olecra-
non process of the humeral bone, ulnar styloid process.
The participants were placed in a standard position.
They were asked to perform certain active motions as
far as possible [21]. A Polaroid photograph was taken
of the movement at the end of ROM. The camera was
centred in the axis of rotation of the shoulder joint,
which was detected, and the movement was performed
in the plane of the camera to minimize the parallax
error. Lines were drawn on each photograph to connect
the markers placed on the anatomical landmarks. Then,
the angles formed by these lines were measured by
using a protractor with 1° increments. One bilateral
measurement of each of the following active motions
was recorded on a photograph.

Shoulder IR-ER ranges were measured with the par-
ticipants in supine position with the shoulder abducted
to 90°, elbow flexed to 90°, and forearm in neutral pro-
nation/supination position. The ER-IR angles were
measured between the line formed by the olecranon
process and ulnar styloid process and the vertical line
which goes through the olecranon process perpendic-
ularly to the horizontal plane in maximal active ER and
IR positions of ROM. Assistance was given to keep
the shoulder on the table during the IR motion, pre-
venting compensatory use of the shoulder protractor
muscles.

Active shoulder flexion was tested with the partici-
pants in supine position, with the palm of the hand
facing upward and the elbow extended, with the arm
over the side of the table. Active shoulder extension
was investigated in supine position, with the palm of
the hand facing downward and the elbow extended,
with the arm over the side of the table. The shoulder
flexion-extension angles were measured between the
line formed by the acromion process, lateral epicondyle
of the humeral bone, and ulnar styloid process and the
horizontal line.

Table 1. Comparison of the mean anthropometric characteristics (= SD) in qualified swimmers, triathletes,
and control group participants

Participants Mean age Mean height Mean body mass  Mean body mass  Mean arm length
P (years) (cm) (kg) index (kg/m?) (cm)

Swimmers 169 1.0 181.6 = 4.7 74.3 = 8.6 225+23 80.9 = 3.7

Triathletes 20.1* £ 0.74 183.1 + 4.7 764 = 8.8 228 2.0 82.1 =3.7

Control group 176 + 1.1 179.1 £ 6.1 73.6 £10.2 229+ 24 799 = 3.1

*p <0.0001
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Active shoulder abduction was assessed with the
participants standing in a vertical position, with the
elbow extended and the palm facing to the front. The
end point was determined by the participant’s maxi-
mal active range, precluding observable substitution.
The shoulder abduction angles were measured between
the line formed by the acromion process, lateral epicon-
dyle of the humeral bone and ulnar styloid process and
the vertical line which went through the acromion pro-
cess perpendicularly to the horizontal plane.

The peak isometric shoulder muscle force was de-
termined by using a hand-held dynamometer (Micro-
FET2 Wireless; Hoggan Health Industries, West Jordan,
USA) in newtons (N), with methods elaborated by Awa-
tani et al. [22-24]. The strength measurements were
performed in a prone position of the participants. The
arm muscle extension force was evaluated with the
shoulder positioned in maximum abduction, elbow ex-
tended, and forearm in a neutral position. The shoulder
muscle IR force was assessed with the shoulder posi-
tioned in 90° of abduction and 90° of ER, elbow in 90°
of flexion, and forearm in a neutral position. Each par-
ticipant performed 3 repetitions of the peak shoulder
extension and IR force production, pushing the dyna-
mometer against the floor with as much force as pos-
sible continuously for 2 seconds with each arm; a timed
rest break of 60 seconds was given between the force
measurement trials. The best repetition (highest force)
of shoulder extension and IR muscle developed force
measurement in each shoulder was considered. The
order of the isometric force testing in the dominant
and non-dominant shoulder was randomized.

Each participant performed 3 pairs of submaxi-
mal force exertion trials. They had to reproduce the
same force (the same effort of the muscles) in approxi-
mately 50% of the maximal voluntary contraction con-
tinuously for 2 seconds twice, with a 30-second rest
break between the 2 measurements in each trial.
A timed rest break between the 3 different trials was
60 seconds. The mean force repetition error of the
3 measurement trials was calculated.

Then, the swimmers and triathletes swam a distance
of 4.5 km in free style in aerobic regimen. The load in-
tensity was determined by heart rate established after
swimming of each 500 m in the 25-m long swimming
pool. The heart rate of the participants varied between
138 and 164 beats per minute.

The peak isometric force and submaximal force re-
production error measurements were repeated imme-
diately after this trial of swimming.

The data on height, body mass, and arm length were
normally distributed in the 3 groups of participants;

shoulder active ROM, maximal shoulder muscle force,
and error of the submaximal force repetitions were also
normally distributed in both arms. The data distribu-
tion was established from the values of the skewness
and kurtosis, and skewness and kurtosis t-test analysis.
The mean values and standard deviations were calcu-
lated for all characteristics. A t-test for paired sam-
ples was employed to determine differences between
the mean characteristics of the dominant and non-dom-
inant arms and in the same arms before and after the
swimming trial. To compare swimmers, athletes trained
in triathlon, and control group participants, a t-test for
unequal samples was used. The differences were con-
sidered significant at p < 0.05. Microsoft Excel 2010
was applied to perform all statistical procedures.

Ethical approval

The research related to human use has complied
with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Ethics
Committee of the Latvian Academy of Sport Education
(Meeting Protocol No. 7, decision No. 17/47813 of Feb-
ruary 28, 2019).

Informed consent

Informed consent has been obtained from all indi-
viduals included in this study or from their legal guard-
ians.

Results

No significant side asymmetry was observed in
shoulder ROM between the dominant and non-dom-
inant arm in the shoulder ER-IR, flexion-extension,
or abduction among the swimmers, triathletes, and con-
trols (p > 0.450) (Table 2). The difference between the
shoulder ROMs in swimmers and athletes trained in
triathlon for ER-IR, flexion-extension, and abduction
was not significant in the dominant or non-dominant
arm (p > 0.530). Our swimmers and triathletes had
significantly larger shoulder ROM in comparison with
the controls in both arms in flexion and abduction
(p < 0.0001). The swimmers and triathletes had sig-
nificantly larger shoulder IR ROM than the controls
in the non-dominant arm (p < 0.03).

Shoulder IR and extension muscle peak force did not
differ significantly in the dominant and non-domi-
nant arm among swimmers and participants from the
control group (p > 0.095). A statistically significant IR
muscle peak force side asymmetry was determined
only in triathletes: IR muscles of the dominant arm
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Table 2. Comparison of the mean range of motion (= SD) in qualified swimmers, triathletes, and controls

Participants, arm External rotation Internal rotation Flexion Extension Abduction
Swimmers, D 97 + 10° 82 +12° 194** + 12° 63 + 9° 195** + 5°
Controls, D 88 + 12° 79 + 15° 166 + 8° 62 + 12° 170 + 4°
Swimmers, N 95 + 11° 84* + 11° 195** + 12° 64 + 8° 195** + 6°
Controls, N 87 +13° 71 +17° 165 + 7° 63 £ 12° 170 + 6°
Triathletes, D 96 = 10° 83 + 11° 193** + 12° 64 = 7° 194** + 5°
Controls, D 88 + 12° 79 + 15° 166 + 8° 62 + 12° 170 + 4°
Triathletes, N 95 + 10° 85* £ 11° 195** + 11° 65 + 8° 195** + 6°
Controls, N 87 +13° 71 £ 17° 165 + 7° 63 £ 12° 170 + 6°

D - dominant arm, N — non-dominant arm

* p <0.05, ** p <0.0001
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Figure 1. Comparison of the mean peak force of shoulder muscles in the dominant and non-dominant arm of swimmers,

triathletes, and control group participants
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Figure 2. The mean shoulder internal rotation and extension muscle submaximal force repetition error in the dominant
and non-dominant arm of swimmers, triathletes, and control group participants
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Table 3. Comparison of the shoulder muscle mean peak force (N; + SD) in swimmers and triathletes
before and after swimming 4.5 km in free style in aerobic regimen

Group of muscles

Participants

Shoulder internal rotation muscles

Shoulder extension muscles

Dominant arm

Non-dominant arm

Dominant arm Non-dominant arm

Swimmers, after warm-up 165 + 40
Swimmers, after swimming 180 = 49
Triathletes, after warm-up 171 + 42
Triathletes, after swimming 188 = 53

159 + 35 149 + 39 148 + 38
167* + 40 161 + 41 144** + 38
162* + 34 158 + 47 153 + 40
173* + 40 169 + 46 153*** + 44

* p <0.05, ** p < 0.001, ** p < 0.0001

exerted significantly larger peak force than IR muscles
of the non-dominant arm (p = 0.0336) (Figure 1). The
mean peak force values of the shoulder IR and exten-
sion muscles did not differ significantly in swimmers
and triathletes (p > 0.574), but were significantly
higher in both these groups in comparison with the
controls (p < 0.02).

The shoulder IR and extension muscle mean sub-
maximal force reproduction error did not differ signifi-
cantly in the dominant and non-dominant arm among
swimmers, triathletes, and controls (p > 0.079). The
mean shoulder muscle submaximal force reproduc-
tion errors of shoulder IR and extension muscles did
not differ significantly among swimmers, triathletes,
and controls (p > 0.057), with one exception: the mean
force repetition error of dominant shoulder extension
muscles was significantly higher in swimmers than in
the controls (p = 0.045) (Figure 2).

The mean peak isometric force of shoulder IR and
extension muscles did not change significantly after
swimming the 4.5-km distance in free style in aerobic
regimen among swimmers and triathletes (Table 3).
The differences between the same muscle peak forces
in swimmers and triathletes were not statistically sig-
nificant (p > 0.580).

Despite non-significant changes of the peak iso-
metric forces of shoulder IR and extension muscles in
the dominant and non-dominant arm of swimmers
and triathletes before and after the swimming trial,
a significant muscle peak force side asymmetry was
observed in both groups of muscles in the 2 groups of
athletes after swimming the 4.5-km distance in free
style in aerobic regimen (Table 3).

The mean submaximal force reproduction error of
shoulder IR and extension muscles did not change sig-
nificantly after the swimming trial in swimmers and
triathletes. The submaximal force reproduction error
varied from 8.1 = 4.1 N to 11.6 + 5.5 N after warm-
up exercises and from 8.2 = 5.5 N to 15.7 + 10.6 N

after swimming the 4.5-km distance in free style in
aerobic regimen. The differences between the same
muscle submaximal force differentiation ability in
swimmers and triathletes were not statistically sig-
nificant (p > 0.230).

Discussion

Our swimmers and athletes trained in triathlon
presented larger ROM in flexion and abduction in
both arms, but IR ROM was larger only in the non-
dominant shoulder in comparison with the controls.
The mean shoulder IR and extension muscle isometric
peak forces were higher in both groups of the swimming
athletes than in the controls; strength side asymmetries
of these muscles were not observed in any of the 3 groups
of participants. IR peak force was higher in the dom-
inant than in the non-dominant shoulder only in the
triathletes. The mean submaximal force reproduction
error did not differ among participants from the 3 groups.

Shoulder IR and extension muscle peak forces did
not change significantly after swimming the 4.5-km
distance in free style in aerobic regimen, but signifi-
cant IR and extension muscle peak force side asym-
metry appeared with stronger muscles in the dominant
shoulder than in the non-dominant one. Muscle sub-
maximal force reproduction error did not significantly
increase after the swimming trial.

Our hypothesis was partly confirmed. The swim-
ming athletes had larger shoulder ROM in flexion
and abduction in both arms, as well as in IR in the
non-dominant arm, but not in ER or extension. Their
isometric peak forces of shoulder IR and extension
muscles were significantly higher, but the force re-
production errors were not smaller in comparison with
the controls. Swimming the 4.5-km distance in free
style in aerobic regimen did not deteriorate the peak
forces or force differentiation ability in the swimming
athletes.

135

Human Movement, Vol. 23, No 3, 2022



HUMAN MOVEMENT

L. Irmane, I. Pontaga, I. Upitis, J. Solovjova, Swimmers’ shoulder side asymmetry

The demanding training programs (including swim-
ming, strength, and dry-land conditioning) predis-
posed the swimmers’ shoulders to adaptive changes,
including decreased IR and horizontal adduction ROM,
and excessive ER in comparison with non-athletes
[8, 25]. Our present results demonstrate that shoulder
ER ROM did not differ significantly in both groups of
the swimming athletes and participants from the con-
trol group. Harrington et al. [26] did not detect any
relationships between the characteristics of the shoulder
ROM and pain appearance in swimmers’ shoulders.
Walker et al. [27] determined that decreased (< 93°)
and increased (> 100°) active shoulder ER ROM was
an important risk factor for pain development in the
shoulder joint; they did not report any correlations
between the active shoulder IR ROM and the risk of
pain appearance in swimmers. Our athletes exhibited
the optimal shoulder ER ROM (95-97°) in accordance
with the observation by Walker et al. [27]. Tate et al. [28]
observed a correlation between a decreased shoulder
flexion, IR ROM, and painful shoulder in young fe-
male swimmers. Hill et al. [29] similarly described
decreased shoulder IR ROM and increased or de-
creased shoulder ER ROM as risk factors for shoul-
der pain development in swimmers. We observed not
only optimal active shoulder ER ROM in our athletes,
but also large active shoulder IR ROM (82-84°).

The mean peak force produced by shoulder IR and
extension muscles was significantly higher in our swim-
mers and triathletes in comparison with the controls.
This proves that regular training in swimming increases
shoulder IR and extension muscle strength involved in
propulsion force production during swimming strokes,
which is in good agreement with observations of other
researchers [5, 10-12]. We did not reveal any shoulder
extension muscle peak force side asymmetry in the
3 groups of our participants after warm-up exercises.
The peak force of IR muscles was higher in the domi-
nant shoulder than in the non-dominant one only in
the athletes trained in triathlon. Awatani et al. [24] de-
tected shoulder muscle maximal isometric strength
side asymmetry: the strength of the dominant shoul-
der IR muscles was 13.3 * 10.7% higher than in the
non-dominant shoulder, but extension strength was
21.4 + 12.3% higher in the dominant arm. The au-
thors established a positive correlation between shoul-
der muscle maximal torque and a 25-m distance front
crawl power. The correlation with swimming power
was close for IR torque of the dominant (correlation
coefficient r = 0.85) and non-dominant shoulder (r =
0.76) and extension torque of both arms (r = 0.61). We
could suggest from these observations [24] that the
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shoulder muscle strength side asymmetry was an ad-
vantage in swimmers of sprint distances, which was
proved by Tourny-Chollet et al. [15]. Our swimmers
and triathlon athletes swam not only short, but also
longer distances. Therefore, they needed more symmet-
rical strength of the shoulders to avoid fast fatigue de-
velopment.

Differences in force production were compared in
water (12 elite swimmers performed a 30-second teth-
ered swimming test) and on land (4 swimmers per-
formed isokinetic tests in shoulder and knee extension
at the angular velocity of 90%s and 300%s) [30]. The
authors determined significant relationships between
dry-land and swimming force production (= 0.62-
0.96, p < 0.05). The peak force, peak torque, and av-
erage torque were symmetrical in the dominant and
non-dominant arms in both environments, so the asym-
metries in water could be more related to swimming
technical constraints than muscle strength side asym-
metry.

The mean peak forces of shoulder IR and extension
muscles did not change significantly after swimming
the 4.5-km distance in free style in aerobic regimen in
our athletes. Despite of this finding, the peak forces
of IR and extension muscles of the dominant shoulder
had a non-significant tendency to increase (owing to
work-in to swimming load), but the peak forces of the
same muscles of the non-dominant shoulder remained
unchanged (because of the initial stage of fatigue). So,
the volume and intensity of the aerobic load during the
swimming trial was enough to cause the significant
shoulder IR and extension muscle isometric peak force
side asymmetry with stronger muscles in the dominant
than in the non-dominant shoulder. We suggest that
this could be a reason for an unbeneficial swimming
technique alteration owing to faster starting of fatigue
in the non-dominant arm muscles.

Matthews et al. [18] investigated the effect of fatigue
on swimming stroke length, shoulder position sense,
and shoulder IR-ER maximal isometric strength (meas-
ured by the same dynamometer [MicroFET2; Hoggan
Health Industries, West Jordan, USA] as we used in
our research) in young swimmers; however, the par-
ticipants stood upright and pressed the dynamome-
ter against a pillar during muscle strength tests. The
authors applied a fatigue protocol of an 8 x 100 m
swim set with a 2-minute interval and did not observe
significant strength differences between pre- and post-
fatigue tests in IR and ER. These results are in a good
agreement with our data: the peak isometric force of
shoulder IR and extension did not change significantly
after the swimming trial. We also detected the appear-
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ance of significant shoulder IR and extension isometric
peak force side asymmetry after swimming the 4.5-km
distance in free style in aerobic regimen in our swim-
mers and triathletes.

Moreover, Mathews et al. [18] observed the right
shoulder ROM reposition sense worsening after the
fatigue protocol of interval swimming and application
of passive shoulder motion: from 4.92 + 4.71° t0 9.62 +
6.63°. They did not detect any correlation between joint
position sense and length of the swim stroke. We meas-
ured shoulder IR and extension muscle exerted sub-
maximal force reproduction error and reported that it
did not differ significantly among the 3 groups of par-
ticipants. Shoulder IR and extension muscle submaxi-
mal force differentiation ability did not significantly
increase after the swimming trial. Variation of the
submaximal force reproduction errors is large among
our swimmers and triathletes. Rejman et al. [31] deter-
mined that national level competitive swimmers who
obtained lower leg muscle force repetition error in the
dry-land trials were also able to better replicate this
force during real swimming. Therefore, we could in-
directly imply that our swimming athletes who pre-
sented the largest shoulder IR and extension muscle
submaximal force reproduction errors in the dry-land
tests should have worse shoulder muscle differentia-
tion ability in the water, too.

Therefore, swimmers’ shoulder early fatigue char-
acteristic could be the muscle peak force side asym-
metry appearance before worsening of the peak force
absolute values and a significant decrease in submaxi-
mal force reproduction error.

A limitation of our study is that we investigated
only 2 main muscle groups involved in the pull phase
of the swimming stroke. The number of participants
was small because a larger number of the same quali-
fication athletes was not available. The triathletes were
significantly older in comparison with the other 2
groups of participants. Older age in adolescents could
have been a reason for muscle peak force increase and
shoulder ROM decrease, but these were not observed
in our study. Shoulder IR and extension muscle isomet-
ric peak force and the submaximal force reproduction
error assessment in static mode were not specific for
swimming like dynamic motions in a different envi-
ronment — in water. Other fatigue protocols must be
applied to evaluate their effects on shoulder muscle
strength and proprioception.

As for the practical application of the study, swim-
ming coaches and physiotherapists must consider faster
fatigue occurrence in muscles of one shoulder in com-
parison with the other, and suggest worse shoulder

muscle force differentiation error in athletes with larger
submaximal force reproduction error in dry-land tests.
They could involve additional resistance exercises and
proprioceptive training for the weaker shoulder and
in swimmers with worse shoulder muscle force dif-
ferentiation ability.

Conclusions

Swimmers and triathletes presented larger ROM
in flexion and abduction in both arms, but IR ROM
was larger only in the non-dominant shoulder in com-
parison with the controls. The mean shoulder IR and
extension muscle isometric peak forces were higher
in both groups of swimming athletes than in the con-
trols; strength side asymmetries of these muscles were
not observed in any of the 3 groups of participants.
IR peak force was higher in the dominant than in the
non-dominant shoulder only in triathletes. The mean
submaximal force reproduction error did not differ
among participants from the 3 groups. Free-style swim-
ming of the 4.5-km distance in aerobic regimen caused
shoulder IR and extension muscle peak force side
asymmetry without a decrease of their absolute values
or a significant worsening in submaximal force re-
production error.
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