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Background
Competitive swimmers are exposed to high training loads, which can contribute to the
development of shoulder pain. There is a lack of research investigating the interactions
between the accumulation of training loads and factors associated to shoulder pain in
swimmers.

Purpose
The primary objective was to analyze the changes in shoulder physical qualities and
wellness factors over a week of training in competitive swimmers. A secondary objective
was to compare the changes in these variables between different swim-training volumes
performed during the week.

Design
Cross-sectional.

Methods
Thirty-one national and regional-level swimmers were included (18 females, 13 males;
age= 15.5 ± 2.2 years). Active shoulder external rotation (ER) range of motion (ROM),
shoulder-rotation isometric torque, and wellness factors using the Hooper questionnaire
were measured twice over the week: a baseline measurement (before Monday´s training
session) and a follow-up during the week. Participants were divided into a high-volume
group (HVG) and low-volume group (LVG) based on the day follow-up was performed.
HVL (n= 15) was tested at the end of the training week (after Saturday´s session) and LVG
(n= 16) during the week (after Thursday or Friday´s session). Rating of perceived exertion
(RPE) of the whole week was recorded after the follow-up session.

Results
At follow-up, the LVG averaged a volume of 26.2 ± 2.2 km, whereas the HVG averaged a
volume of 37.5 ± 3.7 km. LVG and HVG participants decreased active shoulder ER ROM on
dominant (p= 0.002; p= 0.006) and nondominant sides (p= 0.001; p= 0.004), displayed
increased muscular soreness (p= 0.001; p= 0.007) and worsened overall wellness (p<
0.001; p= 0.010). Fatigue (p= 0.008) and poor sleep quality were increased (p= 0.023) in
HVG, but not in LVG. There were no changes in shoulder-rotation torque and stress in any
group. Regarding between-groups differences, only weekly RPE was higher (p= 0.004) in
HVG.
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Conclusions
The accumulation of training loads over the week negatively affect physical and wellness
factors. Greater swim-volumes were associated with an increase perception of training
loads. The regular monitoring of multiple factors to assess swimmers’ response to
training might be necessary.

Level of evidence
3

INTRODUCTION
The etiology of injuries in sports is multifactorial including
the dynamic interaction among biomechanical, psychological, behavioral, and training-related factors.1 Competitive
swimmers are exposed to large training loads, swimming up
to 14,000 m/day.2 Given that 90% of the propulsive force
comes from the upper limbs,2 the shoulder is the most commonly injured body part.3 With a prevalence as high as
91%,4 shoulder pain is the main reason for missed training
in competitive swimmers.3 Injuries in this population occur
mainly from repetitive strain and microtrauma as a result
of high training intensity or volume.5 A systematic review
supported this, reporting moderate associations between
training volume and shoulder pain in adolescent competitive swimmers.6 Considering the dynamic and multifactorial nature of sports injuries and the importance of training
loads on the development of shoulder pain in swimmers, it
is necessary to understand the interaction between training
loads and other risk factors.
Stresses induced by training loads in swimmers have
been shown to have a negative effect on shoulder physical
qualities. Researchers have reported immediate decreases
of shoulder external rotation (ER) range of movement
(ROM),7–9 pectoralis minor length,7 and isometric rotation
torque9 after a single swim session. Since these physical
qualities have been reported as potential risk factors for
shoulder pain in swimmers,10 their acute maladaptation
can potentially increase the predisposition to shoulder injury. The intensity of the training session has been shown
to be an important component of training loads leading to
some of these changes.9 To date, there is evidence that a
single swim-practice can lead to acute shoulder maladaptations,7–9 however, it is unknown whether these maladaptations are affected by the accumulation of multiple sessions.
Also, training intensity is the only component of training
loads that has been investigated;9 no studies have examined the effect of swim-training volume on physical qualities of the shoulder.
General wellness in swimmers is also affected by training
loads. The peak swim-training volume during a season has
been associated with mood11 and sleep disturbances.12 It
has been also shown that acute increases in swim-training
volume negatively affect muscular soreness, mood, perception of training loads, and psychological well-being.13–15
Importantly, impairments of wellness factors have been
found in overtrained swimmers.16 Although wellness factors have not been directly associated with shoulder pain
in swimmers, they have been reported as injury predictors
in other sports.17–19 There is evidence of a dose-response
relationship between training loads and wellness in swim-

mers;11–14 the peak swim-volume during a season and
acute increases in swim-volume negatively affect wellness
factors. However, it is unknown how they are affected by
different swim-training volumes performed over the course
of a week.
There is a lack of information about the interaction between training loads and risk factors for shoulder pain in
swimmers. Importantly, no studies have simultaneously
monitored shoulder physical qualities and self-reported
wellness factors such as fatigue, muscular soreness, sleep
quality, and stress in this population. Given the dynamic
and multifactorial nature of injuries in sports and the role
of training loads, it is important to understand how the
accumulation of training loads affect factors associated to
shoulder pain in swimmers and how different swim-training
volumes influence these changes. This might help coaches
and practitioners to discern which factors and when they
need to be monitored. Monitoring can help to understand a
swimmer’s response to training to adequately prescribe and
manage training loads, minimizing the risk of injury and
maximizing performance. The primary objective was to analyze the changes in shoulder physical qualities and wellness factors over a week of training in competitive swimmers. A secondary objective was to compare the changes
in these variables between different swim-training volumes
performed during the week.

MATERIALS AND METHODS
EXPERIMENTAL APPROACH TO THE PROBLEM

A cross-sectional study was conducted to assess the impact
of a week´s training loads on shoulder physical qualities and
wellness factors and to determine the impact of different
training volumes on these factors. For the first objective,
participants were measured twice over a week: a baseline
measurement at the beginning of the week (before Monday´s training session) and a follow-up during the week.
For the second objective, participants were divided by convenience sampling into a high-volume group (HVG) and
low-volume group (LVG) according to the day the followup measurement was performed. The HVG group was measured after Saturday´s training session. This implied that
this group was tested after completing all the sessions of
the week and thus performed the total weekly swim-volume. Conversely, the LVG was measured during the week
(after the Thursday or Friday session). This indicated that,
at the time of follow-up, this group had performed less than
the total weekly swim-volume.
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PARTICIPANTS

TRAINING LOADS MONITORING

Thirty-four national and regional level swimmers from the
same club were recruited to participate in the study. According to a priori power analysis (version 3.1.9.2; G*Power,
Heinrich-Heine-Universität, Düsseldorf, Germany), using
the t-tests for means (two independent groups), a sample
size of 32 participants (16 per group) would be required to
detect a large effect size (0.90) with a power of 0.80 and an
α level of 0.05. Three participants were unable to complete
the follow-up testing; one developed shoulder pain during
the testing week, whereas two missed the session due to
other reasons. Thirty-one participants were included in final analysis (18 females and 13 males; age = 15.5 ± 2.2 years,
range 12-21 years). All swimmers trained year-round and
completed a similar number of practices regularly, regardless of the age and level of competition. The participants
performed an average training volume of 35,600 ± 4,000
meters per week and average swim sessions of 8.5 ± 0.5 per
week. The exclusion criteria included a history of shoulder
surgery, shoulder pain at the time of the study, and any pain
in the two weeks before the study that interfered with the
ability to train or compete fully.7 All participants provided
written informed consent before data collection. For participants under 18 years of age, parental or guardian signed
consent was obtained. This study was approved by our university’s ethics board and conducted in accordance with the
Declaration of Helsinki (Ref.no.HSR1718-100).

According to a consensus statement in training loads,21 a
combination of external (amount of work performed by the
athlete) and internal (athlete’s physical and psychological
response to external loads) training loads should be used
to monitor an athlete’s response to training. External training loads were measured by the swim-training volume performed during the testing week. For internal training loads
monitoring, it has been recommended to include objective
and subjective measures.22 Objective measures included
shoulder physical qualities, whereas subjective measures
included self-reported wellness factors and weekly RPE.

PROCEDURES

Baseline measurements included general demographic information, such as sex, age, limb dominance, height, mass,
forearm length, and history of shoulder pain. Considering
the high number of swimmers that do not discontinue
training due to shoulder pain,20 history of shoulder pain
was recorded as the presence of significant interfering pain
that caused the swimmer to miss or modify training or competition within the previous 12 months. Before testing, participants performed a standardized warm-up consisting of
shoulder movements (10 repetitions of ER and IR [0° shoulder abduction] with a yellow TheraBand [The Hygenic Corporation, Akron, OH]). After the warm-up, participants
were asked about their readiness to train and completed
a wellness questionnaire. Readiness to train was measured
separately by asking “Do you feel ready to train at 100%
this week?” on a seven-point Likert ranging from 1 (strongly
agree) to 7 (strongly disagree). Wellness was obtained with
the Hooper questionnaire which includes self-report ratings
of muscular soreness, fatigue, sleep quality, and stress using a Likert scale ranging from 1 to 7.16 Then, active shoulder external rotation ROM and shoulder rotation isometric
peak torque were measured, assessing the dominant side
first. Three trials of each test were performed on both limbs,
and the results were averaged for further analysis. For the
follow-up session, participants were tested on different
days according to the swim-volume group (low-volume or
high-volume). Immediately after completion of the training, swimmers exited the pool and repeated baseline testing. Additionally, RPE of the whole week was recorded after
the follow-up session.

SWIM TRAINING VOLUME

Swim-training volume was defined as “the average distance
or average time swum per week”.6 The swim-volume for
each swimmer was reported by the coaches at the end of
each week and was based on the distance covered at the
time of the follow-up measurement. If a participant missed
a training session, the volume of the missed session was deducted from the total weekly volume.
PHYSICAL QUALITIES

Regarding shoulder-rotation ROM, only ER was measured.
The reason for this was because previous authors7–9 have
found changes in ER ROM, but not in IR after a swim training. Shoulder ER ROM was measured using the ‘Goniometer
Pro’ (5fuf5 Co, Bloomfield, NJ) digital inclinometer application for the iPhone (Apple, Inc, Cupertino, CA), which
is valid compared to the universal goniometer.23 Participants were positioned in supine with 90° of shoulder abduction and instructed to actively rotate the limb back until
reached end available range. A towel roll was placed under
the humerus to ensure a correct alignment in the frontal
plane.24 This was based on visual inspection, making sure
that the humerus was levelled to the acromion process.24
The end range was determined by the available range without any stabilization.
Shoulder rotation isometric peak torque was assessed using a hand-held dynamometer (HHD) (Hoggan MicroFET2;
Scientific LLC, Salt Lake City, UT), which has been shown
to be reliable and valid compared to the gold standard isokinetic dynamometry.25 Participants were positioned in
supine with 90° of shoulder abduction. Before testing, one
submaximal trial was performed to ensure correct technique. The HHD was placed on the palmar surface of the
forearm for internal rotation and on the dorsal aspect of
the forearm for external rotation, proximal to the radioulnar joint crease. Then, participants were instructed to push
against the HHD as hard as possible for three seconds, with
a resting period of 10 seconds. Force was converted into
torque (in newton meters) by multiplying the force (in newtons) by the lever arm length (meters). Torque was normalized to body mass (Nm/kg) and expressed as the percentage
of change between the baseline and follow-up measurements. Lever arm length was measured from the olecranon
process to the proximal aspect of the styloid process of the
ulna.26 To assess muscle balance, the ratio between exter-
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Table 1. One-Week Test-Retest Reliability for Outcome Measures Calculated from the Pilot Study (N = 10)
Intraclass
Correlation
Coefficient
(3,3)a (95% CI)

Standard Error
of
Measurementb

Standard Error
of
Measurementd
(%)

Minimal
Detectable
Changec

Minimal
Detectable
Changed
(%)

Test

Side

External
rotation
range of
motion, °

Dominant

0.958
(0.815-0.991)

2.22

2.1

6.17

6.0

Nondominant

0.947
(0.783-0.988)

3.81

3.7

10.57

10.3

External
rotation
torque,
Nm/kg

Dominant

0.984
(0.928-0.996)

0.02

4.8

0.05

13.4

Nondominant

0.988
(0.950-0.997)

0.02

4.9

0.05

13.5

Internal
rotation
torque,
Nm/kg

Dominant

0.982
(0.913-0.996)

0.02

5.2

0.06

14.3

Nondominant

0.991
(0.959-0.998)

0.02

4.0

0.04

11.0

Abbreviations: CI, confidence interval.
a Two-way mixed model. A coefficient ≥ 0.90 is considered excellent reliability, ≤0.89 to ≥ 0.80, good, ≤0.79 to ≥ 0.70, moderate, and < 0.70, low.
b Standard deviation x √1 – intraclass correlation coefficient.
c Calculated as standard error of measurement x 1.96 x √2.
d Standard error of measurement and minimal detectable change % were calculated by dividing their respective value with the average of the test and retest values.

nal and internal rotator torque was calculated (ER: IR ratio).
Three trials of shoulder ER ROM and rotation peak torque
were performed on both limbs, and the results were averaged for further analysis.
Intrarater test-retest reliability for active shoulder ER
ROM and rotation isometric torque was established before
in a pilot study. Three trials of each measurement were performed on two sessions separated by seven days. The intraclass correlation coefficient, standard error of measurement (SEM), and minimal detectable change (MDC) with
95% of confidence interval for each test were calculated.
These results provided information to enable us to determine whether the changes in the shoulder physical qualities
were real or due to measurement error (Table 1).
SELF-REPORTED WELLBEING

Common valid instruments to assess athlete’s wellbeing
status include The Stress-Recovery Questionnaire for Athletes, The Profile of Mood States, and The Multicomponent
Training Distress Scale.22 Unfortunately, these questionnaires are long and time-consuming, which limits their implementation in the sport setting. Because of this, several
authors have incorporated elements of these questionnaires
into short, customized, and easy-to-use self-reported measures.16,17,19,27–31 Within these studies, a specific set of
questions (Hooper questionnaire) have been used in several
sports16,27,30,31 which includes self-report ratings of muscular soreness, fatigue, sleep quality, and stress using a Likert scale ranging from 1 to 7 for rating. Importantly, the
Hooper questionnaire has been shown to provide an efficient method of monitoring both overtraining and recovery
in swimmers16 and to have moderate to large relationship
with acute load in other sports.30 Using this questionnaire,
each swimmer recorded their current status of muscular

soreness (1= free full movement, 2 = free movement, 3 =
fairly free movement, 4 = neutral, 5 = fairly sore, 6 = sore,
and 7 = very sore), fatigue (1= very fresh, 2 = fresh, 3 = fairly
fresh, 4 = neutral, 5 = fairly tired, 6 = tired, and 7 = very
tired), sleep quality (1= very restful, 2 = restful, 3 = fairly
restful, 4 = neutral, 5 = fairly restless, 6 = restless, and 7 =
very restless), and stress (1= very relaxed, 2 = relaxed, 3 =
fairly relaxed, 4 = neutral, 5 = fairly stressed, 6 = stressed,
and 7 = very stressed). The individual scores of each item
were summed to provide a score of overall perceived wellness.
WEEKLY RPE

The perception of training loads was quantified by the RPE
based on the modified version of the category-ratio scale
of Borg.32 Immediately after completing the follow-up session, the swimmers were asked, “On average how hard was
your training week?”, on a scale from 0 (rest) to 10 (maximal
effort).32 Researchers have recommended that RPE should
be monitored daily.32 However, as a result of the various
training locations of each athlete, the daily measurement of
the RPE was not possible. It has been shown that the RPE
reported at the end of the week (weekly RPE) has a strong
correlation with the RPE reported daily after 24 hours of
training (0.87 [CI, 0.78 – 0.93]).33 Therefore, RPE of the
whole week was recorded.
STATISTICAL ANALYSIS

For statistical analysis, SPSS (version 25 for Windows; Inc,
Chicago, IL) was used. Demographic data was initially
screened for between-group differences using independent
sample t-tests for normally distributed data and Mann
Whitney test for non-normally distributed data. As all out-
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Table 2. Descriptive and baseline characteristics of participants (N = 31)
Low-Volume Group (n = 16)
Mean ± SD

Range (minmax)

High-Volume Group (n = 15)
Mean ± SD

Range (minmax)

Between
Group
p Value

Swim-volume at followup, km

26.2 ± 2.2

5.0 (25.0 30.0)

37.5 ± 3.7

8.0 (32.0 –
40.0)

< 0.001*

Training hours at followup, h

12.0 ± 0.6

2.5 (10.9 –
13.4)

15.3 ± 0.7

1.4 (14.4 –
15.8)

< 0.001*

Age, y

15.1 ± 2.2

7.0 (12.0 –
19.0)

15.9 ± 2.2

8.0 (13.0 – 21)

0.32

Body mass, kg

54.8 ± 9.6

29.0 (40.0 –
69.0)

62.8 ± 9.2

30.0 (45.0 –
75.0)

0.025*

Height, cm

166.6 ± 10.2

32.0 (150.0 –
182.0)

170.5 ± 10.4

27.0 (155.0 –
1.82.0)

0.23

Readiness to train, scale
1-7

2.1 ± 0.9

3.0 (1.0 – 4.0)

2.0 ± 0.9

3.0 (1.0 – 4.0)

0.77

Sex, male: female

5: 11

8: 7

0.30

Level of competition

8 national, 8
regional

11 national, 4
regional

0.20

History of shoulder pain,
yes: no

6:10

4:11

0.54

SD, standard deviation.
* Difference between groups (p < 0.05).

come measures showed normal distribution, results are expressed as means and standard deviation (SD). Paired t-test
was used to assess within-group differences between preand post-measurements and independent sample t tests
were used to assess between-group differences. The Cohen
d effect size (ES) was calculated to determine the magnitude
of any difference among measurements: >0.8 (large),
0.5-0.79 (medium), 0.49-0.20 (small), and <0.2 (trivial).34
Differences were considered as significant when p values
were ≤ 0.05. Additionally, a swim-volume threshold was calculated to determine the percentage of swimmers above or
below a specific swim-volume in each group. In the LVG,
two SD were added to the average value of the swim-volume
obtained, whereas, in the HVG, two SD were subtracted
from the average of the swim-volume. This is an operational value that will determine a swim-volume threshold
where 95% of the participants in each group lie.

RESULTS
Table 2 presents the baseline characteristics of the participants. The HVG reported greater swim-volume (p < 0.001)
and training hours (p < 0.001) at follow-up. The LVG averaged a volume of 26.2 ± 2.2 km, whereas the HVG averaged
a volume of 37.5 ± 3.7 km. The swim-volume threshold was
set at 30 km, identifying that 95% of swimmers in the HVG
performed more than 30 km (37.5 - 2 SD [3.7]) and 95% of
swimmers in the LVG performed less than 30 km (26.2 + 2
SD [2.2]) at follow-up.

For shoulder ER ROM, the LVG demonstrated decreases
with large ES for the dominant (p = 0.002; d = 1.22) and nondominant sides (p = 0.001; d = 0.82). The HVG demonstrated
decreases with large ES for the dominant (p = 0.006; d =
0.99) and nondominant sides (p = 0.004; d = 1.25) (Table 3,
Figure 1). In both groups, the average change on the dominant side exceeded the MDC, whereas it only exceeded the
SEM on the nondominant side. There was no significant difference between groups. For isometric peak torque, there
was no significant pre-post and between-group difference
in external rotator, internal rotator, or ER: IR ratio (Table 3).
Regarding wellness factors (Table 4, Figure 2), self-reported muscular soreness increased (p = 0.001; d = 0.81)
and overall wellness worsened with large ES (p = < 0.001; d
= 1.33) in the LVG. There was no difference between testing sessions for sleep quality, fatigue, or stress. In the HVG,
both muscular soreness (p = 0.007; d = 0.63) and poor sleep
quality increased with moderate ES (p = 0.023; d = 0.69).
Fatigue increased (p = 0.008; d = 0.96) and overall wellness
worsened (p = 0.010; d = 0.80) with a large ES. No difference
was reported in stress. There was no difference for muscular
soreness, sleep quality, fatigue, stress, and overall score between groups.
Weekly RPE differed significantly between groups with
large effect size (p = 0.004; d = 1.15) (Figure 2). The HVG
reported higher weekly RPE scores (mean = 7.13 points, SD
=1.3; range = 5-9) than the LVG (mean = 5.63 points, SD
=1.3; range = 3-7).
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Table 3. Mean results for within-group and between-group comparison for shoulder external rotation range of motion and shoulder rotation isometric peak torque (N =
31).
Low-volume group n =16
Test

Side

Initial
Session,
Mean ±
SD

Between
group

High-volume group n = 15

Followup,
Mean ±
SD

Mean
Difference

%
Change

Effect
Size

p
Value

Initial
Session,
Mean ±
SD

Followup,
Mean ±
SD

Mean
Difference

%
Change

Effect
Size

p
Value

p Value

External
rotation
ROM, °

D

99.0 ± 5.7

86.8 ±
14.3

-12.2

-16.5 ±
18.0

1.22

0.002*

98.3 ± 7.9

89.9 ±
8.9

-8.4

-10.2 ±
13.2

0.99

0.006*

0.32

ND

93.3 ± 9.4

84.7 ±
11.5

-8.6

-11.1 ±
11.3

0.82

0.001*

99.9 ± 6.8

91.3 ±
6.9

-8.6

-10.0 ±
11.8

1.25

0.004*

0.71

Internal
rotator
torque, Nm/
kg

D

0.53 ±
0.13

0.58 ±
0.18

+0.05

+5.0 ±
19.9

0.31

0.12

0.50 ±
0.12

0.51 ±
0.12

+0.01

+1.2
±18.8

0.08

0.60

0.57

ND

0.51 ±
0.17

0.56 ±
0.17

+0.05

+9.0 ±
17.5

0.29

0.058

0.51 ±
0.12

0.50 ±
0.10

-0.01

-1.0 ±
11.7

0.09

0.78

0.22

External
rotator
torque, Nm/
kg

D

0.48 ±
0.12

0.47 ±
0.11

-0.01

-0.8 ±
12.6

0.08

0.94

0.45 ±
0.08

0.43 ±
0.07

-0.02

-5.2 ±
16.1

0.25

0.35

0.36

ND

0.40 ±
0.12

0.43 ±
0.14

+0.03

+6.9 ±
14.5

0.23

0.067

0.40 ±
0.08

0.41 ±
0.08

+0.01

+1.8 ±
15.2

0.12

0.54

0.45

D

0.89 ±
0.08

0.84 ±
0.14

-0.05

-9.4 ±
19.8

0.43

0.18

0.92 ±
0.11

0.87 ±
0.19

-0.05

-8.8 ±
22.3

0.33

0.40

1.0

ND

0.81 ±
0.20

0.77 ±
0.12

-0.04

-5.4 ±
26.7

0.27

0.48

0.79 ±
0.13

0.81 ±
0.12

+0.02

2.3 ±
11.8

0.15

0.40

0.45

ER:IR ratio

D, dominant; ND, nondominant; SD, standard deviation.
* Difference (p < 0.01).
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Table 4. Mean results for within-group and between-group comparison for wellness factors (N = 31)
Low-volume group (n = 16)
Initial
Session
Mean ±
SD

Followup
Mean ±
SD

Mean
Difference

%
Change

Effect
Size

Muscular
soreness

2.75 ±
1.1

4.25 ±
1.1

+1.50

32.5 ±
27.9

Sleep
quality

3.25 ±
1.6

3.69 ±
1.0

+0.44

Fatigue

3.38 ±
1.2

4.06 ±
1.1

Stress

2.69 ±
1.1

Overall
wellness

12.3 ±
4.3

Test

Between
group

High-volume group (n = 15)

p Value

Initial
Session
Mean ±
SD

Followup
Mean ±
SD

Mean
Difference

%
Change

Effect
Size

p
Value

p Value

1.33

0.001 *

3.00 ±
1.4

3.87 ±
1.3

+0.87

22.7 ±
28.6

0.63

0.007*

0.17

12.6 ±
36.3

0.33

0.21

2.53 ±
0.8

3.13 ±
0.9

+0.60

15.2 ±
27.7

0.69

0.023*

0.70

+0.68

13.0 ±
34.5

0.60

0.052

3.00 ±
1.0

4.27 ±
1.6

+1.27

21.7 ±
33.3

0.96

0.008*

0.27

3.13 ±
1.0

+0.53

8.9 ±
38.2

0.43

0.069

2.47 ±
1.0

2.60 ±
1.2

+0.13

2.8 ±
39.9

0.12

0.63

0.39

15.3 ±
3.0

+3.00

22.0 ±
17.4

0.81

<0.001*

11.0 ±
3.4

13.9 ±
3.8

+2.90

19.8 ±
23.7

0.80

0.010*

0.31

* Difference (p < 0.05).
The individual scores of each item were summed to provide a total score of overall perceived wellness.
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DISCUSSION
The aims of this study were to analyze the changes in shoulder physical qualities and wellness factors over a week of
training in competitive swimmers and compare the changes
in these variables between different swim-training volumes
performed. For the first objective, shoulder ER ROM and
self-reported muscular soreness, sleep quality, fatigue, and
overall wellness were negatively affected over a week’s
training, but isometric peak torque and self-reported stress
were not. Within-group analysis showed that both groups
reported decreases in shoulder ER ROM and increases in
self-reported muscular soreness; however, only the HVG reported impairments in fatigue and sleep quality at followup. For the second objective, the HVG reported higher
weekly RPE scores compared to the LVG at follow-up. However, there were no significant differences in shoulder physical qualities and wellness factors between groups. Our results show that the accumulation of training loads over a
week negatively affect physical and wellness factors in
swimmers. Also, higher swim-volumes were mainly associated with an increased perception of training loads.
WEEKLY RPE

The weekly RPE was significantly higher in the HVG than
the LVG with large ES (d = 1.15). The LVG perceived the
training week as “hard” (RPE mean = 5.63 points), whereas
the HVG perceived the training week as “really hard” (RPE
mean = 7.13 points). This indicates that as the swim-training volume increases towards the end of the week, training
loads are perceived as harder. O’ Connor et al.14 found increases in RPE values after an increase of training volume
over three days in competitive swimmers. Interestingly,
these changes were associated with increases in self-reported fatigue, muscular soreness, and mood.14 Although
this study showed changes in most of the wellness and
physical factors during the week, there were no significant
differences between groups. This indicates that higher
swim-volumes performed during the week (over 30 km)
have no additional impact on these factors. These findings
might suggest that these factors are more affected by the
changes in swim-volume rather than the total volume performed.
SHOULDER PHYSICAL QUALITIES

To the authors knowledge, this is the first study investigating cumulative effects of training loads on shoulder ER
ROM and rotation isometric torque over a training week
in swimmers. Both groups reported reductions in ER ROM
with large ES. The LVG reported a mean decrease of 12.2° on
the dominant and 8.6° on the nondominant side, while the
HVG reported a mean decrease of 8.6° on the dominant and
8.4° on the nondominant side. However, the difference between groups was not significant. The results showed that
ER ROM is negatively affected by the accumulation of training loads but higher swim-training volumes provide no additional impact. The large ES and values exceeding the MDC
in the dominant side for both groups support the clinical
meaningfulness of the observed ER ROM changes. There-

Figure 1. Box plots showing the change in ER ROM
for low and high-volume groups, on the dominant
and nondominant shoulder.
The lower and upper edge of the box indicates the 25th and 75th percentile of the
sample respectively. The height of the box indicates the interquartile range, and
the line inside the box shows the median. The X inside the box represents the
mean. The whiskers represent extreme data points that are no more than 1.5
times the interquartile range from the lower and upper edges of the box. The circles beyond the whiskers represent outliers. Abbreviations: ROM, range of motion; ER, external rotation; °, angle.

fore, there is a 95% of confidence that the changes in ER
ROM in the dominant side during a training week are attributed to the swim training and not due to measurement
error. Although the ES for the nondominant side was large,
the values of change only exceeded the SEM, which weakens
its clinical significance.
Prior studies in swimmers have only investigated the impact of a single training session on shoulder ER ROM.7,8
Matthews et al.8 found decreases of 5.29° on the dominant
side and 3.18° on the nondominant side after a fatigue protocol consisting of eight sets of 100m swim in national level
swimmers. Higson et al.7 reported decreases in ER ROM of
3.4° after a two-hour training session in elite swimmers.
More recently, Yoma et al.9 found decreases in ER ROM of
7.8° on the dominant side and 6.5° on the nondominant
side after a high-intensity session of 3.0 km in regional
and national level swimmers. The greater changes found in
this study may be explained by the cumulative effects of
swim-volume over multiple training sessions. In our study,
all participants performed between seven and nine sessions
and completed a total swim-volume over 25 km, which is a
significantly higher volume than in the studies of Mathews
et al.8 (800 m) and Yoma et al.9 (3.0 km). Probably, the acute
reductions of ER ROM after a single session are not completely recovered before the following training, which might
explain the greater changes found in this study. Deficits in
shoulder ER ROM is a risk factor for shoulder pain in competitive swimmers,35 therefore, the regular monitoring of
shoulder ER ROM might be important to reduce the susceptibility of shoulder injuries due to the accumulation of
training loads. Limitations of ER ROM might be important,
as this movement is necessary during the mid-recovery
phase when the arm is abducted at 90°.2 Hypothetically,
limited ER ROM may increase the probability of mechanical
shoulder impingement during the recovery phase.35
Contrary to what was expected, the accumulation of
training loads over the week did not affect shoulder IR or ER
peak torque in any group. In a recent study, investigators9
found that shoulder rotation isometric peak torque was immediately reduced after a high-intensity session but not
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Figure 2. Graphs showing the mean changes between baseline and follow-up scores in self-reported wellness
and weekly RPE for low-volume and high-volume groups.
A) Muscular Soreness, B) Fatigue, C) Sleep Quality, D) General Stress, E) Overall Wellness, and F) Weekly RPE. Error bars represent the standard deviation. *Significant difference between pre- and post-measurements (P < .05). **Significant difference between groups (p < .05).

after a low-intensity session in competitive swimmers. As
part of the regular week, swimmers usually perform a combination of high and low-intensity sessions. The absence of
changes in this study might be explained by the possible
recovery of force between sessions. Another explanation is
that only the maximal peak force was assessed, which may
not reflect the demands of swimming. Swimming is an endurance sport that does not reach peak levels of force; thus,
it is possible that testing as a proxy measure of muscle endurance rather than maximal force could have given different results.36–38 Considering this and the previous studies´
results,9 it can be suggested that changes in rotation force
are possibly more affected by the intensity of a single session than the accumulation of swim-volume. Despite this,
regular monitoring of shoulder rotation strength in swimmers might be important in clinical practice.
WELLNESS FACTORS

All wellness factors were affected by training performed
during the week, except for general stress. Self-reported

muscular soreness was increased in both groups with moderate to large ES. Various authors have reported increases
in self-reported muscular soreness after acute increases of
swim-volume during three14 and ten days13 of training.
Furthermore, Hooper et al.16 found increases in muscular
soreness during the peak volume period of a season in competitive swimmers. Although this study did not assess the
impact of acute increases of swim-volume or the effects of
a specific period of the season, it was found that the accumulation of training loads over a regular training week also
increases the perception of muscular soreness. However,
the different swim-volumes performed did not influence the
perception of muscular soreness. Laux et al.18 found an association between the feeling of stiff muscles and feeling
vulnerable to injuries in professional football players. The
stress-injury model39 proposes that generalized muscle
tension is an important mediating factor between psychological stress and injury; an elevated stress response increases muscle tension narrowing the visual field and increasing distractibility and consequently the risk of injury.
Perceived fatigue and sleep quality were significantly af-
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fected in the HVG (moderate to large ES), but not in the
LVG. These results might be explained because the HVG
was tested at the end of the week, which implies a greater
swim-volume and training sessions than the LVG. However,
the non-significant difference between groups for fatigue
(p = 0.27) and sleep quality (p = 0.70) weaken this relationship. Fatigue and sleep disorders have been found in
overtrained swimmers; during the peak swim-volume period of the season, self-reported impairments in sleep and
fatigue predicted overtraining before the deterioration in
performance became evident several weeks later.16 Furthermore, both have been reported as injury predictors in team
sports.18 The results showed that the changes in both variables might be sensitive to higher swim-training volumes
performed over the week. The increases in stress (fatigue)
and simultaneous decreases in recovery (sleep) might increase the susceptibility to injury and overtraining. However, as a result of the non-significant differences between
groups, swim-volume might weaken its contribution to
these changes.
Overall wellness score (sum of the individual item scores
of the Hooper questionnaire) was affected in both groups
with large ES. Hooper et al.16 found that the overall score
of this questionnaire accounted for 49%, 78%, and 76% of
the variance to predict overtraining in swimmers in early,
late and midseason respectively. Training loads can impose
stress on the athlete, shifting their physical and psychological wellness along a continuum that progresses from acute
fatigue to functional overreaching, non-functional overreaching, and ultimately overtraining syndrome.40 Therefore, these results support the importance of regularly monitoring these factors of potential overtraining in
competitive swimmers. Finally, general stress was not affected over the week in any group. Likewise, a study in rowers41 found that a six-day heavy training camp negatively
affected perceived fatigue and sleep quality but not the levels of general stress. This might be explained as increases in
stress values related to training volume need longer periods
to be affected.41
Finally, it is important to consider the variability of the
responses among swimmers. Although most swimmers decreased their shoulder physical qualities and wellness factors at follow-up, the responses were varied (Figures 1 and
2). Therefore, these finding further support the individual
monitoring and management of training loads in competitive swimmers.
LIMITATIONS

This study presents several limitations. First, athletes usually experienced stress from sources other than training
loads, such as academic, social, lifestyle, and athlete coachrelationship. Some of these factors could have also influenced the changes found in physical and wellness factors.
Second, the monitoring period was short (one week) and
does not reflect the long-term adaptations of the swimmers
to training loads. Third, participants were assigned to each

group by convenience and availability. Although this could
have affected the baseline symmetry between groups due
to confounding factors, the baseline characteristics were
similar between groups. Fourth, the intensity and volume
of the follow-up session could have influenced how swimmers recalled the single weekly report of RPE (e.g., a hard
follow-up session could have led to a greater weekly RPE
value). Despite this, the participants consistently reported
higher weekly RPE values at the end of the week than during
the week, weaken this assumption. Fifth, the age range of
the participants (12-21 years) may have affected the results
as maturational age can influence the response to training.42 Although the age frequency and average were similar
between groups, it is not possible to determine biological
maturation based on chronological age.42 Thus, how many
swimmers in each group had reached or not reached biological maturation is unknown. Despite this, the age range
of the participants can be also a strength as it represents
the most common age in swimming squads (adolescents
and young adults). Lastly, only the average of the results
was calculated, which does not represent the individual responses to training encountered by each swimmer. Future
research performing repeated measurements should investigate prospectively the individual changes in physical and
wellness factors and examine how they are related to the
development of shoulder pain in swimmers. Furthermore, it
would be important to understand how long these factors
take to recover after the stress induced by training loads.

CONCLUSIONS
The accumulation of training loads over a week negatively
affected shoulder ER ROM and wellness factors (self-reported muscular soreness, fatigue, and sleep quality) in
swimmers. Considering that shoulder ER ROM is a potential
risk factor for shoulder pain and wellness factors have been
associated with overtraining in swimmers, their regular
monitoring might be necessary. This can potentially help
to identify swimmers at greater risk of shoulder injury and
overtraining. Regarding swim-volume, only the perception
of training loads was different between groups. This shows
that, although performing higher swim-volumes was perceived as harder, this did not reflect significant differences
in general wellness and shoulder physical qualities between
groups. The regular monitoring of subjective wellness along
with objective physical qualities to assess swimmers’ response to the accumulation of training loads might be necessary.

CONFLICTS OF INTEREST

None
Submitted: June 09, 2021 CST, Accepted: September 21, 2021
CST

International Journal of Sports Physical Therapy

Cumulative Effects of a Week’s Training Loads on Shoulder Physical Qualities and Wellness in Competitive Swimmers

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://creativecommons.org/licenses/by-nc/4.0/legalcode for more information.

International Journal of Sports Physical Therapy

Cumulative Effects of a Week’s Training Loads on Shoulder Physical Qualities and Wellness in Competitive Swimmers

REFERENCES
1. Bittencourt NFN, Meeuwisse WH, Mendonça LD,
Nettel-Aguirre A, Ocarino JM, Fonseca ST. Complex
systems approach for sports injuries: moving from
risk factor identification to injury pattern
recognition—narrative review and new concept. Br J
Sports Med. 2016;50(21):1309-1314. doi:10.1136/bjsp
orts-2015-095850
2. Pink MM, Tibone JE. The painful shoulder in the
swimming athlete. Orthop Clinics N Am.
2000;31(2):247-261. doi:10.1016/S0030-5898(05)7014
5-0
3. Chase KI, Caine DJ, Goodwin BJ, Whitehead JR,
Romanick MA. A prospective study of injury affecting
competitive collegiate swimmers. Res Sports Med.
2013;21(2):111-123. doi:10.1080/15438627.2012.7572
24
4. Sein ML, Walton J, Linklater J, et al. Shoulder pain
in elite swimmers: primarily due to swim-volumeinduced supraspinatus tendinopathy. Br J Sports Med.
2010;44(2):105-113. doi:10.1136/bjsm.2008.047282
5. Gaunt T, Maffulli N. Soothing suffering swimmers:
a systematic review of the epidemiology, diagnosis,
treatment and rehabilitation of musculoskeletal
injuries in competitive swimmers. Br Med Bull.
2012;103(1):45-88. doi:10.1093/bmb/ldr039
6. Feijen S, Tate A, Kuppens K, Claes A, Struyf F.
Swim-training volume and shoulder pain across the
life span of the competitive swimmer: A systematic
review. J Athl Train. 2020;55(1):32-41. doi:10.4085/10
62-6050-439-18
7. Higson E, Herrington L, Butler C, Horsley I. The
short-term effect of swimming training load on
shoulder rotational range of motion, shoulder joint
position sense and pectoralis minor length. Shoulder
& Elbow. 2018;10(4):285-291. doi:10.1177/175857321
8773539

10. Hill L, Collins M, Posthumus M. Risk factors for
shoulder pain and injury in swimmers: a critical
systematic review. Phys Sportsmed.
2015;43(4):412-420. doi:10.1080/00913847.2015.1077
097
11. O’Connor PJ, Morgan WP, Raglin JS, Barksdale
CM, Kalin NH. Mood state and salivary cortisol levels
following overtraining in female swimmers.
Psychoneuroendocrinology. 1989;14(4):303-310. doi:1
0.1016/0306-4530(89)90032-2
12. Taylor SR, Rogers GG, Driver HS. Effects of
training volume on sleep, psychological, and selected
physiological profiles of elite female swimmers: Med
Sci Sports Exer. 1997;29(5):688-693. doi:10.1097/0000
5768-199705000-00016
13. Morgan WP, Costill DL, Flynn MG, Raglin JS,
O’connor PJ. Mood disturbance following increased
training in swimmers. Med Sci Sports Exer.
1988;20(4):408-414.
14. O’Connor PJ, Morgan WP, Raglin JS.
Psychobiologic effects of 3 d of increased training in
female and male swimmers. Med Sci Sport Exer.
1991;23(9):1055-1061.
15. Tomar R, Allen JA. The relationship of training
parameters with incidence of injury, sleep and
wellbeing of young university swimmers. Int J Pharm
Res Allied Sci. 2019;8(3):47-60.
16. Hooper SL, Mackinnon LT, Howard A, Gordon RD,
Bachmann AW. Markers for monitoring overtraining
and recovery. Med Sci Sports Exer.
1995;27(1):106-112.
17. Hamlin MJ, Wilkes D, Elliot CA, Lizamore CA,
Kathiravel Y. Monitoring training loads and perceived
stress in young elite university athletes. Front Physiol.
2019;10:34. doi:10.3389/fphys.2019.00034

8. Matthews MJ, Green D, Matthews H, Swanwick E.
The effects of swimming fatigue on shoulder
strength, range of motion, joint control, and
performance in swimmers. Phys Ther Sport.
2017;23:118-122. doi:10.1016/j.ptsp.2016.08.011

18. Laux P, Krumm B, Diers M, Flor H.
Recovery–stress balance and injury risk in
professional football players: a prospective study. J
Sports Sci. 2015;33(20):2140-2148. doi:10.1080/02640
414.2015.1064538

9. Yoma M, Herrington L, Mackenzie TA, Almond TA.
Training intensity and shoulder musculoskeletal
physical quality responses in competitive swimmers. J
Athl Train. 2021;56(1):54-63. doi:10.4085/1062-605
0-0357.19

19. Watson A, Brickson S, Brooks A, Dunn W.
Subjective well-being and training load predict inseason injury and illness risk in female youth soccer
players. Br J Sports Med; London. 2017;51(3). doi:10.1
136/bjsports-2016-096584

International Journal of Sports Physical Therapy

Cumulative Effects of a Week’s Training Loads on Shoulder Physical Qualities and Wellness in Competitive Swimmers

20. Mountjoy M, Junge A, Alonso JM, et al. Consensus
statement on the methodology of injury and illness
surveillance in FINA (aquatic sports). Br J Sports Med.
2016;50(10):590-596. doi:10.1136/bjsports-2015-0956
86
21. Soligard T, Schwellnus M, Alonso J-M, et al. How
much is too much? (Part 1) International Olympic
Committee consensus statement on load in sport and
risk of injury. Br J Sports Med. 2016;50(17):1030-1041.
doi:10.1136/bjsports-2016-096581
22. Saw AE, Main LC, Gastin PB. Monitoring the
athlete training response: subjective self-reported
measures trump commonly used objective measures:
a systematic review. Br J Sports Med.
2016;50(5):281-291. doi:10.1136/bjsports-2015-09475
8
23. Melian A, Laguarta S, Varillas D. Reliability and
concurrent validity of the goniometer-pro app vs a
universal goniometer in determining passive flexion
of knee. Int J Comput Appl. 2017;173:30-34. doi:10.51
20/ijca2017915229
24. Furness J, Johnstone S, Hing W, Abbott A,
Climstein M. Assessment of shoulder active range of
motion in prone versus supine: a reliability and
concurrent validity study. Physiother Theory Pract.
2015;31(7):489-495. doi:10.3109/09593985.2015.1027
070
25. Stark T, Walker B, Phillips J, Fejer R, Beck R.
Hand-held dynamometry correlation with the gold
standard isokinetic dynamometry: a systematic
review. PM R. 2011;3(5):472-479. doi:10.1016/
j.pmrj.2010.10.025
26. Holt KL, Raper DP, Boettcher CE, Waddington GS,
Drew MK. Hand-held dynamometry strength
measures for internal and external rotation
demonstrate superior reliability, lower minimal
detectable change and higher correlation to isokinetic
dynamometry than externally-fixed dynamometry of
the shoulder. Phys Ther Sport. 2016;21:75-81. doi:10.1
016/j.ptsp.2016.07.001
27. Clemente FM, Mendes B, Bredt S da GT, et al.
Perceived training load, muscle soreness, stress,
fatigue, and sleep quality in professional basketball: a
full season study. J Hum Kinet. 2019;67(1):199-207. do
i:10.2478/hukin-2019-0002
28. Malone S, Owen A, Newton M, et al. Wellbeing
perception and the impact on external training
output among elite soccer players. J Sci Med Sport;
Belconnen. 2018;21(1):29-34. doi:10.1016/j.jsams.201
7.03.019

29. Mcgahan J, Burns C, Lacey S, Gabbett T, O’Neill C.
Relationship between load and readiness to train in
Gaelic football pre-competition training camp. J Aust
Stength Cond. 2018;27(1):28-35.
30. Nobari H, Aquino R, Clemente FM, Khalafi M,
Adsuar JC, Pérez-Gómez J. Description of acute and
chronic load, training monotony and strain over a
season and its relationships with well-being status: A
study in elite under-16 soccer players. Physiology &
Behavior. 2020;225:113117. doi:10.1016/j.physbeh.20
20.113117
31. Rabbani A, Clemente FM, Kargarfard M, Chamari
K. Match fatigue time-course assessment over four
days: usefulness of the Hooper Index and heart rate
variability in professional soccer players. Front
Physiol. 2019;10:109. doi:10.3389/fphys.2019.00109
32. Foster C, Florhaug JA, Franklin J, et al. A new
approach to monitoring exercise training. J Strength
Cond Res. 2001;15(1):109-115.
33. Phibbs PJ, Roe G, Jones B, et al. Validity of daily
and weekly self-reported training load measures in
adolescent athletes. J Strength Cond Res.
2017;31(4):1121-1126. doi:10.1519/JSC.00000000000
01708
34. Cohen J. Statistical Power Analysis for the
Behavioral Sciences. 2nd ed. Hillsdale, N.J.: L. Erlbaum
Associates; 1988.
35. Walker H, Gabbe B, Wajswelner H, Blanch P,
Bennell K. Shoulder pain in swimmers: A 12-month
prospective cohort study of incidence and risk factors.
Phys Ther Sport. 2012;13(4):243-249. doi:10.1016/j.pt
sp.2012.01.001
36. Beach ML, Whitney SL, Dickoff-Hoffman SA.
Relationship of shoulder flexibility, strength, and
endurance to shoulder pain in competitive swimmers.
J Orthop Sports Phys Ther. 1992;16(6):262-268. doi:1
0.2519/jospt.1992.16.6.262
37. Feijen S, Struyf T, Kuppens K, Tate A, Struyf F.
Prediction of shoulder pain in youth competitive
swimmers: the development and internal validation
of a prognostic prediction model. Am J Sports Med.
2021;49(1):154-161. doi:10.1177/0363546520969913
38. Tate A, Sarver J, DiPaola L, Yim J, Paul R, Thomas
SJ. Changes in clinical measures and tissue
adaptations in collegiate swimmers across a
competitive season. J Shoulder Elbow Surg.
2020;29(11):2375-2384. doi:10.1016/j.jse.2020.03.028
39. Andersen MB, Williams JM. A model of stress and
athletic injury: prediction and prevention. J Sport Exer
Psychol. 1988;10(3):294-306. doi:10.1123/jsep.10.3.29
4

International Journal of Sports Physical Therapy

Cumulative Effects of a Week’s Training Loads on Shoulder Physical Qualities and Wellness in Competitive Swimmers

40. Meeusen R, Duclos M, Foster C, et al. Prevention,
diagnosis and treatment of the overtraining
syndrome: Joint consensus statement of the
European College of Sport Science (ECSS) and the
American College of Sports Medicine (ACSM). Eur J
Sport Sci. 2013;13(1):1-24. doi:10.1080/17461391.201
2.730061

41. Jürimäe J, Mäestu J, Purge P, Jürimäe T. Changes
in stress and recovery after heavy training in rowers. J
Sci Med Sport. 2004;7(3):335-339. doi:10.1016/S144
0-2440(04)80028-8
42. Lloyd RS, Oliver JL, Faigenbaum AD, Myer GD, De
Ste Croix MBA. Chronological age vs. biological
maturation: implications for exercise programming in
youth. J Strength Cond Res. 2014;28(5):1454-1464. do
i:10.1519/JSC.0000000000000391

International Journal of Sports Physical Therapy

