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Background

There are 2.8 million youth competitive swimmers in the United States (US), and
shoulder pain is the most common complaint among swimmers.

Purpose

To determine prevalence of shoulder pain, disability, and dissatisfaction in youth
competitive swimmers. A secondary purpose was to determine influence of age,
competitive swimming experience, and previous history of shoulder pain or injury on
shoulder pain, disability, and dissatisfaction, and finally to determine if sex, geographic
area, and participation in a second sport relate to shoulder pain, disability, and
dissatisfaction.

Study Design

Multi-site cross-sectional design

Methods

Six-hundred and seventy-one swimmers aged 9-17 years from six states in the US
completed surveys which included demographics, the Penn Shoulder Score (PSS), and the
Disability of Arm Shoulder Hand (DASH) Sports. Independent t-tests were used to
compare pain, disability, dissatisfaction, the influence of age, sex, participation in second
sport, geographic region, and history of shoulder pain. Linear regression analyses were
performed to determine the interaction of these variables with reported pain and
disability.

Results

Forty-nine percent of swimmers had shoulder symptoms. Greater shoulder pain and
disability were reported in 15 to 17-year-olds compared to 9 to 10-year-olds (pain and
disability: p<0.001), in swimmers with greater versus less years of experience (pain and
disability: p<0.001), and in swimmers from eastern versus western states (pain: p=0.001,
disability: p=0.0014). Swimmers not participating in a second sport had higher shoulder
dissatisfaction (p=0.002). History of prior shoulder pain/traumatic injury was the best
indicator of increased pain, disability, and dissatisfaction (p<0.001).

Conclusion

Almost half of swimmers surveyed had shoulder pain, with a higher prevalence found in
older age groups, those with greater experience, and in those with prior shoulder pain or
traumatic injury. Further research should investigate shoulder pain prevention programs,

a Corresponding author:
Brian D. Stirling, Stanford Health Care,
Redwood City, CA 94063 United States
Telephone number: +1 (609) 273-2257

Email address: stirlingdpt@gmail.com


https://doi.org/10.26603/001c.121114
mailto:stirlingdpt@gmail.com
https://doi.org/10.26603/001c.121114

Shoulder Pain in Competitive Swimmers: A Multi-Site Survey Study

and surveillance methods are recommended to identify symptomatic swimmers who may
benefit from referral to prevent further pain and disability.

Level of Evidence
11

INTRODUCTION

Swimming is a popular form of exercise both recreationally
and competitively. A 2021 survey revealed that there were
2.8 million people aged six years and older competing on
a swim team in the United States (US).! The non-weight
bearing nature of the sport may lead people to believe that
it is safe for joints. While this may be true for the recre-
ational swimmer, elite swimmers may swim up to 14,000
meters and undergo 2,500 shoulder revolutions per day,2
with competitive swimmers practicing five to seven days
per week, sometimes twice daily.3 It is therefore not sur-
prising that shoulder pain is the most common orthopedic
complaint in swimmers. A majority of high school compet-
itive swimmers in one study believed that shoulder pain
is normal, with 47% of this group reporting that they take
pain medication regularly to manage their shoulder symp-
toms.*

The most recent wide-scale study reporting the preva-
lence of shoulder pain in youth swimmers in the US was
published by McMaster and Troup in 1993,5 who collected
over 1,000 survey responses from swimmers aged 13-16
years who were selected for participation in USA Swim-
ming-sponsored national training camps. The authors de-
fined shoulder pain as pain that interfered with training or
progress in training and reported that 9-26% of the swim-
mers were currently experiencing pain and 38-67% re-
ported a history of shoulder pain.> Furthermore, the more
years of competitive experience the swimmers had, the
more likely they were to experience shoulder pain.5 To date,
there has not been another study from a diverse sample re-
porting on the prevalence of pain and disability in youth
swimmers in the US, thereby accounting for possible
changes in training over the past three decades.

Recent studies reporting prevalence of shoulder pain in
youth competitive swimmers have been smaller in scale and
limited to a single geographical region. An Australian study
published in 2010 with 90 swimmers aged 13-25 years re-
ported a pain prevalence of 91%.% An Italian study revealed
that in a cohort of 197 swimmers aged 12-20 years, 51%
reported shoulder pain within the prior 12 months.” A US
study of female swimmers aged 8-77 years found that
18.6-22.6% reported significant pain and disability.3 Al-
though definitions of pain and disability vary among these
studies, it appears that there are differences in rates of
shoulder pain across geographical regions and age-groups.

Several risk factors for shoulder pain have been identi-
fied in the literature. Tate et al. found that youth swimmers
with shoulder pain, disability, and dissatisfaction reported
a greater history of shoulder trauma, had greater years of
competitive swimming experience, and had less participa-
tion in another sport compared to their less symptomatic
counterparts.3 However, this study included only female

swimmers from a single geographical region of the US.3
Since female youth competitive swimmers have reported a
higher prevalence of shoulder pain than males’ and train-
ing practices can differ across geographical regions, a wide-
scale study including males and females across different
geographical regions of the US would provide more gener-
alizable data to identify swimmers at risk for shoulder pain
and disability who may ultimately benefit from a preven-
tion or intervention program.

Due to the paucity of large-scale studies identifying
symptoms in competitive swimmers, the primary purpose
of this study was to determine the prevalence of shoulder
pain, disability, and dissatisfaction with current level of
function of the shoulders in youth competitive swimmers
aged 9-17 years over a diverse geographical area of the US.
Additional aims of this study were: (1) to determine the in-
fluence of age, competitive swimming experience, and pre-
vious history of shoulder pain that interfered with practice/
competition or traumatic injury on shoulder pain, disabil-
ity, and dissatisfaction, and (2) to determine if differences
in sex, geographic area, and participation in a second sport
relate to reported shoulder pain, disability, and dissatisfac-
tion.

METHODS

DESIGN
A multi-site cross-sectional survey design was used.

PARTICIPANTS

YMCA or USA club swimming association teams and their
swimmers in the following age groups were recruited for
the study: 9 to 10 years-old, 11 to 12 years-old, 13 to 14
years-old, and 15 to 17 years-old. Parents/guardians and
swimmers were invited to participate through an informa-
tion sheet explaining the study and provided informed con-
sent/assent. This study was approved by both the University
of Southern California Institutional Review Board and the
Arcadia University Institutional Review Board.

SURVEYS

Parents/guardians and swimmers completed a swimmer
survey and coaches completed a coach survey developed by
the authors as part of a larger study. The results of the
swimmer surveys collected between 2015 and 2018 are pre-
sented in this manuscript. The swimmer survey requested
anthropomorphic data including age, sex, height, weight,
and swimming and training data including competitive age-
group, primary stroke, years of competitive swimming par-
ticipation, months per year of swimming, and participation
in other sports. In addition, components of the Penn Shoul-
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der Score (PSS) and the Disability of Arm Shoulder Hand
(DASH) Sports were used for self-reported outcome mea-
sures. The satisfaction and pain sections of the PSS were
used to rate swimmers’ satisfaction from 0-10, with 0 being
not satisfied and 10 being fully satisfied with current shoul-
der function, as well as for pain at rest, with normal activ-
ity, and with strenuous activity on a numeric pain rating
scale from 0-10, with 0 being no pain.® The term “dissatis-
faction” is used in this manuscript instead of “satisfaction”
to enhance readability and is defined as a lower Penn sat-
isfaction score. The DASH Sports was used to assess swim-
ming-related disability with a score range of 4-20 points, 4
equating to having no difficulty with physical ability related
to swimming and 20 equating to being unable to perform
swimming tasks.?

Swimmers were also asked to describe any current symp-
toms they may have had using one of five options as de-
scribed by Neer and Welsh: Phase 0, no pain or shoulder
symptoms; Phase I, pain/ache only after heavy workouts;
Phase II, pain/ache (not disabling) during and after work-
outs; Phase III, disabling pain during and after workouts
that interferes with athletic performance; and Phase IV,
shoulder pain preventing competitive sport participation.19
These surveys were administered during high training vol-
umes of each team’s season, as confirmed by the team’s
head coach. Surveys were given either in-person using pa-
per format or electronically using online format. The online
format was administered via the RedCap database manage-
ment system and was identical in content to the paper for-
mat. The head coach of the team distributed the paper form
or a link to the online survey via email to the parents of the
team members who provided consent. Participants had one
week to complete the survey after receiving it.

DATA ANALYSIS

Participants were divided into four age-groups based on
their competitive level: Group 1 = 9 to 10 years, Group 2 =
11 to 12 years, Group 3 = 13 to 14 years, and Group 4 = 15
to 17 years. Years of competitive swimming experience were
divided into three groups based on the sample interquar-
tile range: 0-25% labeled as least experienced, 26-74% la-
beled as moderately experienced, and 75-100% labeled as
most experienced. An athlete was identified as having a his-
tory of shoulder pain if they indicated previous pain that
interfered with competition or practice or if they had ever
sustained a traumatic shoulder injury. Geographic region of
the swimming team was divided into two groups: West in-
cluded swimmers in Arizona and California, and East in-
cluded swimmers in Florida, New Jersey, Pennsylvania, and
Vermont.

Shoulder pain, disability, and dissatisfaction were re-
ported for each age-group. ANOVAs with multiple post-
hoc comparisons were performed to determine the effect of
age-groups and percentiles of years of competitive swim-
ming experience on shoulder pain, disability, and dissatis-
faction in swimmers.

Independent t-tests were used to report mean differ-
ences in pain (PSS Pain Subscale individual items, PSS Pain
total), disability (DASH Sports total), and dissatisfaction

comparing sex (male vs female), participation in a second
sport (yes vs no), geographic region (West vs East) and pres-
ence of a history of pain or injury (yes vs no).

Two separate linear regression analyses were performed
to determine how age, sex, geographic area, participation
in a second sport and prior pain or injury explained vari-
ability in pain (PSS Pain total) and disability (DASH Sports
total). Independent variables were entered into the model
using forward progression, with an entry criterion of 0.05
and exclusion criterion of 0.10.

Significance was set to 0.05 for all tests except those
indicating a Bonferroni correction when multiple compar-
isons were warranted. These values are included in their re-
spective tables. Bonferroni corrections were used first dur-
ing multiple comparisons for data considering age-group
and then for data considering the competitive experience of
the athlete in an interquartile range. All statistical analyses
were performed using SPSS (IBM, Armonk, NY).

RESULTS

Surveys were collected from 671 swimmers between the
ages of 9 and 17 years old from YMCA and USA club swim-
ming association teams from Arizona, California, Florida,
New Jersey, Pennsylvania, and Vermont. Some swimmers
did not fully complete their surveys; therefore the N of
each measure differed slightly. As such, the authors were
able to identify sex in 631 surveys (254 males [40.3%], 377
females [59.70%]), geographic region in 594 surveys (477
West [70.2%], 117 East [29.80%])) and participation in a sec-
ond sport in 666 surveys (234 answered yes [35.1%]). Table
1 contains descriptive statistics of participants, Penn pain
and satisfaction ratings, and DASH Sports ratings.

The figures represent descriptives of the prevalence of
shoulder pain (Figure 1), swimmers per age group report a
history of shoulder pain (Figure 2) and if they have shoulder
pain today (Figure 3). Tables 2, 3 and 4 report the effects
of age and swimming experience, sex, geographic area and
other sports participation on reports of shoulder pain, dis-
ability and dissatisfaction with the use of their shoulder.
Table 5 reports the effects prior pain or injury on shoulder
pain, disability and dissatisfaction with shoulder use.

DISCUSSION

The purposes of this study were to (1) determine the preva-
lence of shoulder pain, disability, and dissatisfaction in
youth competitive swimmers, (2) determine the influence
of age, competitive swimming experience, and previous his-
tory of shoulder pain or injury on shoulder pain, disability,
and dissatisfaction, and (3) determine if sex, geographic
area, and participation in a second sport relate to shoulder
pain, disability, and dissatisfaction. To the authors’ knowl-
edge, this is the first large scale survey study involving
youth competitive swimmers in the US since the McMaster
and Troup study in 1993, in which the authors reported a
current shoulder pain prevalence of 10% in 13 to 14-year-
old swimmers and 13% in 15 to 16-year-old swimmers.> By
comparison in the current study, the percentage of swim-
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Table 1. Swimmers’ descriptive statistics for demographics, pain, and disability

Demographics Mean + SD
Sex

Male 40.30%
Female 59.70%
Geographic Area

(Western United States)# 70.20%
(Eastern United States)” 29.8%
Age (yrs) 135+0.5
Competitive Swimming (yrs) 58+28
Penn Shoulder Score - Pain and Dissatisfaction Sections (0 - 10, 0 = No Pain)

Pain at Rest 0.3+£0.9
Pain with Normal Activities (eating, bathing, dressing) 05+1.1
Pain with Strenuous Activities (sports, reaching, lifting) 1.7+23
Pain Total (0-30, 0 = Worst Pain) 27.5+3.9
Dissatisfaction with Shoulder Use (0-10, O = Not Satisfied/Dissatisfied) 8.5%25
DASH Sports - Swimming-Related Disability (1-5, 1 = No Difficulty)

Usual Technique (Q1) 1.3+0.6
Swimming Due to Pain (Q2) 1.3+0.7
Swimming Performance (Q3) 1.5+0.8
Time Practicing (Q4) 1.3+0.7
Total Score (4-20, 4 = No Difficulty) 53+23

# Includes Arizona and California and * includes Florida, New Jersey, Pennsylvania, and Vermont.

(4) "Disabling pain" (5) "Prevents competitive
16(2%) participation"
4(1%)

(3) "During/after workouts"
119(18%)

(1) "None"
327(51%)

(2) "Only after heavy workouts"
178(28%)

Figure 1. Swimmers’ self-report of shoulder symptoms according to Neer and Welsh survey format showing n
number of swimmers who selected the response followed by percentage of total who chose selected response
rounded to nearest whole number.

mers who reported having current symptoms was 21.3% of to 10-year-olds and 11 to 12-year-olds, so direct compar-
13 to 14-year-old swimmers and 28.1% of 15 to 17-year-old isons cannot be made for these age groups.> Possible rea-
swimmers. McMaster and Troup did not collect data on 9  sons for the higher percentage of swimmers with symptoms
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Figure 2. History of pain interfering with competition or practice given as percentage and number of swimmers

in each age-group.

80

28.1%

70

21.30%

20

10

7.7%

9-10 yrs 11-12 yrs

Age-group

13-14 yrs 15-17 yrs

Figure 3. The number of swimmers who responded “Yes” to the question “Do you have pain today?” with the

percentage of swimmers per age group above each bar.

in the current study may include differences in swimming
yardage, years of training, dryland training, and the exclu-
sion of 17-year-olds from the 1993 study; however, data is
not available for comparison thereby firm conclusions can-
not be made.5

When swimmers were asked if they had ever experienced
shoulder pain interfering with practice or competition,

47.4% of the 13 to 14-year-old swimmers and 55.5% of the
15 to 17-year-old swimmers answered “yes”. This finding
is similar to McMaster and Troup’s report of 46.5% of 13
to 14-year-old swimmers reporting a history of interfer-
ing shoulder pain.> However, McMaster and Troup reported
65.5% of their 15 to 16-year-old group having a history of
interfering shoulder pain, which is higher than the current
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study’s report of 55.5%.5 This may be due to the higher
level of competition in the 1993 study participants as a
subgroup of the swimmers in that prior study were invited
to participate in US national training camps.> The current
study invited swimmers of all levels within their age-groups
to participate, regardless of competitive level.

PAIN, DISABILITY, AND DISSATISFACTION

As Table 1 depicts, the overall mean ratings of pain, dis-
ability, and dissatisfaction are relatively low, but about one-
fifth of swimmers reported some amount of swimming
shoulder-related disability. When swimmers were asked if
shoulder pain impacted their swimming, 49% of swimmers
surveyed reported having shoulder symptoms that im-
pacted their swimming. While most swimmers reported
pain/ache Phase I, only after heavy workouts (27.6%) and
Phase II, during/after workouts (not disabling) (18.5%), a
smaller percentage of swimmers reported Phase III, dis-
abling pain during/after workouts (2.5%) and Phase IV, that
prevents competitive participation (0.6%), as can be seen in
Figure 1. For comparison, Bak and Faung found values of

20% for Phase I, 59% for Phase II, 18% for Phase III, and 2%
for Phase IV in a group of 36 swimmers from Denmark with
histories of shoulder pain with a mean age of 17.1! Females
made up 61% of their study participants and 36% were Na-
tional team members.1! Since subjects in that prior study
were recruited based on reporting a history of shoulder
pain, had older mean ages, and greater than one third com-
peted at the national level, it may be reasonable to expect
that swimmers in the Bak and Faung study reported higher
percentages of disabling and non-disabling pain during/af-
ter workouts, as well as pain that prevented participation.!!
Nonetheless, the findings of the current study support the
concern that reported pain after and during workouts is be-
ing experienced by swimmers in the US. Bak and Faung rec-
ommended that swimmers be classified into these phases of
disability so proper interventions can be made to prevent
progression into the subsequent phase.!! Furthermore, the
current authors suggest that interventions such as stroke
correction, yardage moderation and guidelines, and reha-
bilitation/training programs, addressing swimmer-specific
impairments should be studied to determine their efficacy
in reducing symptom and disability progression.

Table 2. Age effects on shoulder pain, disability, and dissatisfaction

Age-Group Comparison

Descriptive Statistics Mean + SD
Measure 9-10yrs 11-12yrs 13-14 yrs 15-17 yrs
N 91 142 176 257
Male, N (%) 37(42.5) 53(39.3) 65(38.7) 97 (40.6)
Female, N (%) 54(57.5) 89 (60.7) 111 (61.3) 160 (59.4)
Competitive Experience (yrs) 35+1.6 44+20 55+24 75+28
DASH-Sports Total
(4-20,4 = No Difficulty) 45+14 47+1.6 54+21 59+26
Penn Pain Total
(0-30, 30 = No Pain) 28.9+3.6 28.5+3.0 27.3+3.7 26.6+4.2
Penn Dissatisfaction with Shoulder Use
(0-10, 0 = Not Satisfied/Dissatisfied) 9.1+24 9.0+25 8.2+26 8.3+24
Group Comparisons Mean Difference (95% Cl),
p-value
9-10yrs vs. 9-10yrs vs. 9-10yrs vs.
Measure 11-12yrs 13-14 yrs 15-17 yrs
DASH-Sports Total -0.3(-1.1,0.6), -1.0(-1.8,-0.2), -1.4(-2.2,-0.6),
(4-20, 4 = No Difficulty) 1.000 0.004* <0.001*
Penn Pain Total 0.3(-1.0,1.7), 1.6(0.3,2.8), 2.3(1.1,3.5),
(0-30, 30 = No Pain) 1.000 0.008* <0.001*
Penn Dissatisfaction with Shoulder Use 0.1(-0.8,1.0), 1.0(0.1,1.8), 0.9(0.1,1.7),
(0-10, 0 = Not Satisfied/Dissatisfied) 1.000 0.020 0.022
11-12yrsvs. 11-12yrsvs. 13-14 yrs vs.
13-14 yrs 15-17 yrs 15-17 yrs
DASH-Sports Total -0.8(-1.5,-0.1), -1.1(-1.8,-0.5), -0.4(-1.0,0.2),
(4-20, 4 = No Difficulty) 0.019 <0.001* 0.590
Penn Pain Total 1.2(0.1,2.3), 2.0(1.0,3.0), 0.8(-0.2,1.7),
(0-30, 30 = No Pain) 0.024 <0.001* 0.209
Penn Dissatisfaction with Shoulder Use 0.8(0.1,1.6), 0.8(0.1,1.5), -0.1(-0.7,0.6),
(0-10, 0 = Not Satisfied/Dissatisfied) 0.023 0.023 1.000

*Bonferonni-Adjusted o= 0.017
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Table 3. Competitive swim experience effect on shoulder pain, disability, and dissatisfaction

Descriptive Statistics

Interquartile Range Groups (Mean + SD)

Measure 0-25% 26-74% 75%+

Group Size (N) 252 235 184
Male (N) 108 77 69
Female (N) 144 158 115
Competitive Swim Experience (yrs) 28+1.1 5.9+0.9 94+15
Age (yrs) 12.2+23 134+21 154+ 1.6

DASH-Sports Total

(4-20, 4 = No Difficulty) 48+17 5.6%25 5.6+25

Penn Pain Total

(0-30, 30 = No Pain) 28.3+3.1 27.3+43 27.3+43

Penn Dissatisfaction with Shoulder Use 87+26 84+26 84+26

(0-10, 0 = Not Satisfied/Dissatisfied)

Group Comparisons

Measure

Mean Difference (95% Cl),

p-value

0-25% vs. 26-74%

0-25%vs. 75+%

26-74% vs. 75+%

DASH-Sports Total
(4-20, 4 = No Difficulty)

Penn Pain Total
(0-30, 30 = No Pain)

Penn Dissatisfaction with Shoulder Use
(0-10, 0 = Not Satisfied/Dissatisfied)

-0.8(-1.3,-0.3), -0.8(-1.4,-0.3), 0.0(-0.6,0.5),
0.001* <0.001* 1.000

1.0(0.2,1.8), -1.8(0.9,2.6), 1.0(-0.1,1.7),
0.013* <0.001* 0.134

0.3(-0.2,0.9), 0.3(-0.3,0.9), 0.0(-0.6,0.6),
0.484 0.612 1.000

*Bonferonni-Adjusted o = 0.017

INFLUENCE OF AGE, EXPERIENCE AND HISTORY OF
PRIOR SHOULDER PAIN OR INJURY

In the current study, the percentage of “pain interfering
with competition or practice” increased with each swim-
ming age-group from 11.1% for the 9 to 10-year-olds to
55.5% for the 15 to 17-year-olds, as can be seen in Figure
2. The largest percentage difference between chronological
age-groups was 22.8% between the 11 to 12-year-olds and
13 to 14-year-olds. Figure 3, which displays the number and
percentage of swimmers who had shoulder pain at the time
of the survey, demonstrates the largest percentage differ-
ence, 12.1%, between these age groups as well. This coin-
cides with mean peak height velocity, defined as the pe-
riod when a child experiences the fastest upward growth in
stature,!2 in females at 11 years and males at 13 years,!3
which could explain the large percentage difference in pain
found in this sample of swimmers. Increased training vol-
ume occurring near the time of peak height velocity can in-
crease likelihood of injury,!4 a phenomenon which has also
been demonstrated in youth soccer players.!> With changes
in body size, muscle mass, and maturation of the neuro-
muscular system, an athlete’s performance may improve
naturally without specific intervention.1® In youth compet-
itive swimmers, significant improvement in performance
over the course of one year was shown to be strongly cor-
related with anthropomorphic changes while biomechan-
ical variables remained relatively unchanged.l” However,
shortly after a growth spurt, there is rapid longitudinal
growth in bone with a delay of muscle length growth that
leads to relatively rapid muscle lengthening and increases
in resting tension of muscles, which limits overall amount

of force production and reduces neuromuscular control.1®
Therefore, it may be important for swimming coaches to
consider sudden or recent developmental skeletal growth
when implementing and executing swim training programs
to mitigate potential risk for injury.

While the chronological age of the swimmer in the cur-
rent study was related to shoulder pain, the years of com-
petitive swimming experience is another factor that might
affect a swimmer’s shoulder pain, disability, and dissatis-
faction. The results demonstrate that pain and disability in-
crease with age and years of competitive swimming experi-
ence. Specifically, 15 to 17-year-olds had significantly more
pain and disability than 11 to 12-year-olds. Moreover, 13 to
14-year-olds and 15 to 17-year-olds had significantly more
pain and disability than 9 to 10-year-olds. Likewise, moder-
ately to most experienced swimmers had significantly more
pain and disability than less experienced swimmers, which
show that pain and disability may evolve over time and with
a cumulative volume of training. Consistent with Tate et
al., despite only collecting data on females, swimmers also
reported increased pain, disability, and dissatisfaction with
more competitive experience.? Using ultrasound imaging,
Dischler et al. demonstrated that years of swimming par-
ticipation were directly associated with supraspinatus ten-
don thickening and declining function using the Western
Ontario Rotator Cuff score.!8 Another study of swimmers
utilized MRI to demonstrate a direct positive correlation
between supraspinatus tendon thickening and tendinopa-
thy with years of experience and volume of training.® With
these previous swimming studies detailing progressive
pain, disability, and morphological tendon changes as vol-
ume and experience increase, care must be taken when de-
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Table 4. Sex, geographic area, and other sport participation effects on shoulder pain, disability, and
dissatisfaction

Measure Category (Mean * SD) MD (95%Cl) p-value
Sex
Male Female
DASH-Sports Total 52420 54424 -0.2(-0.7,0.1) 0.145

(4-20, 4 = No Difficulty)
Penn Pain Total
(0-30, 0 = Worst Pain) 27.7+35 27.3+4.1 0.4(-0.2,1.0) 0.229

Penn Dissatisfaction with Shoulder Use

(0-10, 0 = Not Satisfied/Dissatisfied) 8.7+23 84+26 0.3(-0.1,0.7) 0.208
Geographic Area
West# East”
DASH-Sports Total N
(4-20, 4 = No Difficulty) 52+2.1 59+27 -0.7(-1.2,-0.2) 0.001
Penn Pain Total N
(0-30,0 = Worst Pain) 27.7+4.3 26.8+4.3 0.9(0.2,1.6) 0.014
Penn Dissatisfaction with Shoulder Use 84+27 83423 0.1(-0.3,0.6) 0.415

(0-10, 0 = Not Satisfied/Dissatisfied)

Participation in Other Sport

Yes No
DASH-Sports Total
(4-20, 4 = No Difficulty) 51+21 55+24 -0.4(-0.7,0.1) 0.102
Penn Pain Total
(0-30,0 = Worst Pain) 27.7+3.8 27.3+40 0.4(-0.3,0.9) 0.318
Penn Dissatisfaction with Shoulder Use 89+22 83426 0.6(0.2,1.0) 0.002*

(0-10, 0 = Not Satisfied/Dissatisfied)

* Significance at o = 0.05. Descriptive statistics and comparisons across 3 categorical groups. # Includes Arizona and California and * includes Florida, New Jersey, Pennsylvania, and
Vermont.

Table 5. Regression models for pain, disability, and dissatisfaction

DASH-Sports Total
(4-20, 4 = No Difficulty)

Independent Variable B p-value R2
Prior Pain or Injury (Yes, No) 0.469 <0.001* 0.22
Equation Y=8.799-2.184B

Penn Pain Total
(0-30, 30 = No Pain)

B p-value R2
Prior Pain or Injury (Yes, No) 0.45 <0.001* 0.22
Competitive Experience (Yrs) 0.08 0.029* 0.01

0.23
Equation Y =22.364+3.367B-0.118B2
Penn Dissatisfaction
(0-10, 0 = Not Satisfied)

B p-value R2
Prior Pain or Injury (Yes, No) 0.28 <0.001* 0.075
Equation Y=6.108 + 1.457B

* Significance at o = 0.05. Prior traumatic shoulder injury or prior pain that has interfered with competition/practice explained the most variance in Penn Pain Total, Dissatisfaction,
and the DASH-Sports Total. Competitive experience was only entered as a significant factor into the model for the Penn Pain Total, with a slight contribution.
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signing training programs for more experienced swimmers
to minimize and prevent further shoulder pain and disabil-
ity.

Additionally, the authors suggest that surveillance and
prevention measures should be considered at younger ages
and experience levels to attempt to prevent shoulder dys-
function leading to tissue pathology, which may negatively
impact swimming performance. Longitudinal studies are
needed to determine if there is a long-term consequence
of shoulder pathology in youth on shoulder disability as
adults.

It is important to note that while the findings show sta-
tistically significant differences among groups, the thresh-
old for Minimum Detectable Change (MDC) and Standard
Error of Measurement (SEM) for the PSS and the DASH were
not reached, indicating that the differences are not clini-
cally significant. MDC and SEM values for the Penn Pain
subscale were reported as 5.2 and 3.8, respectively, and the
Penn Satisfaction subscale results were reported as 1.3 and
1.8, respectively.8 For the complete DASH measure, MDC
was reported as 12.8 and SEM as 7.61%; however, clinically
meaningful thresholds for the DASH subscales, such as the
DASH Sports, have not been previously reported. Therefore,
the authors cannot conclude whether the statistically sig-
nificant differences are clinically significant or meaningful.

Reported history of previous shoulder pain that inter-
fered with competition/practice or traumatic injury signif-
icantly predicted higher levels of current pain, sports-re-
lated disability, and dissatisfaction with the use of the
swimmers’ shoulder(s). Additionally, more competitive
years of experience significantly predicted higher levels of
pain. This is consistent with the findings of McMaster &
Troup, who reported that the prevalence of shoulder pain
increased with more participation time in swimming.5
Given the consistency of results, it is advantageous and
beneficial for coaches and clinicians to be aware of any
prior history of shoulder pain or traumatic shoulder injury
in their swimmers, understanding the association of this
with further pain, disability, and dissatisfaction. Effective
interventions should be developed for these at-risk individ-
uals.

INFLUENCE OF SEX, GEOGRAPHIC AREA, AND OTHER
SPORT PARTICIPATION

When comparing the swimmers geographically, significant
differences were identified in reported pain and disability
between Eastern and Western teams, with Eastern teams
reporting greater pain and disability. Further studies should
investigate training methods, including yardage and dry
land training to determine if these vary between the East-
ern and Western regions of the US, which may explain dif-
ferences found in the reported pain and disability findings
in the current study. Interestingly, swimmers who partici-
pated in a second sport reported significantly less dissatis-
faction than swimmers who participated in swimming only.
Evidence of dissatisfaction in sport specialized athletes is
limited, but athletes who participate in a single sport and
a predominantly individual sport like swimming may be
at risk for social isolation, overdependence, burnout, ma-

nipulation, injury, and compromised growth and matura-
tion.20 Thirdly, no significant differences were found in
shoulder pain, disability, or dissatisfaction between male
and female swimmers. This contradicts previous research
findings that female competitive swimmers had a higher
prevalence of pain than males.” More research is needed
to assess whether sex differences in shoulder pain, disabil-
ity, and dissatisfaction exist to raise athletes’ and coaches’
awareness as well as optimize pain prevention strategies.

LIMITATIONS

This study has several limitations. While data were cap-
tured from a broad geographical area in six states, data
from regions in the middle of the country were not repre-
sented, and a majority of the participants were from the
Western region of the US. In addition, surveys were ad-
ministered in two different formats: paper and online. The
online format allowed for survey distribution to more re-
gions, but research personnel were unable to speak in-per-
son to coaches and teams to explain the study, instead re-
lying on coaches to relay information to their teams and
parents. As this research focused on youth across different
ages with various levels of comprehension and understand-
ing, survey response accuracy may be a limitation. Another
limitation was that a direct comparison to McMaster and
Troup® cannot be made since they also studied swimmers
at higher level of competition than the current study with
slightly different age groups. Lastly, while some findings
were statistically significant, the differences did not reach
the thresholds for MDC and SEM, so clinicians should use
caution when integrating these results in their clinical de-
cision-making.

CONCLUSION

This survey study of 671 swimmers from six states identi-
fied the prevalence of shoulder pain, disability, and dissat-
isfaction within the four competitive US swimming youth
age-groups. Forty-nine percent of swimmers surveyed re-
ported having shoulder symptoms that impacted their
swimming. Consistent with prior studies, older swimmers
and those with more years of swimming experience had
a higher prevalence of shoulder pain and disability, and
prior history of shoulder pain or injury was associated with
higher rates of current pain and disability. Participation in
a second sport other than swimming was associated with
increased satisfaction regarding shoulder function. Overall,
the current study adds to the body of evidence related to
factors and risk profiles of youth swimmers across two re-
gions of the US who report increased shoulder pain and
disability. It may guide clinicians and coaches in designing
safe and effective performance and rehabilitation programs
for swimmers.
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