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Abstract

Introduction: Competitive swimmers exert repetitive stress on their bodies and this may contribute to injury
development among these athletes. Prior research has demonstrated high rates of shoulder pathologies in
swimmers, however, to date, the most common swimming-associated diagnoses in adolescent patients have not
been well delineated.

Methods: A retrospective review of our institution’s medical record system was performed to identify pediatric
and adolescent patients who were seen in our clinic for swimming injuries. Following chart review, injury-
related data were then compiled for each patient including aggravating factors, diagnosis, diagnostic workup,
and treatment protocol.

Results: Among our cohort of 90 patients (mean age: 14.4 years) with swimming-related injuries, patellofemoral
dysfunction (17), shoulder impingement (14), and rotator cuff pathology (14) were the most common diagnoses.
Physical therapy was the most regularly prescribed treatment for swimming-associated injuries as well as
rest from swimming and non-steroidal anti-inflammatory drugs. Surgery is rarely indicated for swimming-
associated injuries in this population (5 patients).

Conclusions: Common injury locations for pediatric and adolescent swimmers include the shoulder, knee, and
lower back. Providers should be aware of the common diagnostic evaluation modalities (x-rays and MRI) and

treatment options (physical therapy, rest from swimming) for patients with swimming-associated injuries.

Keywords: overuse; pediatric; sports medicine; shoulder.

INTRODUCTION

Injury prevention in competitive swimming is
critically important to athletes of all ages and abilities.
Swimmers compete in four strokes - freestyle,
backstroke, butterfly, and breaststroke - each of
which put unique demands on athletes’ bodies.
Competitive swimming events range from 50 meters
to 1500 meters in length and can take anywhere from
20 seconds to 20 minutes to complete, depending
on the athlete and the specific event. While athletes
may specialize in any of the four strokes, swimmers
predominantly train by swimming freestyle during

practice sessions as it is the fastest and most efficient
stroke. Swimming training is particularly rigorous
with elite teenage athletes often training 7 or more
practices a week at 6,000-7,000 yards per session
[1]. The repetitive motion of swimming training can
put significant cumulative stress on one’s joints and
may lead to overuse injuries [2-5]. In addition, there
is growing evidence that early sport specialization
predisposes pediatric and adolescent athletes to
increased injury risk and burnout. Early sport
specialization is especially common in swimming as
well other individual-athlete sports such as tennis,
gymnastics, and diving [6].
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Because swimming is not a weight-bearing sport,
the associated injury risks may differ from those
of land-bound sports. Unlike running or bicycling,
much of the power that swimmers generate comes
from the arms [7]. Additionally, factors that increase
performance such as greater range of motion of the
shoulder, increased internal rotation strength and
increased adduction strength may be associated with
instability of the joint [2]. As a result, shoulder injuries
are particularly common among swimmers, with
estimates of the prevalence of shoulder pathology
as high as 91% [3]. It is commonplace in competitive
swimming to continue training despite shoulder pain
and many swimmers believe that this is a normal part
of the sport [1]. In fact, the term “swimmer’s shoulder”
has been used to describe anterior shoulder pain
resulting from rotator cuff tendonitis and subacromial
impingement [8]. Other common sites of injury include
the neck, back, and knee [9-10].

However, while there are data regarding the risk
factors for and prevalence of injuries associated with
competitive swimming, there is limited literature
describing the management of swimming injuries in
the pediatricand adolescent populations; a population
which is susceptible to over-use injuries. The present
study aims to report on the medical work-up, diagnosis
and treatment of swimming-associated pathologies in
youth athletes.

MATERIALS & METHODS
Data Acquisition

This study was a retrospective review of our
institution’s medical record database. We used
Structured Query Language (SQL) code to program
the data extraction from Epic’s Clarity database
(Epic Systems Corporation, Madison, WI). We then
identified 149,188 visits for 36,226 patients to
orthopedic surgeons and sports medicine physicians
at our institution from January 1%, 2016 to June 15%,
2021. We included only patients who were 18 years
of age or younger at the time of the visit and those
who had at least one History and Physical (H&P) or
Progress Note. We extracted 508,825 provider notes.
We then narrowed the set of notes to 12,206 notes
for 4,130 patients that mentioned the words “swim,”
“swimming,” “butterfly,” “backstroke,” “breaststroke,”
“freestyle,” “competitive swim,” “swim team,” or
related terms “water polo” and “diving” We created
indicators for each of these key words to mark in

which notes they occurred. We then excluded notes
that contained phrases that we identified as not
being relevant to the patient’s injury. Examples of
these would be standard “smart texts” often used by
physicians for recommending pool exercise such as
“Begin swimming and closed chain kinetic exercises,”
“Recommendedactivities: swimming,” or “Recommend
low impact activities such as cycling and swimming.”
Other examples were standard smart texts used for
cautioning the patient against certain activities such
as “No hot tubs or swimming.” We excluded patients
with only the positive indicator for the word “swim”
due to the high rate of false hits with that key word. The
final group included for chart review involved 2,943
notes for 920 patients. The Oakland Committee of the
University of California, San Francisco Institutional
Review Board (IRB) approved the project design
prior to data extraction including waiving the need for
informed consent from subjects.

Chart Review

The previously described keywords identified in
association with each patient were searched within
the patients’ charts in order to find the notes from
orthopedic surgeons and sports medicine physicians
that led these patients to be initially included for chart
review. Each note with a keyword was read by the
study authors in order to evaluate the mechanism of
injury for each patient. Patients were included for final
analysisin the study if the injuries thatled them to seek
the care of an orthopedic surgeon or sports medicine
faculty member were directly related to swimming.
Patients were not included when their pathologies
arose from ambiguous causes or when their injuries
were definitively not linked to swimming. Three
hundred ninety-one patients were excluded because
their injuries were caused by sports other than
swimming. Four hundred thirty-nine patients were
excluded because they sought care due to concerns or
injuries not associated with a sport (such as a fracture
from a fall or a scoliosis evaluation).

Patient demographic data including age at the time
of first visit to the orthopedic surgeon or sports
medicine physician and gender were obtained from
provider notes. Physician notes, were used to obtain
information on aggravating factors and/or causes of
the injury as well as the time course of the presenting
problem. Provider notes also contained information
on the location of the injury (classified as upper
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extremity, lower extremity, or other for the purposes of
this study), specific diagnoses given, which diagnostic
testing modalities were employed, and the subsequent
management plan. Patient charts contained data on
whether or not the patient ultimately received surgical
intervention and whether or not the patient was seen
again by the provider to follow-up on the patients’
presenting complaint. These data were catalogued
using REDCap (Research Electronic Data Capture)
database software [11-12].

Analysis

Data analysis was performed using Stata MP 16
analytical software (StataCorp, LLC, College Station,
Texas). Patients were divided into one of three groups
based on the location of their injury: upper extremity,
lower extremity, and other. Mean values for age were

Table 1. Demographics

calculated for the full cohort of patients as well as
each group of injury-specific patient entries. The
distribution of patient gender, injury location, specific
diagnosis, diagnostic workup technique, management
protocol, and follow-up appointments were compiled
as well for each group of injury location-grouped
patients.

RESULTS

Eighty-nine pediatric and adolescent swimmers were
included in our data analysis. One patient sought
care for two swimming-associated injuries, thus we
analyzed 90 patient injuries. Patients were 14.4 years
old (SD: 1.96 years, range: 8-18) on average when they
first sought care. Seventy-three patients were female
(81.1%) with one female patient having two injuries
(Table 1).

Upper extremity Lower extremity Other _
(n=49) (n=27) (m=14) | rotal(n=90)
Gender
Male 10 4 2 16
Female 39 23 12 74
Mean age (standard
deviation) 14.6 (1.4) 13.4 (2.4) 15.7 (1.9) 14.4 (2.0)

Upper Extremity Injuries
Demographics

Forty-nine of the eighty-nine patients included in
the current study sought care for an upper extremity
concern (54.4%). These patients were a mean age of
14.6 years old (SD: 1.39, range: 12-17) and thirty-nine
of the patients were female (79.6%) (Table 1).

Aggravating Factors

A number of aggravating factors (movements that
cause pain) or causes of injury were described by
patients. The most common factors specifically listed
included other overhead activity such as putting on
a shirt or throwing a ball (14/49 patients), a recent
increase in yardage or intensity of swim practices
(9/49 patients), and cross-training or lifting weights
(8/49 patients) (Table 2).

Injury Time Course, Location, and Specific

Diagnoses

Forty-three of the forty-nine injuries (87.8%) were

described by patients as being chronic in nature.
Six injuries were acute in nature (12.2%) (Table
3). Forty-eight of the patients presented to clinic
due to shoulder pathologies (98.0%) with three of
the patients complaining of bilateral shoulder pain
(6.1%), and one patient presented with scapular pain
(2.0%). Many patients received multiple diagnoses
from providers. The most common diagnoses included
impingement (14 patients), rotator cuff tendinopathy
(14 patients), muscle strains (10 patients), shoulder
instability (8 patients), and biceps tendinopathy (7
patients) (Table 4a).

Diagnostic Evaluation

Twelve patients were diagnosed based on history
and physical exam only (24.5%). Eleven of forty-nine
patients (22.5%) underwent an x-ray in addition to a
history and physical exam, while three patients (6.1%)
received an MRI as well as a physical exam. Twenty-
three patients (48.9%) had a more extensive workup
for their injuries including both an MRI and x-rays in
addition to a history and physical exam (Table 5).
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Treatment protocol and Follow-Up

A number of treatment modalities were suggested
for the swimmers seeking care. The most common
recommendations included physical therapy (46/49
patients), taking time off from swimming (16/49
patients), lowering the intensity of swimming
workouts until symptoms improve (14/49 patients),
and non-steroidal anti-inflammatory medications
(NSAIDs) (13/49 patients) (Table 6).

Three patients underwent surgical treatment for
upper extremity swimming-associated injuries
(6.1%). These operations included arthroscopic
stabilization following an acute dislocation while
swimming butterfly, a labral tear repair following an
acute dislocation while swimming backstroke, and a
subacromial decompression procedure for a patient
with chronic subacromial bursitis (Table 6).

Twenty-nine patients (59.2%) followed up in
orthopedics or sports medicine clinics (Table 6).

Lower Extremity Injuries
Demographics

Twenty-seven competitive swimmers visited an
orthopedic surgeon or sports medicine physician for
a concern related to their lower extremities. These
patients were a mean of 13.4 years old (SD: 2.4, range
8-18). Twenty-three of the twenty-seven (85.2%)
were female patients (Table 1).

Aggravating Factors

Patients described a number of aggravating factors
related to their injuries. The most commonly
mentioned factors included swimming breaststroke
specifically (10/27 patients), pushing off of the wall
or diving into the pool (8/27 patients), walking (5/27
patients), and a recent increase in yardage or intensity
of swimming workouts (5/27 patients) (Table 2).

Injury Time Course, Location,

Diagnoses

and Specific

Twenty patients described their injuries as being
chronicin nature (74.1%) while 7 patients had injuries
due to acute events (25.9%) (Table 3). The most
common locations of injuries were the knee (20/27
patients) and hip (5/27 patients). The most common
diagnosis given was patellofemoral dysfunction (17
patients) with muscle strains being the next most
frequently represented (4 patients) (Table 4b).

Diagnostic Evaluation

Six patients received only a physical exam and
history during their visit (22.2%). Thirteen patients
underwent an x-ray and history/physical exam
(48.1%), one received an MRI and history/physical
exam (3.7%), and seven received an x-ray, MRI, and
history/physical exam (25.9%) (Table 5).

Treatment protocol, Surgeries and Follow-Up

Physicians recommended a range of treatment
strategies for these competitive swimmers with
extremity injuries. The most common
recommendations were physical therapy (26/27
patients), decreasing the intensity of swimming
workouts (10/26 patients), NSAIDs (9/27 patients),
and conservative measures such as icing, stretching,
or taping the affected area (8/27 patients) (Table 6).

lower

Two patients underwent operations for lower
extremity-related pathologies. One patient underwent
a Fulkerson osteotomy and medial patellofemoral
ligament (MPFL) repair for patellar instability and
another underwent a medial meniscus repair with
chondroplasty for a chronic meniscus tear due, in part,
to a significant amount of breaststroke swimming
specifically (Table 6).

Thirteen of the twenty-seven patients went to a follow-
up appointment following their initial evaluation (Table 6).

Other Injuries
Demographics

Fourteen swimmers visited orthopedic surgeons
or sports medicine doctors for primary concerns
not related to the upper or lower extremities. These
included injuries to the head, back, and trunk. This
cohort of patients was a mean age of 15.7 years old
at the time of their first visit (SD: 1.9, range: 12-18).
Twelve of the fourteen patients were female (85.7%)
(Table 1).

Aggravating Factors

The most common aggravating factors for this group
of patients included swimming butterfly specifically
(6/14 patients), swimming breaststroke specifically
(4/14 patients), and doing flip turns (3/14) (Table 2).

Injury Time Course, Location,

Diagnoses

and Specific

Eleven of the fourteen patients sought care for chronic
injuries (78.6%) while three visited a physician for
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acute concerns (21.4%) (Table 3). The most common
injury location for this group of patients was the
back (10/14 patients) with the lower back being an
especially common site of injury (7/14 patients). Two
patients sufferedinjuriestothehead (both concussions
due to collisions during practice) and two suffered
injuries to the chest or chest wall. The most common
diagnosis was muscle strains or generalized low back
pain (3 patients). Two patients were diagnosed with
each of disc herniation, facet arthropathy, concussion,
and scoliosis (Table 4c).

Diagnostic Evaluation

As in the medical workup for upper and lower
extremity injuries, the evaluation for this cohort of
patients included a history and physical examination,
x-ray, and MRI. The most common workup protocol
Table 2. Aggravating Factors

included a physical examination, x-ray, and MRI
(42.8%). Only one patient did not receive imaging and
thus only underwent evaluation with a history and
physical exam (7.1%) (Table 5).

Treatment protocol, Surgeries and Follow-Up

The most common treatment modality for this cohort
was physical therapy (12/14 patients). Other common
recommendations included NSAIDs (4/14 patients),
conservative measures such as icing, stretching and
taping the affected area (4/14 patients), decreasing
the intensity of swimming workouts (3/14 patients),
and rest completely from swimming (3/14 patients).
No patients received surgical treatment for their
injuries in this cohort (Table 6). The majority of
patients attended a follow-up visit (12/14 patients)
(Table 6).

Upper extremity | Lower eXIemity | guyer (n=14) | Total (n=50)
e R : : z
Acute increase in workload 9 5 1 15
Cross-training 8 2 2 12
Freestyle 6 1 1 8
Butterfly 7 2 6 15
Backstroke 5 0 0 5
Breaststroke 6 10 4 20
Positional changes 1 0 2 3
Walking & running 0 5 2 7
Push-offs & dives 0 8 0 8
Flip turns 0 0 3 3
Table 3. Time course
Upper extremity Lower extremity Other Total

Acute 6 3 16
Chronic 43 11 74
Table 4(a). Upper Extremity Diagnoses

Diagnosis Patients

Impingement 14

Rotator cuff pathology 14

Muscle strain or undiagnosed pain 10

Shoulder instability (including dislocation) 8

Biceps tendon pathology 7
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Labral pathology

Bursitis

Thoracic Outlet Syndrome

Salter-Harris Physeal Fracture of Proximal Humerus

AC joint pathology

Scapular dyskinesia

== =N W

Table 4(b). Lower Extremity Diagnoses

Diagnosis

Patients

Patellofemoral dysfunction

17

Muscle strain or undiagnosed pain

Patellar instability

Impingement of hip

Sprain of great toe

Hip avulsion fracture

Osgood-Schlatter Disease

Labral pathology of hip

Meniscus tear

Patellar tendonitis

R R [Rr|R[R|R[N|N| D

Table 4(c). Other Diagnoses

Diagnosis

Patients

Muscle strain or undiagnosed pain

3

Scoliosis

Disc herniation

Concussion

Facet arthropathy

Costochondritis

Slipping rib syndrome

2
2
2
2
1
1

Table 5. Medical Workup

Upper extremity

Lower extremity

Other

Total

History & physical exam 12

6

19

H&P + x-ray 11

13

27

H&P + MRI 3

H&P + x-ray + MRI 23

36

H&P + CT! 0

H&P + Ultrasound + x-ray 0

1
7
0
0

= =0 [N W

ICT scan followed a head injury (concussion) resulting from a collision at practice
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Table 6. Treatment recommendations and follow-up

Upper extremity | Lower eXIEIItY | gper (n=14) | Total (n=90)
Physical therapy 46 26 12 84
Limit swimming intensity 14 10 3 27
NSAIDs 13 9 4 26
;Ivc\)/rirrlrrl)llsitsgrest from 16 3 3 29
ing sreching taping et 10 ? : 22
Sling/Boot/Brace 1 6 1 8
Steroid Injection 3 0 2 5
::/\;(;1;1}(1 on technique with ) 0 0 )
Cognitive rest, sleep 0 0 2 2
Surgery 3 2 0 5
Any follow-up visit 29 13 12 54
1 follow-up visit 20 7 8 35
2 follow-up visits 2 2 9
3 or more follow-up visits 4 4 2 10

DISCUSSION

This retrospective cohort study investigated the
most common pediatric and adolescent competitive
swimming-related injuries as well as their associated
diagnostic evaluation methods and treatment
protocols. Of the 90 patient injuries we analyzed, 74
occurred in female patients. Prior researchin collegiate
swimmers has shown no relationship between gender
and injury rates [10, 13]. However, Kerr et al. found
that injuries to collegiate women swimmers were
more likely to be related to overuse [13]. The large
discrepancy in gender representation in our cohort of
patients is thus thought-provoking. It may be the case
that pediatricand adolescent swimmers have different
rates of swimming-associated injury based on gender.
We may hypothesize that if these differences do in fact
exist, they may result from developmental differences
and the age at which patients become skeletally and
hormonally mature. However, we are unable to make
any casual assertions based on the present study
design. Future research should further investigate the
relationship between swimming-associated injuries
and gender in adolescent athletes.

The most common site of injury was the shoulder
(48 of 90 studied injuries). This is consistent with
numerous studies indicating the high incidence of
shoulder pain and pathologies among swimmers [2, 3,
5,7,9,10,13-20]. Lower extremity injuries were most
often localized to the knee (20 of 90 studied injuries).
Other common injury sites included the back and hip.
Across all injury locations, the majority of injuries
analyzed were chronic in nature (74 of 90 injuries). It
is likely that these injuries are the result of the chronic
stress placed on athlete’s joints from the repetitive
motions associated with swimming training. While we
are not able to make a definitive assertion of causality
for these chronic injuries based on the current data
alone, past research has indicated that overuse
injuries are particularly common among swimmers
[2, 5, 13]. Repeated stress on the joints creates cycles
of inflammation which may predispose athletes to
subluxation, pain and further injury [2]. In addition,
many attributes that make swimmers athletically
successful may make them susceptible to injury such
as increased shoulder range of motion [2].

Particularlycommonupperextremitydiagnosesamong
our patient cohort included shoulder impingement,
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rotator cuff pathology, shoulder instability, and muscle
strains (Table 4a). The term “swimmer’s shoulder”
has been used to describe shoulder pain associated
with inflammation of the rotator cuff associated with
impingement [21]. Notably, Sein et al. found that
among the 80 swimmers whom they analyzed, 84%
had positive impingement signs and 69% of those
who underwent MRI had radiographic evidence of
supraspinatus tendinopathy [3]. The study also found
that the weekly yardage output of the swimmers
correlated with supraspinatus tendinopathy [3]. Thus,
itisperhaps notsurprising that we found impingement
and rotator cuff tendinopathy to be among the most
commonly diagnosed conditions among our cohort of
athletes.

Notably, nine of the 49 patients specifically reported
a recent increase in the intensity and/or frequency
of their workouts as well. This is consistent with
findings from Feijen et al. who found that an increased
acute to chronic workload ratio was predictive of
shoulder pain development among competitive
swimmers [22]. Similarly, Yoma et al. found that
athletes’ shoulder active external rotation range of
motion was diminished following especially intense
training sessions, which they hypothesized may make
athletes susceptible to injury in subsequent practices
[23]. As such, it is possible that chronic stress is put
on the body by the repetitive motions of swimming
and an acute increase in workload causes increased
inflammation and increased susceptibility to injury.
Wolf et al. found that among 94 Division 1 collegiate
swimmers, freshmen were the most likely to suffer
injuries [10]. It is possible that these first-year
collegiate swimmers were at highest risk for injury
due to a similar mechanism involving the body not
being able to safely make the acute adjustment to the
increased physical demands that come with collegiate
athletics. In addition, the present data may suggest
a need for guidelines regarding training volume and
intensity for young swimmers. This may include
descriptions of the number of practices per week
based on age as well as the total yardage swum per
practice. Future work is needed to better describe
how these parameters may be determined. However,
the relatively high prevalence of patients in our cohort
who suffered upper extremity injuries as a result of
recent increases in training intensity (9/49 patients)
suggest that the development of such guidelines may
be of value to coaches and athletes alike.

Among lower extremity injuries, the most common
diagnosis given was patellofemoral dysfunction.
Patellofemoral syndrome most often presents as
anterior knee pain and is frequently associated with
overuse related to running or other activities in which
repetitive knee flexion occurs [24]. The most frequent
aggravating causes of lower extremity pain in our
cohort of 27 patients included swimming breaststroke
specifically (10 patients) and wall push-offs and dives
(8 patients). It is likely that the repeated knee flexion
associated with pushing off of the wall each lap as well
as the specific motion of kicking required in certain
strokes, especially breaststroke, may contribute to
the development of this condition. In fact, Kenal
et al. note that this is a common lower extremity
diagnosis among swimmers, particularly those who
frequently swim breaststroke [25]. In addition, Grote
et al. demonstrated that breaststroke specialists are
more likely to have groin and hip related pain [26].
As such, our finding that swimming breaststroke was
a commonly reported aggravating factor for lower
extremity swimming-associated injuries is in line
with prior research. Notably, five of the twenty-seven
patients reported a recent increase in swimming
workload during the initial evaluation of their lower
extremity injury. As with upper extremity injuries, it
is possible that an acute increase in physical stress
on the body may cause a chronically overused joint
to become symptomatic. However, future research is
needed to better validate this hypothesis.

Among injuries to other parts of the body, the most
common area of concern was the back and particularly
the low back (10 of 14 patients and 7 of 14 patients,
respectively). A number of diagnoses were given to
patients with chronic low back pain associated with
swimming with the most common being muscle
strains, disc herniation, facet arthropathy, and
scoliosis. Note that patients were not included in
the study for asymptomatic scoliosis evaluations.
However, those with swimming-associated pain and
a scoliosis diagnosis were included for analysis. Prior
research has demonstrated thatback painisa common
presenting complaint for swimmers [9, 10, 27]. Nyska
studied four swimmers with low back pain and found
that three specialized in “short-axis” swimming
strokes - butterfly and breaststroke. The authors
hypothesized that the patients’ back pain may be due
to the repetitive hyperextension that is necessary for
performance in these swimming disciplines [27]. We
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found that six of the fourteen patients cited swimming
butterfly as an aggravating factor associated with
their pain and four of fourteen listed breaststroke
as causing discomfort. Thus, our data support the
limited literature that has suggested that low back
pain among swimmers is associated with short-axis
swimming strokes.

The most common medical workup across all injury
locations was a history and physical exam in addition
to x-ray and MRI studies (Table 5). The combination
of x-ray and MRI allows for maximal evaluation of
bony and soft tissue structures, respectively. Thus, it
is logical that this combination of imaging modalities
would be employed for the diagnosis of swimming-
associated pathologies which include a range of both
bony and soft tissue-associated conditions.

Finally, the treatment recommendations across all
injury locations showed a significant preference for
physical therapy (84 of 90 injuries). Additionally,
rest from swimming, limiting swimming intensity,
NSAIDs, and conservative measures including icing
and stretching were commonly recommended
treatments. As many swimming injuries may be
related to soft tissue imbalances and inflammation,
strengthening exercises through physical therapy is
a logical first-line treatment plan for many swimmers
[2]. Additionally, the concept of a holistic approach,
including physical therapy, icing, massage, and muscle
stimulation, to treating swimming injuries has been
previously recommended [28]. Few patients required
surgical intervention for their swimming-associated
injuries (5 of 90 injuries). As such, it is likely that first-
line therapies should continue to include non-invasive
approaches such as those previously discussed.

Limitations

There are certain limitations inherent to the nature
of retrospective chart review studies. First, we
cannot be certain that the patient notes analyzed
are comprehensive sources of data. For example, a
patient may have mentioned to their physician that
swimming freestyle causes shoulder discomfort,
but this aggravating factor may not appear in the
patient chart. Similarly, treatment recommendations
verbalized by the provider, such as a suggestion to
take off time from swimming, may not have been
formally written in the patient note. As such, it is
possible that certain variables are underreported.
In addition, many notes did not have information

regarding the exact time course of patient injuries
nor the return to play interval following treatment.
Therefore, the variable of time course was grouped
as acute or chronic and return to play data were not
included. In addition, we are not able to make causal
assertions regarding the specific mechanisms of
injury development given the retrospective nature of
the study. Because patients may not have followed up
with their provider once their symptoms resolved, we
are further unable to comment on the efficacy of the
treatment protocols or outcomes for patients such as
return to play timelines. Future research should thus
include longitudinal follow-up with patients in order
to assess the course of swimming-associated injuries.
It is also possible that our data acquisition process
did not capture all swimmers who sought care from
orthopedic surgeons and sports medicine physicians
at our institution if the patient notes did not use the
keywords for which we searched. Finally, it is possible
that patients sought care from primary care providers
or other physicians not included in this study design
for swimming-associated injuries.

CONCLUSIONS

Common injury locations for pediatric and adolescent
competitive swimmers include the shoulder, knee,
and lower back. Treatment for swimming-associated
injuries in this population often includes physical
therapy, NSAID medications, and limiting swimming
training intensity. However, surgical treatment is
uncommonly indicated.

While most injuries among the cohort of swimmers
studied were chronic in nature, many patients
noted that a recent increase in workload may have
contributed to the worsening of their symptoms. As
such, providers may recommend diversifying sporting
activity among this patient population in order to
promote longevity in sports, enhance performance,
and decrease burnout [29].

Acknowledgements

This publication was supported by UCSF Academic
Research Systems, and by the National Center for
Advancing Translational Sciences, National Institutes
of Health, through UCSF-CTSI Grant Number UL1
TR991872. Its contents are solely the responsibility
of the authors and do not necessarily represent the
official views of UCSF or the NIH.

Archives of Physical Health and Sports Medicine V4 .12.2021 9



Competitive Swimming-Related Injuries in the Adolescent Athlete: A Retrospective Analysis

REFERENCES

1.

Hibberd EE, Laudner K, Berkoff D], Kucera KL, Yu B,
Myers ]JB. Comparison of Upper Extremity Physical
Characteristics Between Adolescent Competitive
Swimmers and Nonoverhead Athletes. | Athl Train.
2016;51(1):65-69. doi:10.4085/1062-6050-
51.2.04

10.

11.

Wolf BR, Ebinger AE, Lawler MP, Britton CL.
Injury patterns in Division I collegiate swimming.
Am ] Sports Med. 2009;37(10):2037-2042.
doi:10.1177/0363546509339364

Harris PA, Taylor R, Thielke R, Payne ], Gonzalez
N, Conde JG. Research electronic data capture
(REDCap)--a metadata-driven methodology and
workflow process for providing translational

2. Weldon E] 3rd, Richardson AB. Upper extremity research informatics support. ] Biomed
overuse injuries in swimming. A discussion Inform. 2009;42(2):377-381. doi:10.1016/j.
of swimmer’s shoulder. Clin Sports Med. jbi.2008.08.010
2001;20(3):423-438. doi:10.1016/50278- 12. Harris PA, Taylor R, Minor BL, et al. The REDCap
5919(05)70260+x consortium: Building an international community

3.  Sein ML, Walton |, Linklater ], et al. Shoulder of software platform partners. ] Biomed Inform.
pain in elite swimmers: primari]y due to swim- 2019;95:103208. d01101016/]]b12019103208
volume-induced supraspinatus tendinopathy. Br 13. Kerr ZY, Baugh CM, Hibberd EE, Snook EM, Hayden
J Sports Med. 2010;44(2):105-113. doi:10.1136/ R, Dompier TP. Epidemiology of National Collegiate
bjsm.2008.047282 Athletic Association men’s and women’s swimming

4.  Stracciolini A, Casciano R, Friedman HL, Meehan WP and diving injuries from 2009/2010 to 2013/2014.
3rd, MicheliL].Acloserlookatoveruseinjuriesin the Br] Sports Med. 2015;49(7):465-471. doi:10.1136/
pediatric athlete. Clin | Sport Med. 2015;25(1):30- bjsports-2014-094423
35.d0i:10.1097/JSM.0000000000000105 14. Cejudo A, Sanchez-Castillo S, Sainz de Baranda

5. Ristolainen L, Heinonen A, Waller B, Kujala UM, P, Gamez JC, S.antonja-Medinla F. LOV\{ Range of

. . .. Shoulders Horizontal Abduction Predisposes for
Kettunen JA. Gender differences in sport injury o o I
risk and types of inju-ries: a retrospective twelve- Shoulder Pain in Competitive \-(oung Swimmers.
. . Front Psychol. 2019;10:478. Published 2019 Mar 6.
month study on cross-country skiers, swimmers, d0i:10.3389 /fpsyg.2019.00478
long-distance runners and soccer players. ] Sports
Sci Med. 2009;8(3):443-451. 15. Fredericson M, Ho C, Waite B, et al. Magnetic
resonance imaging abnormalities in the shoulder

6. Rugg CM, Coughlan MJ, Li N, Hame SL, Feeley and wrist joints of asymptomatic elite athletes.
BT. Early Sport Specialization Among Former PM R 2009;1(2):107-116.  doi:10.1016/j.
National Collegiate Athletic Association Athletes: pmrj.2008.09.004
Trends, Scholarship Attainment, Injury, and
Attrition. Am ] Sports Med. 2021;49(4):1049-1058. 16. Bak K, Magnusson SP. Shoulder strength and range
doi:10.1177/0363546520988727 of motion in symptomatic and pain-free elite

swimmers. Am | Sports Med. 1997;25(4):454-459.

7. Pink MM, Tibone JE. The painful shoulder in doi:10.1177/036354659702500407
the swimming athlete. Orthop.Clm North Am. 17. McMaster WC, Troup ]. A survey of interfering
2000;31(2):247-261. doi:10.1016/50030- shoulder pain in United States competitive
5898(05)70145-0 swimmers. Am ] Sports Med. 1993;21(1):67-70.

8. Bak K, Faung P Clinical findings in doi:10.1177/036354659302100112
competitive - swimmers with shoulder pain. 48 ycMaster WC.  Anterior  glenoid  labrum
Am ] Sports  Med.  1997;25(2):254-260. damage: a painful lesion in swimmers.
doi:10.1177/036354659702500221 Am ] Sports Med. 1986;14(5):383-387.

9. Atilla H, Akdogan M, Oztiirk A, Ertan MB, Kose O. doi:10.1177/036354658601400507
Musculoskeletal Injuries in Master Swimmers: A 19, McMaster WC. Shoulder injuries in competitive
NationalSurveyinTurkey.Cureus.2020;12(6):e8421. swimmers. Clin Sports Med. 1999;18(2):349-vii.
Published 2020 Jun 3. doi:10.7759/cureus.8421 doi:10.1016/s0278-5919(05)70150-2

10 Archives of Physical Health and Sports Medicine V4 .12.2021



Competitive Swimming-Related Injuries in the Adolescent Athlete: A Retrospective Analysis

20.

21.

22.

23.

24.

McMaster WC.  Swimming  injuries. An
overview. Sports Med. 1996;22(5):332-336.
doi:10.2165/00007256-199622050-00006

Richardson AB, Jobe FW, Collins HR.
The shoulder in competitive swimming.
Am ]  Sports  Med. 1980;8(3):159-163.

doi:10.1177/036354658000800303

Feijen S, Struyf T, Kuppens K, Tate A, Struyf
of Shoulder Pain in Youth
Competitive Swimmers: The Development and

F.  Prediction

Internal Validation of a Prognostic Prediction
Model. Am ] Sports Med. 2021;49(1):154-161.
doi:10.1177/0363546520969913

Yoma M, Herrington L, Mackenzie TA, Almond TA.
Training Intensity and Shoulder Musculoskeletal
Physical Quality Responses in Competitive
Swimmers. | Athl Train. 2021;56(1):54-63.
doi:10.4085/1062-6050-0357.19

Dixit S, DiFiori JP, Burton M, Mines B. Management
of patellofemoral pain syndrome. Am Fam Physician.
2007;75(2):194-202.

25.

26.

27.

28.

29.

Kenal, K. A., & Knapp, L. D. (1996). Rehabilitation of
injuries in competitive swimmers. Sports medicine
(Auckland, N.Z.), 22(5), 337-347. https://doi-org.
ucsf.idm.oclc.org/10.2165/00007256-199622050-
00007

Grote K, Lincoln TL, Gamble JG. Hip
adductor injury in competitive swimmers.
Am ]  Sports Med. 2004;32(1):104-108.

doi:10.1177/0363546503258905

Nyska M, Constantini N, Calé-Benzoor M, Back Z,
Kahn G, Mann G. Spondylolysis as a cause of low back
painin swimmers. Int] Sports Med.2000;21(5):375-
379. doi:10.1055/s-2000-3780

Russ DW. In-season management of shoulder
pain in a collegiate swimmer: a team approach.
J Orthop Sports Phys Ther. 1998;27(5):371-376.
doi:10.2519/jospt.1998.27.5.371

Feeley BT, Agel ], LaPrade RF. When Is It
Too Early for Single Sport Specialization?.
Am ] Sports Med. 2016;44(1):234-241.
doi:10.1177/0363546515576899

Citation: Matthew Orringer, Rebecca Miller, Nirav Pandya. Competitive Swimming-Related Injuries in the
Adolescent Athlete: A Retrospective Analysis. Archives of Physical Health and Sports Medicine. 2021; 4(2): 01-

11. DOI: https://doi.org/10.22259/ 2639-1805.0402001

Copyright: © 2021 Matthew Orringer, Rebecca Miller, Nirav Pandya. This is an open access article
distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Archives of Physical Health and Sports Medicine V4.12.2021 11



