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Abstract
REID ELIZABETH JONES: The effect of a typical swinmaining period on forward
head and forward shoulder posture in competitiviensmers
(Under the direction of Joseph Myers)

Forward head, forward shoulder posture is a compustural deviation observed
in competitive swimmers. Forward head and forwsdrdulder posture has been linked to
muscular imbalances attributable to the repetitigire of swimming. Postural changes
over the course of a swim training period are umkmo The purpose of this study is to
examine the effect of a typical swim training pdrion forward head and forward
shoulder posture in competitive swimmers. Repeatedsures of forward head and
forward shoulder angles were calculated using Imageftware (National Institute of
Health, Bethesda, MD). Significant differences evdound between swimming and
control groups. Significant differences were foumthin both groups. A small amount
of shoulder pain was found to be related to forwshdulder posture. Strength and
conditioning and dryland programs performed thrauglthe training period may have
contributed to significant changes in forward headl forward shoulder posture in

collegiate swimmers.
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CHAPTER |

INTRODUCTION

THE SPORT OF SWIMMING

Amateur, club/collegiate and master’s level swimsneonstitute the over one
hundred million Americans who classify themselves savimmers (Johnson, 1988;
Stocker, Pink, & Jobe, 1995). Swimming is oneh& imost popular participation sports
as people use it for leisure, cardiovascular fénasd/or competition (Kammer, Young,
& Niedfeldt, 1999; Pink & Tibone, 2000; Sein et,&010). As organized master’'s
teams, whose ages range from 20 to 95, gain potyuderd monetary incentives for elite
swimmers become more common swimming continueg t@ lifelong sport (Kammer, et
al., 1999). In this study we will examine competitive, colleigiawimmers who make up

one subset of the swimming population.

TRAINING SCHEDULE

Training time (quantity) and training intensity @jiy) along with frequency of
training all contribute to the training schedule tmmpetitive swimmers. Competitive
swimmers start their intense training between tiesaf eight and eleven years old (Bak,
2010). They train three to four hours per day s&two training sessions which equates
to between ten and twenty thousand yards per déetween five hundred thousand to

one million arm cycles per year (Bak, 2010; Costilal., 1991; Kammer, et al., 1999; W.



McMaster, 1999; Sokolovas, 2003). Swim trainingsuperiodization as the principal
means for preparing for competition (Pyne, 200&)eriodization is defined as the
division of the annual training plan into smallenpre manageable parts that helps to
ensure correct peaking for the main competitionthef year (Pyne, 2006). The smaller
parts that make up the annual training plan inclindemesocycle (long term cycle), the
macrocycle (multi-week training cycle), and the raaycle (weekly/daily training cycle)
all of which vary depending on individual competiti goals (Pyne, 2006). Today,
modern, competitive swimming has evolved into aryeand sport where swim yardage
is maintained after the collegiate season is okam(mer, et al., 1999; Wolf, Ebinger,
Lawler, & Britton, 2009). Competitive swimmers riggtion from collegiate training to
club training at the end of the collegiate seasoi{March) and continue to swim with
their club teams until the collegiate season resumeSeptember. A week-long break,
along with a transition to maintenance yardage, rbhaythe only indicators of the
transition from collegiate swimming to club swimmin
The collegiate season for a club swimmer lasts apmpately thirty weeks.

Beginning in September, with preseason training, tthirty weeks is divided between
aerobic, anaerobic, race-specific and competitimasps of training (Sterkel, 2001). The
preseason, aerobic, anaerobic and race-specifiopsiare included in what is known as
the training period with the competition phase mgkup what is known as the taper
period (Sterkel, 2001). Further division occursween swimmers categorized as either
distance swimmers, where a greater percentageawfirtg is spent in the endurance
phase, or sprint swimmers, where a greater pergertgatheir training is spent in speed

work (Sterkel, 2001). The year-long training regith coupled with the continuous,



repetitive nature of competitive swimming may pl#oese swimmers at an increased risk

for injury.

SHOULDER PAIN IN SWIMMERS

Forty to ninety percent of complaints by swimmeest@in to issues regarding
shoulder pain (Bak, 2010; Weldon & Richardson, 30(houlder pain in swimming is a
major cause of missed practice and slower swimgifi¢eldon & Richardson, 2001) and
may develop as a result of the fact that ninetyemar of propulsive force in swimming
comes from the upper extremity because the atmhetst pull the body over the arm
through the water (Pink & Tibone, 2000). The téiswimmers shoulder” is used to
define any type of shoulder discomfort in the swiennand it is the most common
orthopedic complaint with regard to injuries in swning (Stocker, et al., 1995; Weldon
& Richardson, 2001). “Swimmers shoulder” coverspactrum of pathologies that are
caused by extrinsic and intrinsic factors (Bak, @01 Swimmers shoulder is a non-
descript and ill-defined condition that is widelyn®nymous with impingement syndrome
and rotator cuff tendonitis (W. McMaster, 1999) bnay also include labral injury,
acromioclavicular joint pathology, long head ofdpes pathology or any form of shoulder
instability (Allegrucci, Whitney, & Irrgang, 1994Russ, 1998). In competitive
swimming, as the number of training hours incre#ise number of arm strokes per year
increase, making competitive swimming a demandiotivity that places enormous
stress on the shoulder. Shoulder pain in swimnsergluenced by the training schedule
where distance completed each practice, the number okouts per week, what is

involved in the dryland program and any recent geann training may all contribute to



the development of new injuries (Tovin, 2006). led information exists regarding the
epidemiology of swimming injury patterns at theleglate, elite, amateur and master’s
levels (Wolf, et al., 2009) and this includes ipjyratterns that are influenced by poor

posture.

CONTRIBUTORS TO SHOULDER PAIN IN SWIMMING

The continuous, repetitive nature of swimming iases the stress put on the
shoulder joint and leads to injury via repetitivecratrauma with no time to rest and
allow the muscles to recover (Pink & Tibone, 2000)here are several factors that
contribute to shoulder pain. These include biomeidsa range of motion, muscular
imbalances, fatigue, impingement, glenohumeraltjonstability and posture. The
biomechanics of the freestyle stroke have beeneddugktensively as 75 to 90 percent of
swim-training is completed using the freestyle lstraegardless of stroke specialty
(Kammer, et al.,, 1999). Faulty freestyle biomeadtsmns thought to contribute to
impingement syndrome (Allegrucci, et al., 1994). po&-specific range-of-motion
demands, which include an increase in shouldererasfgmotion, increased internal
rotation and adduction strength and prolongedgtiaigy shoulder-intensive training may
improve swimming performance, but these demand® ledso been shown to cause
shoulder instability (Weldon & Richardson, 2001Muscular imbalances may play an
important role in shoulder pain in swimmers dueatderior musculature becoming
overactive and tight compared to weak, stretcheddgpior musculature (Janda, 1987) as
a result of three of the four strokes (freestylesalststroke, butterfly) being completed

prone in the water. The sheer volume and interbdy defines swim training may lead



to fatigue throughout the shoulder and scapula mlasge (Bak, 2010). Fatigue leads to
the disruption of the optimal synchronous firingttpen of the scapular stabilizing
muscles (Pink & Tibone, 2000; Weldon & Richards@001) that may predispose a
swimmer to shoulder pain and pathology. Glenohamint laxity, defined as an

increased translation at the glenohumeral jointy ah@velop into joint instability when

the joint laxity becomes pathologic and begins anse pain (Pink & Tibone, 2000).
Finally, a common posture deviation seen in swingmevolves forward head, forward
shoulder posture creating a common “s-configurdtairthe back that is seen due to an
enlarged thoracic kyphosis and enlarged lumbarokisd(Bak, 2010). This can be an
aggravating factor in the development of scapulakishesis which contributes to the
reduction of subacromial space (Bak, 2010; Pink i&ome, 2000). The reduction of
subacromial space secondary to poor posture isidedl as a possible contributor to
shoulder pain (W. B. Kibler, 1998). Thoracic kygi®omay alter the bony anatomy
surrounding the shoulder and may result in excessixotraction of the scapula,
contributing to secondary impingement (Allegrucei,al., 1994; W. B. Kibler, 1998).

Other contributors to shoulder pain, include a higbetition rate of shoulder revolution,
taking the shoulder into extreme ranges of motiod #he generation of high muscular
forces on the shoulder in order to sustain the &dwpropulsive effort (Stocker, et al.,

1995).

POSTURE AND SHOULDER PAIN
Ideal posture is determined by the alignment ohificant anatomical landmarks

or by general body positions (Griegel-Morris, Larsdlueller-Klaus, & Oatis, 1992;



Kendall & McCreary, 1983) and is associated witbpar skeletal alignment that allows
muscles, joints, ligaments, nerves and internahmsgto function well (Page, 2005).
Forward head and forward shoulder posture is a camdeviation from ideal posture
and is distinguished by increased thoracic kyphosiscreased cervical lordosis,
protracted scapulae and an internally/anteriortgteml humeral head (Griegel-Morris, et
al.,, 1992; Tovin, 2006). Forward head and forwatibulder posture are often
accompanied by soft tissue findings that indicastricted and tight anterior shoulder
musculature, lengthened and weakened medial scaptdhilizers, posterior capsule
tightness of the glenohumeral joint and weak aotecervical flexors (Janda, 1987,
Kendall, McCreary, Provance, Rodgers, & Romani, 2200/. B. Kibler, 1998; W.
McMaster, 1999; Tovin, 2006). Deviations from wiktescribed as normal alignment
suggests a system of imbalance or abnormal straith® musculoskeletal system that
may contribute to upper quarter musculoskeletalfuthgegion (Page, 2005) including
abnormal scapulohumeral rhythm, impingement of th&tator cuff tendons,
acromioclavicular joint degeneration, bicipital demtis and painful trigger point areas
(Griegel-Morris, et al., 1992; Peterson et al., M99These posture deviations, which are
often seen in the swimming population, are also room deviations in the general
population including the collegiate population. t&lmok computer use, backpack
carrying and study hours all contribute to poortpies in the college-age population
(Asundi, Odell, Luce, & Dennerlein, 2010). The qmetitive swimming population in
this study may be influenced by all of these faztas well as the training period during

their competitive season.



PURPOSE AND CLINICAL RELEVANCE

Shoulder pain in swimmers is one of the most compmnplaints of injury (Bak,
2010). Anecdotal evidence exists that swimmersshaeor posture and this may be
attributable to the amount of training they comglet order to compete at a high level.
A gap in the literature exists as to the exacttimighip between training volume,
training intensity and their effects on forward tteand forward shoulder posture
commonly observed in swimmers. This study will Hoat competitive, collegiate
swimmers and a control group of non-swimmers or-ongrhead athletes. Both groups
are influenced by lifestyle factors, such as classr time, study time, computer use and
video game use, which may affect their posturetwod head posture will be measured
using digital photography to capture the anglenafination between the line extending
from C7 to tragus and the horizontal line. Forwahdulder posture will be measured
using digital photography to capture the anglenafination between the line extending
from C7 to the shoulder and the horizontal lindnisTstudy seeks to demonstrate that the
swimming group will experience a greater changdomvard head, forward shoulder
posture compared to the control group due to thieitrg period they go through as part
of swim participation. The swimming group enduties training period in addition to
lifestyle factors which is hypothesized to incredsevard head and forward shoulder
posture compared to the control group. This study also help to determine when to
intervene with rehabilitation exercises during thaning period to assist in correcting
postural abnormalities before pathology beginsstiite and increased thoracic kyphosis
are two intrinsic factors that have been thoughtaaotribute to shoulder pain (Bak,

2010). Determining the extent of the relationsbgtween the training period and



changes in forward head and forward shoulder pestucompetitive swimmers will help
to lay the foundation for future studies to conénexploring the relationship between
posture and shoulder pain and the argument thatiqgos an indirect cause of shoulder

pain.

RESEARCH QUESTION

¢ RQ1:. What is the effect of a typical swim training petion forward head and
forward shoulder posture in collegiate swimmers?

0 RQL1.1: What is the effect of a typical swim training pefion forward
head posture in collegiate swimmers?

o0 RQ1.2: What is the effect of a typical swim trainingriwd on forward
shoulder posture in collegiate swimmers?

e RQ2: Does forward head and forward shoulder posturerdsignificantly
between the four testing sessions (late Augusy/&eptember, mid-October,
mid-December and late January) in the swimming gfPou

0 RQ2.1: Does forward head posture differ significantly beéw testing
sessions in the swimming group?

o0 RQ2.2: Does forward shoulder posture differ significariitween testing
sessions in the swimming group?

e RQ3: Is there a relationship between the change in g@nes between testing

sessions and the change in forward head postuihe iswimming group?



o0 RQ3.1: Is there a relationship between the change in FAS$ain
scores between testing sessions and the changeniartl head posture in
the swimming group?

o0 RQ3.2: Is there a relationship between the change in DASW pain
scores between testing sessions and the changeniartl head posture in
the swimming group?

RQ4: Is there a relationship between the change in g@ones between testing
sessions and the change in forward shoulder postiine swimming group?

o0 RQ4.1: Is there a relationship between the change in FAS®ain
scores between testing sessions and the changenarti shoulder
posture in the swimming group?

o0 RQ4.2: Is there a relationship between the change in DASHpain
scores between testing sessions and the changenarti shoulder
posture in the swimming group?

RQ5: Is there a relationship between yardage completédden testing sessions
and the change in posture at testing session?

o0 RQ5.1: Is there a relationship between yardage completédden testing
sessions and the change in forward head posteachttesting session?

o0 RQ5.2: Is there a relationship between yardage completédden testing
sessions and the change in forward shoulder poatwach testing
session?

RQ6: Is there a relationship between the change in g@ires at each testing

session and yardage completed between testingpas3si



o Isthere a relationship between the change in FAS$ain scores at each
testing session and yardage completed betweendesissions?
o Isthere a relationship between the change in DASHpain scores at

each testing session and yardage completed betestimg sessions?

RESEARCH DESIGN

e Cross sectional design

Variables
e Independent
o Time
- Pre-training period (late August/early September)
- Middle of training period (mid-October, mid-Decker)
- Post-training period (late January)
o Group
- Swimmers
- Control (Non-overhead athletes or non-athletes)
e Dependent
o Forward head angle measurements
o Forward shoulder angle measurements
o Pain Scores (FASS-TS, DASH-SM)

o0 Yardage

Null Hypothesis

e Holl

10



o There will be no significant difference in the faw head posture in
competitive swimmers compared to the forward hezdyse in the
control group over the course of the typical swiaarting period

o Differences FHP swimmers Differences FHP control

Hol.2

o There will be no significant difference in the faw shoulder posture in
competitive swimmers compared to the forward sheupbsture in the
control group over the course of the typical swiearting period

0 Differences FSP swimmers Bifference FSP control

Ho2.1

o The forward head posture in competitive swimmeitsmwait change
between testing sessions 1, 2, 3 and 4.

0 FHPswimmers T1 = FHPswimmers T2 = FHPswimmers T3 = FHPswimmers T4

Ho2.2

o The forward shoulder posture in competitive swinsneill not change
between testing sessions 1, 2, 3 and 4.

0 FSRwimmers T1= FSRBwimmers T2= FSRBwimmers T3= FSRwimmers T4

Ho3.1

0 There is no relationship between the change in FAS$ain scores between
testing sessions and the change in forward headneas the swimming
group

Ho3.2

11



o0 There is no relationship between the change in DABHpain scores
between testing sessions and the change in forinesrd posture in the
swimming group.

Hod.1

o There is no relationship between the change in FAS$ain scores between
testing sessions and the change in forward shoplagure in the swimming
group.

Ho4.2

o0 There is no relationship between the change in DABHpain scores
between testing sessions and the change in forstemdlder posture in the
swimming group.

Ho5.1

0 There is no relationship between yardage comple¢taeen testing sessions
and the change in forward head posture at eadhdestssion.

Ho5.2
0 There is no relationship between yardage complae¢tdeen testing

sessions and the change in forward shoulder poatwach testing
session.

Ho6.1
o There is no relationship between the change in FAS$ain scores at

each testing session and yardage completed betestmy sessions.

Ho6.2

12



0 There is no relationship between the change in DABHpain scores at

each testing session and yardage completed betestmy sessions.

Research Hypotheses
e RH11
o The differences in forward head posture in colleEggavimmers will be
greater at the end of the training period comparighl the differences in
forward head posture in the control group
o Differences FHP swimmeesDifferences FHP control
e RH1.2
o The differences in forward shoulder posture inegithte swimmers will
be greater at the end of the training period coexbarith the differences
in forward head posture in the control group
o Differences FSP swimmeksDifferences FSP control
e RH21
o The forward head posture in swimmers will increaisevery testing
session
0 FHPswimmersTi< FHPswimmersT2< FHRwimmersT3< FHRswimmersT4
e RH22
o0 The forward shoulder posture in swimmers will irage at every testing
session
0 FSRwimmersTi< FSRwimmersT2< FSRBwimmersT3< FSRwimmersT4

e RH31

13



o There will be a strong, positive correlation betwebanges in FASS-TS
pain scores and changes in forward head postuheiswimming group at
each testing session.

RH3.2

o There will be a strong positive correlation betwebanges in DASH-SM
pain scores and changes in forward head postuhe iswimming group at
each testing session.

RH4.1

o There will be a strong, positive correlation betwebanges in FASS-TS
pain scores and changes in forward shoulder postuhe swimming
group at each testing session.

RH4.2

o There will be a strong, positive correlation betwebanges in DASH-SM
pain scores and changes in forward shoulder postuhe swimming
group at each testing session.

RH5.1

o There will be a strong, positive correlation betwgardage completed
between testing sessions and the change in fornesad posture at each
testing session.

RH5.2

o There will be a strong, positive correlation betwgardage completed

between testing sessions and the change in forstemdlder posture at

each testing session.

14



e RH6.1
o There will be a strong, positive correlation betwéige change in FASS-
TS pain scores at each testing session and yacoageleted between
testing sessions.
e RH6.2
o There will be a strong, positive correlation betwége change in DASH-
SM pain scores at each testing session and yawagpleted between

testing sessions.

OPERATIONAL DEFINITIONS
e Collegiate Swimmers
o Competing on a college swim team during the acaclgear at the NCAA
Division 1 level
e Control Group
o College-age students not participating in overhagatetics or not
participating in athletics
e Training Volume
0 As measured by yardage completed in the pool dymiagtices
e Training Intensity

o0 As measured by yardage completed in a given anuduihe

ASSUMPTIONS

e Reliable/valid posture measures can be obtained

15



e Collegiate swimmers used in this study are reptesige of other collegiate
swimmers

e Training volume/training intensity of collegiate ismmers at UNC- Chapel Hill
reflects training volume/training intensity of otheollegiate swim programs.

e Subjects will assume natural, normal upright pastMhen measurements are

taken

DELIMITATIONS
e Only UNC-Chapel Hill varsity swimmers will be uséat the swim group
¢ Only non-overhead athletes or non-athletes of coatyba college age will be

used in control group

LIMITATIONS
e Anindividual may inadvertently correct their “noaih posture during
measurements if they know they are being testegdsture.

e Activities outside of swimming cannot be controlled

16



CHAPTER Il

REVIEW OF THE LITERATURE

INTRODUCTION

More than one hundred million people in the Uni&dtes classify themselves as
swimmers (Johnson, 1988; Stocker, et al., 1995) rmady more swimmers may be
unreported. Individuals participate in swimming tmmpetition, fithess and recreation
(Kammer, et al., 1999; Pink & Tibone, 2000; Seinak, 2010). The popularity of the
sport can be attributed to the fact that thereoispecial equipment or rules to participate
in the sport (Pink & Tibone, 2000) and there arenyneommunity teams that children
can begin to participate in early. While somedrnaih continue to swim for recreation, a
subset of these children will begin competitive rawiing careers between the ages of
eight and eleven (Bak, 2010; Sokolovas, 2003). s&éhswimmers begin a formal,
intensive training that is designed sequentiallyptoduce a stacking effect (Sokolovas,
2003) over eight to ten years in order to allowaanpetitive swimmer to reach full
potential. This stacking style has proven effextiased on success at the Olympic trials.
(Sokolovas, 2003). Unlike land sports, swimmingisport in which speed is equated
with the forward propulsion of the body over thenan the water. Successful aquatic
athletes are generally lean and tall with long Bnalmd wide shoulders as swimming is a

sport that rewards upper extremity strength (Juprd999).



There are four competitive strokes in swimming timefude freestyle or crawl
stroke, backstroke, butterfly stroke and breadtstraRegardless of a swimmer’s level of
ability or stroke specialization, eighty percenttrdining will be spent swimming the
freestyle stroke (Allegrucci, et al., 1994; PinKiédbone, 2000). Due to the large volume
of training that occurs using the freestyle strqg@per stroke biomechanics will aid the
swimmer in performing well and pain free. The #igte stroke can be divided into two
parts. The pull-through phase is the portion eftime that the hand is maintained in the
water and is often further divided into early pilifough (hand entry and catch phase),
mid-pull through (insweep phase) and late pull-tigio or finish phase (Allegrucci, et al.,
1994; J. Troup, 1999). The recovery phase isithe tluring which the arm is above the
water (Allegrucci, et al., 1994) and is often fumtidivided into early and late recovery
phases (Allegrucci, et al., 1994). Subdividing tive parts of the freestyle stroke is done

to analyze swimming mechanics.

TRAINING SCHEDULE

Training schedules for elite level, competitive swers involves several
different considerations. This is true of colléagiawimmers who become club swimmers
when the collegiate season is over in order to tamirtraining levels and train year-
round. A coach, either club or collegiate, mustedeine the number of weeks in a
season, how much pool time is available on a dzalsis for the swimmer to train and
how much time outside of the water is devoted tovidies such as weight training and
dryland training (Hannula & Thornton, 2001). Ant@lswimmer may log between ten

and fourteen thousand yards per day, twenty ttythiours per week, six to seven days a
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week as swim training is primarily endurance tmagni(Johnson, 1988; Su, Johnson,
Gracely, & Karduna, 2004; Weldon & Richardson, 2001Considering a competitive
swimmer may swim forty-eight to fifty weeks out tife year, yardage would exceed
seven million yards per year. Annual yardage logdeoughout the year is not accrued
in the same way during every practice or duringrgvghase of the training cycle.
Periodization is employed by coaches to split Wialtannual training into a training
period and a taper period around major competittonassist the swimmer in attaining
peak performance as competition arrives.
The Training Period

Club teams are generally made up of college stsdami hence, the competitive
portion of the club season generally incorporat@sv8eks of total training that mirrors
the academic year spanning August to late Marcmiidia & Thornton, 2001). The
training period is loosely described as the peviben increases in yardage and intensity
are the priority and spans the middle of Augusth® end of January (Lynch, Thigpen,
Mihalik, Prentice, & Padua, 2009; Weldon & Richams2001). Swimming utilizes the
principle of overload training to gradually increasorkload volumes during the season
in order to improve (Sokolovas, 2003). Lynch (20pointed out in her study that
yardage in September was approximately eight taden thousand yards per day while
yardage in December was approximately twenty thodisards per day which provides
an example of how collegiate swimmers use the qmaiy of their competitive season as
the intense training period. Following the intéysif the training period, the taper period
consists of seven to twenty-one days of reducddiria volume designed to enhance

swimming performance prior to competition (Trap@estill, & Thomas, 2000).
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The training period and taper period may be furtireken down into phases that
include preseason, aerobic development, anaerolmgelapbment, race-specific
development and competition phases. The traingmp@ encompasses the preseason,
aerobic development, anaerobic development and-s@edfic phases (Hannula &
Thornton, 2001). The preseason and aerobic deveop phases focus on building
general endurance by gradually increasing yardage speed work to emphasize
muscular strength and a solid cardiovascular b&senerally these two phases occur as
swimmers are returning from a brief break whereythave been out of regimented
training for approximately two to three weeks. Tmaerobic and race-specific portions
of the training period help to lay the foundatioar fdevelopment leading up to
competition (Hannula & Thornton, 2001).

The Taper period

Taper mean$preparation to swim fasand is also referred to as the competition

phase (Hannula and Thornton 2001). For collegsatanmers, taper generally begins
around the end of January and continues until #s¢ tompetition date is reached
(Hannula & Thornton, 2001; Trappe, et al., 2000 aper periods vary between
individuals and may last up to three weeks in ortterallow swimmers to rest by
decreasing training time and increasing the amofiritme spent away from the pool
(Hannula & Thornton, 2001). The ultimate goal @bering is to blend reduced training
distance with the appropriate workout frequency andmming speed to produce the
fastest possible swim times (Allegrucci, et al.94p Over the course of a thirty week

competitive season for collegiate swimmers, thimitng period and the taper period need

to be adjusted appropriately for each individmaieeds and abilities. When done
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properly, the training period gradually builds a imwer's endurance threshold
throughout the fall and winter while the taper pdriwhich follows in early spring,

allows swimmers to peak in performance as the magsbrtant competitions approach.

SWIMMER'S SHOULDER

Swimming is a sport that requires year-round deatinaand training in order to
continue to build ability and skill. Inherent ihi$ high volume of training, however, is
the risk that injury may develop. Shoulder paimme of the most common reasons for
swimmers to miss practice (Weldon & Richardson,1300The continuous movement at
the shoulder joint during the freestyle stroke mitess on the shoulders that may lead to
repetitive microtrauma (Pink 2000). Bak (2010)eatex] that one of the main factors in
the development of shoulder pain was high trainiolyimes in the absence of a well-
designed and balanced dryland training programer@e and repetition alone, however,
are not the sole cause of shoulder pain in swimme8houlder pain is generally
combined with a second insult that may include asjpinatus avascular tendinitis, biceps
avascular tendinosis, impingement syndrome, labeshage, instability secondary to
ligamentous laxity and instability secondary to olesdysfunction (McMaster 1999).
Swimmers plagued by debilitating shoulder pain mat progress in training leading to
poor competition performance. Rest and interruplrom training quickly translates into
detraining (W. C. McMaster & Troup, 1993). Withetfreestyle stroke commonly used
for training, certain tissues are at risk during #arious phases of this stroke. During the
early pull-through phase, the anterior capsulolabomplex and the posterior-superior

labrum are at risk for repetitive microtrauma (B2R,10). During late pull-through the
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supraspinatus is at risk for repetitive microtrauamal during the recovery phase, the
subacromial bursa, the supraspinatus tendon angogterior-superior labrum are at risk
for repetitive microtrauma (Bak, 2010). This refpet microtrauma that eventually
results in shoulder pain is referred to as “swinmimshoulder”.

Swimmer’s shoulder is an ill-defined condition thatwidely synonymous with
impingement syndrome and rotator cuff tendinitis. MEMaster, 1999; Russ, 1998) as
well as pathology of the acromioclavicular joirttetlong head of the biceps, the labrum,
tendinopathy or any type of shoulder instabilitylé8rucci, et al., 1994; Russ, 1998).
According to Bak (2010), extrinsic and intrinsicctars influence the etiology of
swimmer’s shoulder. Extrinsic factors include nrag volume (absolute and sudden
increases), technical or biomechanical trainingrerrand the use of hand paddles.
Intrinsic factors include excessive laxity and gah¢oint hypermobility, isolated joint
hyperlaxity, posture as it relates to core stabibind increased thoracic kyphosis,
scapular dyskinesis, glenohumeral internal rotatieficit (GIRD), rotator cuff muscle
imbalance, poor flexibility (anterior rotator cuffectoralis minor) or increased stiffness
of the shoulder capsule (posterior/anterior capsuvimmer’s shoulder has also been
divided into five types, classified as types A tigh E (Bak, 2010). Type A is defined as
isolated external impingement with subacromial ihisrand an increased amount of fluid
in the supraspinatus tendon. The morphology of dheomion is normal with the
possibility of an enlarged coracoacromial ligamemhere is no evidence of hyperlaxity
or instability and scapular dyskinesis is presenimost cases. Type B is defined as
isolated internal impingement without instabilityabral wearing and fraying is apparent

along with minor or partial lesions along the arar side of the supraspinatus tendon.
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Type C is more complex and involves both extracatiir and intra-articular pathology.
There is almost always minor instability and scapualyskinesis is present with this type
of swimmer’s shoulder. Type D is defined as mimstability accompanied by bilateral
hyperlax shoulders. Pain is rare and scapularidgsis is present in all cases. Type E
involves other pathologies such as acromioclavicidant meniscus tears or arthritis.
Scapular dyskinesis accompanies this type of swirsnshoulder. Many factors all
contribute to shoulder pain experienced by swimmerf$hese factors may arise
independent of the training volume and repetitia¢ure of the sport or they may arise

secondary to the training volume that is part ofhswing.

CONTRIBUTORS TO SHOULDER PAIN

Biomechanics, range of motion, muscular imbalandasgue, impingement,
glenohumeral joint instability and posture are a@htributing factors to shoulder pain.
Poor swimming technique and faulty biomechanics tmayne factor that contributes to
shoulder pain in swimmers.
Biomechanics

The pull-through phase of the freestyle stroke lsarsubdivided into early, mid
and late pull-through (Allegrucci, et al., 1994)uring early pull through, which occurs
as the fingers are entering the water and endseakand becomes perpendicular to the
body, the shoulder is internally rotated with tiigogv slightly flexed and pointed upward
with the palm of the hand facing out. Due to thasitioning, the upper trapeziums,
rhomboids, supraspinatus and the anterior and mniddltoids are active to abduct the

shoulder and upwardly rotate the scapula. Theateranterior also has peak activity
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during hand entry as upward rotation of the scapatars (Allegrucci, et al., 1994). Mid
pull-through begins when the hand becomes perpeladi¢co the body at the deepest
point in the water and ends when the arm is intgimkegrees of abduction and full
internal rotation. During this portion of pull-ttwgh, the pectoralis major, teres minor,
subscapularis and serratus anterior are activevialgpthe body to be pulled over the arm
(Allegrucci, et al., 1994). Late pull-through begiwhen the arm reaches ninety degrees
of abduction and full internal rotation and endshahd exit with the palm facing the
thigh. The latissimus dorsi is active throughdus phase of pull-through (Allegrucci, et
al., 1994). As the hand begins its exit from thatexr at the end of pull through, this
simultaneously signifies the beginning of the remgyphase of the freestyle stroke.

The recovery phase of the freestyle stroke mayubeligided into early and late
periods. During the early portion of the recoveuyase, the shoulder is internally
rotating, extending and abducting while the scapmilatracting. With these motions the
middle deltoid, supraspinatus, subscapularis afrdspinatus are all active (Allegrucci,
et al., 1994). During the late portion of the nexy phase, the shoulder is abducting and
internally rotating in order to position the handr fre-entry into the water. The
infraspinatus is the primary mover during the lptetion of the recovery phase as it
works to control internal rotation of the shouldgllegrucci, et al., 1994). The
biomechanics of the freestyle stroke are importaninderstand as it is the stroke used
for the majority of swim training.

Biomechanical flaws may occur in any of the fouokeé types but due to the
large amount of training that is completed with freestyle stroke, the flaws that occur

during this stroke will be examined more closeuring the early pull-through phase,

24



the hand placement in the water has been showe @ssociated with shoulder pain in
swimmers (Allegrucci, et al., 1994). Swimmers wipinful shoulders have been
observed to have hand placement further from tlttimai and in a less abducted position
upon hand entry into the water (Allegrucci, et 4B94). A dropped elbow during the
late recovery phase and early pull-through phasaather biomechanical error that is
commonly seen in swimmers with shoulder pain. Hurer is understood to be a signal
of fatigue (Allegrucci, et al., 1994; Pink & Tibon2000). The biomechanics necessary
to complete the freestyle stroke naturally pladesshoulder in a compromised position
(Allegrucci, et al., 1994). When these necessaynbchanics are performed poorly or
become poor due to fatigue, the swimmers are ai@eased risk of developing shoulder
pain.
Range of Motion

Range of motion surrounding the shoulder girdleamother factor that may
contribute to shoulder pain in swimmers. Many smiens have an increased range of
motion compared to non-swimmers. Increased rahgeton and flexibility around the
glenohumeral joint allows a swimmer to generate ianceased amount of power through
the entire pull-through phase (J. Troup, 1999)exi#lity is largely influenced by the
functional anatomy of tendons and ligaments sumdoga joint combined with the size
of the supporting musculature (J. Troup, 1999).tekhal rotation range of motion, for
example, has been shown to be ten degrees greatabduction forty degrees greater in
swimmers compared to non-swimmers (Beach, Whit@epickoff-Hoffman, 1992).
This attribute may actually enhance swimming penfomce as it allows for increased

forward elevation to permit the body and arm tochea 180 degree angle (Weldon &
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Richardson, 2001). This angle allows the bodyd@aérallel to the surface of the water
which minimizes the forward axial surface area amduces drag. Increased shoulder
range of motion also allows for greater stroke tenghich directly increases swimming
speed (Weldon & Richardson, 2001). Excessive rafgaotion, however, may also
contribute to the problems of shoulder pain in smigns. Many times swimmers have an
increased amount of external rotation at the glanadral joint at the expense of internal
rotation (Beach, et al., 1992). This may indicatdight posterior capsule that may
eventually contribute to pain over the posteriopeas of the shoulder (Beach, et al.,
1992). Increased shoulder range of motion may@sdribute to less glenohumeral joint
stability. This leads to an increased amount gfsa®ligamentous laxity which may
place the rotator cuff muscles in unfavorable pms# to maintain the length-tension
relationship that allows them to maintain the huemhdéread centered over the glenoid
fossa (Weldon & Richardson, 2001). Joint laxitgttbecomes pathologic and leads to
disability in the form of shoulder pain is also knoas instability (W. McMaster, 1999).
The increased amount of range of motion that swimmigave surrounding the
glenohumeral joint may be advantageous during caitigre but it can also be a
contributing factor to shoulder pain.
Muscular Imbalances

Muscle imbalances around the shoulder girdle atedribute to the development
of shoulder pain in swimmers. The majority of ffltrepulsion generated in the water is
provided by the upper body with minimal contributiof power from the legs (J. Troup,
1999; Weldon & Richardson, 2001). The force frdme upper body is generated by

forceful adduction of the shoulders coupled withogd extension and the pectoralis
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major, pectoralis minor and latissimus dorsi ar rtiain muscle groups responsible for
generating this upper body power (J. Troup, 199@jddh & Richardson, 2001). The
pectoralis major and the latissimus dorsi are tl@@nnmuscles responsible for internal
rotation and adduction which may lead to incream®érior shoulder strength. This may
contribute to muscular imbalances that presentvas-active and tight anterior shoulder
musculature coupled with weak, stretched postesiooulder musculature. Muscle
imbalances are a result of muscular adaptatiortstéka place as a consequence of the
amount of training involved in swimming and haveebeshown to lead to altered
neuromuscular control and abnormal movement pattassociated with elevation of the
upper extremity (Greenfield et al., 1995). Adaetshortening occurs when a muscle is
overused in a certain condition that causes itecolme tighter and shorter (Kendall, et
al., 2005) and is a consequence of muscle imbatanOpposing muscles develop stretch
weakness where they become longer and weaker (Keetal., 2005). This interaction
of opposing muscles in the upper extremity thaseamuscular imbalance is sometimes
referred to as upper cross syndrome (Janda, 19Bichws characterized by weak, deep
cervical flexors, lower trapeziums’ and serratuteaar due to tight sternocleidomastoid,
upper trapeziums and levator scapulae musclesopaise them. If shoulder pathology
develops in swimmers, muscular imbalances mustdmsidered. In the presence of
increased shoulder laxity, muscular imbalances stafg the glenohumeral joint which
may lead to instability if shoulder pain develop#.(McMaster, 1999). Previous
research has also shown that external impingenmehs@apular protraction may occur as
a consequence of over-active and tight anteriorulsleo musculature and muscle

imbalances (B. Kibler & Sciascia, 2008; Solem-B#ytdhuomas, & Westerberg, 1993).
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Fatigue

Fatigue is another contributing factor to shoulgain in swimmers. Muscle
activity increases with the onset of fatigue inagt@mpt to maintain pre-fatigue levels of
force and power (J. Troup, 1999; J. T. Troup, Sckard, G et al., 1991). The high
training volume that swimmers are subject to madI& muscular fatigue especially
when examining the serratus anterior, teres mimagraspinatus and subscapularis
muscles which are active throughout the entirekstroycle (Pink & Tibone, 2000;
Weldon & Richardson, 2001). The serratus antexads as a scapular stabilizing muscle
and assists in positioning the scapula beneathhtimeral head in such a way as to
require the minimum amount of concavity compresdram the rotator cuff muscles
(Weldon & Richardson, 2001). Scapular instabilstya result of serratus anterior fatigue.
The rhomboid muscles attempt to contract to comgtengor the fatigued serratus
anterior. The rhomboids, however, are meant tthbeantagonist muscle to the serratus
anterior and contribute to normal scapular rotatidnfatigued serratus anterior disturbs
the synchronous firing pattern that is meant tsteetween the serratus anterior and the
rhomboids leading to scapular dysfunction that mmaytribute to shoulder pain (Pink &
Tibone, 2000; Weldon & Richardson, 2001).
Impingement

Impingement contributes to shoulder pain in swinsnand is subdivided into
primary and secondary impingement. Primary impmeget occurs when there is a
mechanical obstruction of the rotator cuff tendoi$is may occur under the anterior,
inferior, lateral 1/3 of the acromion, the coracoacal ligament or the

acromioclavicular joint (Allegrucci, et al., 1994)In swimmers, primary impingement
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may occur most often during mid pull-through duethe increased adduction and
internal rotation of the shoulder (Allegrucci, & 4994). Secondary impingement refers
to the “relative” decrease in subacromial spacea assult of glenohumeral instability
which can develop from a disruption in the statigbgizers (ligament, labrum, joint
capsule) or fatigue weakness of the dynamic, mascstiabilizers (Allegrucci, et al.,
1994). During the recovery phase of the freestirieke, there is an increased chance of
primary impingement due to the positioning of tiwdder (Allegrucci, et al., 1994).
Secondary impingement is influenced by fatigue timaty occur at the rotator cuff
muscles (subscapularis, infraspinatus, teres mmomay be influenced by an increased
amount of laxity in the static restraints (Allegeucet al., 1994). During the recovery
phase of the freestyle stroke there is an increaskdor secondary impingement due to
anterior laxity and rotator cuff fatigue. Swimmexse most likely to impinge their
shoulders in the middle of the pull-through phase during the recovery phase (Yanai &
Hay, 2000). Impingement may also occur when a smeémreaches forward to “catch”
the water during the early pull-through phase. afgé moment is created about the
shoulder joint due to the fluid force exerted oe thand as it enters and “catches” the
water. This is believed to generate a large cosgire force on the subacromial
structures likely causing shoulder pain due to mgpment of these subacromial
structures (Yanai & Hay, 2000). Fatigue, rangemmftion and muscular imbalances,
which may all contribute to shoulder pain indeperlye may also be secondary causes

of shoulder pain because of their role in impingetne
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Posture

Posture is the final contributing factor to shoulgain. The accepted definition
of normal posture has been defined as a verimmaldassing through the lobe of the ear,
the seventh cervical vertebrae, the acromion pepdbe greater trochanter, just anterior
to the midline of the knee and slightly anteriorttee lateral malleolus (Kendall &
McCreary, 1983). This normal or “good” postureassociated with proper skeletal
alignment. Bones must be aligned correctly for ctess joints, ligaments, nerves and
internal organs to function well (Page, 2005). Tdoerect posture will contribute to
muscular efficiency during the completion of angkta Abnormal posture is generally
characterized as an increase in forward head aftgleard shoulder angle and thoracic
curve or thoracic kyphosis. Forward head postsirgefined as the anterior deviation of
the head as observed at the lobe of the ear itiarel® a plumb line or imaginary plumb
line (Griegel-Morris, et al., 1992). Forward shied posture is defined as the anterior
displacement of the acromion in relation to a pldmb or an imaginary plumb line and
is considered a common deviation from normal pes{@riegel-Morris, et al., 1992).
Forward shoulder posture is accompanied by the aimiuand elevation of the scapula
and a forward position of the shoulders that gheedppearance of a hollow chest as well
as the scapulae “winging” with medial rotation b&thumerus (Peterson, et al., 1997).
Thoracic kyphosis is defined as an increase in dhevexity of the thoracic spine
(Griegel-Morris, et al., 1992). Assuming postufes prolonged periods or completing
repetitive motion patterns may lead to muscle irmabe¢s that further perpetuate
abnormal posture (Kendall, et al., 2005; Sahrmaf02) and put the shoulder at risk for

developing shoulder pain.
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Poor posture is an observation that may be sebotincollegiate swimmers who
are students as well as the general student populatho are non-athletes or non-
overhead athletes. Poor posture in the generadest population may be seen due to
computer/laptop use, video game use, backpack ndestady/classroom habits. Over
eighty percent of college students today use nolebmomputers as their personal
computers (Chang, 2008). Jacobs et al. (2011)tgubiout that from 2006 to 2009,
ownership of a notebook computer by university stig increased from sixty-six
percent to eighty-eight percent with this trenahkto continue as students embrace the
portability, lightweight and space-saving featuttest laptops offer.Time spent in front
of a computer continues to increase as more and awstudents also use their notebook
computers for many different daily tasks, includiclgssroom use. With this increased
use of laptops, students are at greater risk fameldping what is known as upper
extremity musculoskeletal disorders (Jacobs e®@lll; Straker, 1997). Poor posture in
student populations may be attributable to thesiased number of hours spent in front of
the computer asotebook computers have been shown to increasesesg@do risk
factors for musculoskeletal disorders due to tleeimpact size, integrated monitor and
less than ideal input devices (Chang, 2008). Bosture is commonly seen in today’s
student population. This student population inekidollegiate swimmers.

Collegiate swimmers, who are student athletessabgect to the same lifestyle-
related postural influences as those students whonan-athletes. The non-athletes,
however, are not subjected to the rigors of therstraining schedule. Swimmers spend
the majority of their training prone (face down)thre water. It must be considered that

posture in swimmers may be influenced by factoet #re inherent in swim training.
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Normal students who do not participate in athleticsvho are not overhead athletes are
not subjected to this extra factor. Swimmers whe student athletes, however, are
subjected to the same posture-altering factorsrbahal students are subjected to along
with the additional factor of the training periodt is important to understand why

postural deviations are occurring in students dandent-athletes in order to assist in the

proper diagnosis and treatment of shoulder paithratates to posture

POSTURE AND SHOULDER PAIN

Typical swimming posture is forward head, forwahbwlder posture combined
with protracted scapulas that contribute to exeessoracic kyphosis. Posture, as it
relates to shoulder pain, is a relationship thattinaes to be explored as the two cannot
be said to have a cause-effect relationship. Woeseemed to be related through muscle
length changes, fatigue and muscular imbalancesntiag exist between agonist and
antagonist muscle groups on the anterior and postaspects of the shoulder. Muscle
length changes in forward shoulder posture mayltrasuabnormal scapulohumeral
rhythm, impingement of the rotator cuff tendonsioauoclavicular joint degeneration,
bicipital tendinitis and painful trigger areas (@sbn, et al., 1997). Forward head
posture generally means that the suboccipital reasahd the upper trapeziums' are
overly tight coupled with weak deep neck flexorad®, 2005). Forward shoulder
posture along with an increase in thoracic kyphasdicates tight pectoral muscles
coupled with weak middle and lower trapeziums'.

Muscle length changes that occur in swimming am tduthe repetitive nature of

the sport and the fact that the majority of tragnia performed using the freestyle stroke
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where the swimmer is prone in the water using thtereor musculature, including the
pectoral muscles, the serratus anterior and therupgpeziums', to generate power in the
water (Peterson, et al., 1997). The constant @igki® anterior musculature causes the
muscles to become over-developed, tight and simarpalls the shoulder girdle forward
in relation to a plumb line or an imaginary pluniel (Peterson, et al., 1997). Internal
rotators and adductor muscles surrounding the dboujirdle become stronger and
hypertrophied relative to antagonist muscles leqdin strength imbalances of the
anterior shoulder muscles in relation to postesboulder muscles. These strength
imbalances lead to forward shoulder and protrastapulae that have been associated
with painful shoulders in swimmers (Kluemper, Ul&, Hazelrigg, 2006; Rupp,
Berninger, & Hopf, 1995). The anterior pull oretBhoulder girdle by the anterior
musculature puts the posterior muscles, involveoluiling the scapulae back towards the
spine, on a constant stretch that eventually catie®s to lengthen and weaken which
contributes to forward shoulder posture (Petersein,al., 1997). Faulty postural
alignment and poor posture over time can lead twabal stress on tissues that may
contribute to shoulder pain (Page, 2005). Pootuypsesmay be implicated in shoulder
pain indirectly through muscle imbalances. Thesescle imbalances may alter
biomechanics, contribute to secondary impingememttribute to joint instability and

contribute to fatigue.

INSTRUMENTATION FOR POSTURE MEASURES

Posture measures have been attempted using sdifegegnt techniques. These

techniques include the plumb line, standing radipgs, the Baylor Square, the Double
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Square, a ruler and a digital inclinometer. Stagdiadiographs are considered the gold
standard for postural analysis (Peterson, et @B/ Lateral views are reviewed by a
board certified radiologist where a perpendicuilae lis drawn from the seventh cervical
vertebra. The horizontal distance between thegmetigular line and the anterior tip of
the left acromion is then measured (Peterson,.e1897). Even though this is the gold
standard, this is not a method that is very applecalinically due to its expense and the
amount of time required. The plumb line is a viseeasurement tool that compares
anatomical landmarks to a vertical line/string orimaginary line. The plumb line is a
vertical line passing through the lobe of the dhg seventh cervical vertebrae, the
acromial process, the greater trochanter, justriantéo the midline of the knee and
slightly anterior to the lateral malleolus (Kend&IMcCreary, 1983). Clinically, the
plumb line is very applicable and easy to use taldish a line of reference that coincides
with the midline of the body in anterior, poster@nd lateral views (Peterson, et al.,
1997). The Baylor square is also a method thatsorea the distance between the tip of
the acromion process and the spinous process gktlenth cervical vertebra without the
cost and time requirement. It is a method of pastanalysis that has the highest
correlation with radiographic measurements (Petergd al., 1997). This method is
appropriate for use in a clinic setting as measergm are taken manually with the
subject standing with their back against the wdlllevthe distance between the seventh
cervical vertebra and the anterior tip of the adgoomare measured. The Double square
method has also been used to quantify forward sleoylosition by having subjects stand
with their back against the wall while a measureimentaken from the wall to the

anterior tip of the acromion process (Petersoa).el997). Similar to the Baylor square
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technique, this is a measurement method that weilgpplicable to the clinic setting but
only has a moderate correlation with the standadjagraphic measurements (Peterson,
et al., 1997). The final two measurement techrsgirat have been used to quantify
posture measurements for analysis are a ruler cmdbwith a digital inclinometer.
Forward head translation was measured with a nwigte forward head angle was
measured using a digital inclinometer (Lynch, et 2009). Postural analysis has been
performed using a variety of techniques. Radidgiameasures are the most accurate
measure of forward head, forward shoulder postufiéis measure is not clinically
applicable, however. The Baylor square method,ploenb line method and the ruler
coupled with the digital inclinometer are the mpstable measures of posture that are

clinically applicable and able to be performed tieidy quickly with little expense.

PURPOSE AND CLINICAL RELEVANCE

Abnormal, static postural alignment that includesvard head, forward shoulder
posture combined with thoracic kyphosis and proé@scapulae may give rise to muscle
imbalances. These imbalances may be due to adagdtiortening of the anterior chest
musculature and stretch weakness of the postemapusothoracic musculature.
Maintaining forward head, forward shoulder postcwenbined with a protracted scapula
for long periods of time could change the orientatof the glenoid fossa and predispose
the shoulder to impingement and instability (Lyneh,al., 2009). Swimmers’ anterior
musculature is continually taxed as a result ofgeering the majority of their training in
the prone position, using the freestyle stroke. adidition, yardage during the training

period of the season builds gradually which plaaresncreased demand on those anterior
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chest and shoulder muscles. As swimmers reach nietimum training yardage and
training intensity just prior to the taper periatljs possible, that their forward head,
forward shoulder posture is more pronounced thamag prior to the beginning of the
training period. In addition to identifying whethéhe training period increases the
forward head, forward shoulder posture in swimntars study hopes to identify time
periods within the training period that show thesmchange in posture so that proven
intervention techniques, that include stretchingd atmengthening, can be implemented in
a timely fashion to prevent further postural changeom occurring. Exercise
interventions, over the course of a swim seasowve leeen shown to improve postural
deviations that may be associated with shoulder f@diuemper, et al., 2006; Lynch, et
al., 2009). Posture may only play a minor andrextirole in shoulder pain but if poor
posture habits can be identified and correctedefdactors are left to be considered as to

why a swimmer may be experiencing shoulder pain.
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CHAPTER 1l
METHODOLOGY

INTRODUCTION

This study looked at collegiate swimmers and comgbdheir forward head and
forward shoulder posture to a control group of sammmers or non-overhead athletes
over the course of the training period. Forwarddchand forward shoulder posture was
measured using digital photography to capture tigdeaof inclination between the line
extending from C7 to tragus and the horizontal &ne the angle of inclination between

the line extending from C7 to the shoulder andhikezontal line respectively.

POPULATION AND RECRUITMENT
Swimming Group

Subjects were recruited for both a swimming groum a control group.
Swimming group subjects were recruited from thevdrsity of North Carolina at Chapel
Hill swim team. Subjects were both males and fesdéletween the ages of 18 and 25
years old. An a priori power analysis demonstraled a minimum of 13 subjects were
needed to achieve a power of 0.9 (Harrison, BamgbG& Wojtowicz, 1996; Kluemper,

et al., 2006; Shiau & Chai, 1990), however, 42 scisj were used for the swimming



group as this was a readily available number ofext® on the UNC-Chapel Hill Swim
team who met all inclusion/exclusion criteria.
Inclusion Criteria
Swimming group subjects were included in this stifidy
e Members of the UNC-Chapel Hill Swim team
e Able to practice at least 5 times per week, 1-@rb@er practice
session
¢ Minimum of five years of competitive swimming exfgrce (Bak,

2010; Sokolovas, 2003).

Exclusion Criteria
Subjects in the swimming group were excluded ftbiw study if:

e Unable to complete the specified yardage duringtmm@on a
daily basis more than two days per week

e Had a history of shoulder surgery (Ramsi, Swamkai@k, Straub,
& Mattacola, 2004)

e Used an external, correctional posture device

e Performed rehabilitation (strengthening and stietphto target

posture deviations of forward head, forward shoupaesture

Control Group

Control group subjects were recruited from the rsity of North Carolina at
Chapel Hill. Control group subjects were non-ovarhathletes or non-athletes between
the ages of 18 and 25 years old. 42 control geulgects were age and gender matched

to the swimming group based on inclusion/exclusiateria.
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Inclusion Criteria
Control subjects were included in this study if:
e Had not participated in overhead athletics for aimum of 1 year
e Were enrolled “full time” in college
e Were gender and age-matched to the swimming grbgipo(25

years).

Exclusion Criteria
Control subjects were excluded from this study if:
e Had a history of shoulder surgery (Ramsi, et &I048.
e Used any type of external, correctional posturaadev
e Performed rehabilitation (strengthening and stietphto target
posture deviations associated with forward heaavdad shoulder

posture.

RESEARCH DESIGN

This study used a cross-sectional, repeated measegearch design to evaluate
the changes in forward head and forward shouldstup® over time in a swimming
group and control group. Both groups were phofaged four times over a five month
time period. The four measurement time periodsewaeseason (late August/early
September), mid-season (mid-October), prior taning trip (mid-December) and post-
training trip (late January). These photographeewsed to quantify changes in forward

head and forward shoulder posture at each timevaltéor each group.
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MEASUREMENTS AND INSTRUMENTATION

High resolution digital images, using a digital camy were used for postural
assessment of forward head and forward shoulddumgos Images were uploaded and
stored on a personal computer for analysis of fadweead and forward shoulder angles
using Image J software (National Institute of HealtBethesda, MD). Pain
guestionnaires, including the DASH-SM (Disabilities the Arm, Shoulder and Hand
Sports Model) and FASS-TS (Functional Arm Scale S3&wimmers Total Score), were
used to collect informational data regarding sheufzhin at each testing session.
Procedures

Subjects were introduced to the experiment anddagksign an informed consent
form approved by the University of North CarolinaGhapel Hill Institutional Review
Board. If the participant had questions regardivgprocedures or the study in general,
he/she had the opportunity to ask questions ofpfv@ary investigator at any point
during the consent procesafter consent was obtained, the primary investigatesured
that the participant met the inclusion/exclusiontecia by using a screening form
designed for either the swimming group or the aangroup. If inclusion/exclusion
criteria were met, each participant underwent tiwing testing procedures: subjects
completed a questionnaire relating to demographitd general physical assessment
designed to allow subjects to report any injuriasuired between testing sessions.
Swimming group subjects completed demographic ourest designed to collect
descriptive statistics related to age, gender,ectirparticipation level and swimming
participation history (previous/current injuriesstdnce versus sprint group etc.). Control

group subjects completed demographic questionnaiessgned to collect descriptive
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statistics related to age, gender and physicaligcti Pain questionnaires for each group
were administered at each testing session anddedluhe Disabilities of the Arm,
Shoulder and Hand Sport Module (DASH-SM) questicrenand the Functional Arm
Scale for Swimmers Total Score (FASS-TS) questisan@dapted from the Functional
Arm Scale for Throwers®©). These questionnaires wserd to examine the relationship
between shoulder pain and postural changes thratigh® research project.

Following completion of the pain questionnaire |eefive markers were placed
on the right side of each participant on the follogvanatomical landmarks: tragus, C7,
anterior tip of the acromion (Thigpen, 2006). Satgeaeceived standardized instructions
on how to properly perform an overhead squat te&fed by a demonstration from the
principal investigator of proper technique for aredhead squat task. Subjects were
instructed to complete one practice trial of therbxead squat task with an opportunity to
receive further instruction and to adjust stanSebjects were then asked to stand 40 cm
in front of a horizontal reference line to be plgraphed from the side. Subjects were
instructed to stand in “a relaxed position” whileopographs were taken. Following the
initial photograph, subjects were then instructedtamplete three overhead squats in a
row in order to distract them from the purposehaf study in an attempt to prevent them
from making corrections to their standing postuFallowing the series of three squats,
the subjects were instructed to “relax” and “standormal position” while photographs
were repeated in the sagittal plane. Subjects tmiet two additional sets, of three
squats per set, “relaxing” and “standing in norpasture” following each set to allow

for subsequent photographs to be taken.

41



Postural analysis was performed using Image J softwNational Institute of
Health, Bethesda, MD) and the landmarks that wefmed by the reflective markers on
each participant (tragus, C7, anterior tip of admmh The landmarks were digitized to
calculate the forward head angle (defined as tlgéeaof inclination of the line extending
from C7 to tragus and the horizontal line) andftrevard shoulder angle (defined as the
angle of inclination of the line extending from @rthe shoulder and the horizontal line)
for each participant. Pilot testing conducted ptio this study established intrarater
reliability and precision for forward head post@@C = 0.99, SEM = 0.11) and forward

shoulder posture (ICC = 0.99, SEM = 0.34) using theasurement technique.

DATA REDUCTION

Angles of inclination for forward head and forwastioulder posture will be
calculated using Image J software (National Institf Health, Bethesda, MD). Forward
head and forward shoulder posture was averagea(tise three pictures taken following
each squat set) for each testing session over dbese of the training period (late
August/early September to late January).

Total pain scores were calculated for the FASS-Ti8stionnaire by adding up
total responses in all sections. Pain scoreshi®@ASH-SM were calculated using the
following formula: {[(sum of n responses)-1]/n}x25These respective scores were used
to correlate pain with forward head and forwardwdtier posture in both the swimming
group and the control group at each testing sessr@ardage totals between each testing

session for each swimmer will also be correlatetth farward head and forward shoulder
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posture measures at each testing session. Fiyaltgage totals were correlated with

FASS-TS and DASH-SM pain scores.

STATISTICAL ANALYSIS

Statistical analyses were run using SPSS versidh fitware (IBM SPSS, New
York, NY). A two by four mixed model ANOVA, one tveeen factor (group) and one
within factor (time), was run to evaluate the chang forward head and forward
shoulder angles. Post-hoc testing was conductethenform of t-tests. Protected
independent t-tests were used to look at the simfidets of group on forward head and
forward shoulder posture. An adjusted alpha leoklp<0.0125 was set for all
comparisons a priori for statistical significanoe the between subjects factor. Protected
paired sample t-tests were used to look at thelsieffects of time on forward head and
forward shoulder posture in each group. An adfusipha level of $§0.017 was set for
all comparisons a priori for statistical significan for the within subjects factor.
Mauchley’s test of sphericity was used to determmeether equal variance was
assumed. Huynh-Feldt correction was used if tearaption of sphericity was violated.

An alpha level of g0.05 was set for all comparisons a priori for statal
significance for Pearson correlations run. Pearsan correlation coefficients were
calculated to analyze the following relationshipghe swimming group only: FASS-TS
and DASH-SM pain scores and forward head, forwdroukler angle measurements,
yardage totals and forward head, forward shouldgleameasurements and yardage

totals and FASS-TS and DASM-SM pain scores.
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Data Analysis Plan

Reseqrch Description Data Source Comparison Method
Question
The effect of the Angle of Angle of 2x4 Mixed Model
training period on inclination for inclination for ANOVA
forward head forward head FHP in swimming
posture in posture in group compared tq
1 collegiate swimming group angle of
swimmers versus control inclination for
group at four FHP in control
different time group at three
points different time
points
The effect of the Angle of Angle of 2x4 Mixed Model
training period on inclination for inclination for FSP ANOVA
forward shoulder | forward shoulder in swimming
posture in posture in group compared tq
2 collegiate swimming group angle of
swimmers versus control | inclination for FSP
group at four in control group at
different time three different time
points points
The differences in Angle of Angle of Paired samples t-
forward head inclination for inclination for tests
posture in the forward head FHP in swimming
swimming group posture in group across four
3 between testing | swimming group testing session
sessions versus control (late Aug./early
group at four Sept., mid-Oct.,
different time mid-Dec., late Jan
points
The differences in Angle of Angle of Paired samples t-
the forward inclination for inclination for FSP test
shoulder posture in forward shoulder in swimming
4 the swimming posture in group across four
group between | swimming group testing session
testing sessions versus control (late Aug./early
group at four Sept., mid-Oct.,
different time mid-Dec., late Jan
points
The relationship ADASH- Correlation Pearson
between the SM/AFASS-TS between the Correlation
change pain scores pain scores and | change in posture
5 and the change in AFHP for and the change in

forward head
posture in
swimmers betwee

testing sessions.’r

swimmers between
testing sessions.

pain scores in the

swimming group

between testing
sessions.
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The relationship ADASH- Correlation Pearson
between the SM/AFASS-TS between the Correlation
change in pain pain scores and | change in posture|
scores and the A ESP for and the change in
change in forward| swimmers between pPain scores in the
shoulder posture in  testing sessions.| sSwimming group
swimmers between between testing
testing sessions. sessions.
The relationship Yardage Correlation Pearson
between yardage| completed between between yardage Correlation
completed between testing sessions | completed between
testing sessions andAFHP for testing sessions
and the change in| swimmers between and the change in
forward head testing sessions. forward head
posture in the posture in
swimmers between swimmers between
testing sessions. testing sessions.
The relationship Yardage Correlation Pearson
between yardage| completed between between yardage Correlation
completed between testing sessions | completed between
testing sessions andAFSP for testing sessions
and the change in swimmers between and the change in
forward shoulder | testing sessions | forward shoulder
posture in the posture in
swimmers between swimmers between
testing sessions. testing sessions.
The relationship Yardage Correlation Pearson
between yardage| completed between between yardage Correlation

completed between
testing sessions
and the change in

pain scores at each pain scores at eac

testing session.

testing sessions
and ADASH-
SM/AFASS-TS

testing session.

completed between
testing sessions
and the change in
h pain scores at each
testing session.
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CHAPTER IV
RESULTS

SUBJECTS

Forty-seven swimming subjects were screened, netirtblusion criteria and
agreed to participate in this study prior to coriohge the first testing session (late
August/early September). The number of controljeztb matched the number of
swimming subjects at the beginning of the studyin8ners and controls were matched
by age and gender. Total subjects at the begirofitige study were ninety-four.

Forty-two swimming subjects were still includedthe study at the end of the

fourth testing session (late January). Threh@fswimming subjects (2 female, 1 male)
were removed from the study due to shoulder pgurfm and the subsequent
implementation of rehabilitation exercises that leded these subjects from further
participation in the study. Two additional swimmisubjects (1male, 1 female) were
removed from the study as they were no longer swimgnas members of the UNC-
Chapel Hill Swimming Team. Forty-two control setis were included in the study at
the end of the fourth testing session to matcmtimaber of swimmers. Control subjects
were removed if their swimming counter-part wasaead. Eighty-four subject§ éble

1) were included at the end of the study bringirgdkierall retention rate to 89%.



FORWARD HEAD POSTURE

Four testing sessions of forward head angle meamnts (late August/early
September, mid-October, mid-December and late Jgnhuere used to assess the effect
of the training period on forward head posture atiegiate swimmers compared to a
control group of non-athletes/non-overhead athle®<2x4 mixed model ANOVA was
calculated to determine the interaction effectimietand group on forward head posture.
Using Huynh-Feldt correction for equal variancesassumed, there was significant time
by group interaction of forward head posture actbssfour time pointgFig, = 4.351,
p=0.007). Simple effects were evaluated due to the significateraction term. Simple
effects were used to determine how the groupsrdif@t each time point and how each
group changed over the course of the research.study

Independent t-tests were used to examine the sieffdets of group on forward
head posture at each of the time points betweerswheming group and the control
group using an adjusted alpha level af0125. Table 2 provides the means and
standard deviations of forward head posture fohlbgups at each testing session.
Independent t-tests (equal variances not assumdaaie that there was no significant
difference in the mean forward head posture betwbenswimming group and the
control group at time 1t$=-1,449, p=0.152, md=-1.50), time 2 (ts;=-1.308, p=0.195,
md=-1.381), time 3 (tg;=-0.021, p=0.983, md=-0.022) or time 4 (§,=-2.358, p=0.021,
md=-2.356).

Paired samples t-tests were used to examine th@eseiffects of time on forward

head posture in the swimming group and the cogtr@lp between each testing session
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using an adjusted alpha level ofQ017. Table 2 provides the means and standard
deviations of forward head posture for both groapsach testing session. For the
swimming group, there was no significant differericend between time 1 and time 2
(t41=2.041, p=0.048) or time 2 and time &4;=-0.413, p=0.682) indicating that the mean
forward head posture for the swimming group did ¢t@nge significantly between these
testing sessiong-{gure 4). A significant difference was found betweendifand time

4 (t47=3.105, p=0.003) indicating that swimmers were moving into gredteward head
posture between these testing sessiéigufe 4). For the control group, there was a
significant difference found between time 1 andetig(t;;=3.734, p=0.001), time 2 and
time 3(t41=2.886, p=0.006) and time 3 and time @#1=-2.943, p=0.005). This indicates
that the control group was moving into greater fandvhead posture between times 1 and
2 and times 2 and 3 but that the forward head pestuthe control group was improving

between times 3 and FiQure 4).

FORWARD SHOULDER POSTURE
Four testing sessions of forward shoulder anglesoreanents (late August/early

September, mid-October, mid-December and late Jgnhware taken to assess the effect
of the training period on forward shoulder postureollegiate swimmers compared to a
control group of non-athletes/non-overhead athle#®<2x4 mixed model ANOVA was
calculated to determine the interaction effect iofet and group on forward shoulder
posture. There was a significant time by groupraction of forward shoulder posture
across the four time poin(6; s, = 10.605, p<0.001). Simple effects were evaluated due

to the significant interaction term. Simple effeatere used to determine how the groups
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differed at each time point and how each group gldrover the course of the research
study.

Independent t-tests were used to examine the sieffdets of group on forward
shoulder posture at each of the time points betweerswimming group and the control
group using an adjusted alpha level af0®125. Table 3 provides the means and
standard deviations of forward shoulder posturebfmth groups at each testing session.
Independent t-tests (equal variance assumed) teditet there was no significant
difference in the mean forward shoulder postureveen the swimming group and the
control group at time 1tg=1.2, p=0.233, md=2.45), time 2 (t5=2.152, p=0.034,
md=3.842) or time 4 (tg=-1.149, p=0.254, md=-2.188). There was a significant
difference in the mean forward shoulder postureveen the swimming group and the
control group at time 3tg;=2.986, p=0.004, md=5.901) indicating that the swimming
group had less forward shoulder posture than th&@aogroup at time 3.

Paired samples t-tests were used to examine th@eseiffects of time on forward
shoulder posture in the swimming group and the robrgroup between each testing
session using an adjusted alpha level €0.917. Table 3 provides the means and
standard deviations of forward shoulder posturebfath groups at each testing session.
For the swimming group, there was a significanfedé@nce found between time 1 and
time 2 (t;=-4.258, p<0.001) to indicate that forward shoulder posture was omjrgy
between these testing sessiofgre 5). There was also a significant difference found
between time 3 and time(ty;=6.773, p<0.001) indicating that the swimming group was
moving into greater forward shoulder posture betwkhese testing sessiorfdadure 5).

There was no significant difference between timan@ time 3(t41=-2.212, p=0.033)
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indicating that forward shoulder posture for thensming group did not change between
these testing sessions. For the control groupethas a significant difference found
between time 1 and time &;=-2.988, p=0.005) indicating that the forward shoulder
posture for the control group was improving betwésse testing sessionsiqure 5).
There was no significant difference found betweenet2 and time 3(t;;=-0.095,
p=0.925) and between time 3 and time (&;=-0.581, p=0.564) indicating that the
forward shoulder posture for the control group was changing between these testing

sessionsKigure 5).

CORRELATIONS

Pearsorr correlations were conducted to examine the relalignbetween the
change in FASS-TS and DASH-SM pain scores betwestimy sessions and the change
in posture at each testing session for the swimrgnogip. These pain scores were also
used to examine the relationship between the changloulder pain between testing
sessions and yardage completed between testingrseésr the swimming group.

A Pearsonr correlation coefficient was calculated to examihe telationship
between the change in FASS-TS pain scores andhtngge in forward head posture in
the swimming group. No significant relationship<Q.05) was found at time @ 40=-
0.006, p=0.970), time 3(r40=0.108, p=0.498) or time 4(r4=0.315, p=0.042). Changes
in FASS-TS pain scores between testing sessionadreelated to changes in forward
head posture in the swimming group.

A Pearsonr correlation coefficient was calculated to examihe telationship

between the change in DASH-SM pain scores andithage in forward head posture in
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the swimming group. No significant relationship<Q.05) was found at time @ 40=-
0.216, p=0.170), time 3(r4=0.073, p=0.644) or time 4(r4=0.275, p=0.078). Changes
in DASH-SM pain scores between testing sessionsatreelated to changes in forward
head posture in the swimming group.

A Pearsonr correlation coefficient was calculated to examitie
relationship between the change in FASS-TS paimescand the change in forward
shoulder posture in the swimming group. No sigaifit relationshipp<0.05) was found
at time 2(r40=-0.148, p=0.349) or time 4(r4=-0.064, p=0.689). A moderate, positive
relationship that was significarp<(0.05) was found at time @40=0.399, p=0.009), with
an R of 0.156. Changes in FASS-TS pain scores betwesting sessions 1 and 2 and
testing sessions 3 and 4 are not related to changesward shoulder posture at those
respective testing sessions in the swimming gro@manges in FASS-TS pain scores
between testing session 2 and 3, while significaraty indicate that only a small amount
(15.6%) of the change in shoulder pain as repastethe FASS-TS pain questionnaire
can be explained by the change in forward shoyddsture at testing session 3.

A Pearsonr correlation coefficient was calculated to examihe telationship
between the change in DASH-SM pain scores andithege in forward shoulder posture
in the swimming group. A moderate, positive reaship that was significant €0.05)
was found at time 3rsx=0.330, p=0.033) with an R* of 0.109. No significant
relationship §<0.05) was found at time @4=0.051, p=0.747) or time 4(r4=-0.006,
p=0.970). Changes in DASH-SM pain scores between testisgisns 1 and 2 and 3 and
4 are not related to changes in forward shouldestyve in the swimming group.

Changes in DASH-SM pain scores between testingasegand 3, while significant,
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may indicate only a small amount (10.9%) of theng/gain shoulder pain as reported on
the DASH-SM questionnaire can be explained by tlange in forward shoulder posture
at testing session 3.

A Pearsonr correlation coefficient was calculated to examihe relationship
between yardage completed between testing sesaimhghe change in forward head
posture in the swimming group. No significant tiglaship <0.05) was found at time 2
(rs0=0.176, p=0.265), time 3 (r4=0.182, p=0.249) or time 4 (r4=0.145, p=0.360).
Yardage completed between each testing sessiontisetated to changes in forward
head posture at each testing session in the swiggroup.

A Pearsonr correlation coefficient was calculated to examihe relationship
between yardage completed between testing sessmuhthe change in forward shoulder
posture in the swimming group. No significant tiglaship <0.05) was found at time 2
(r40=0.046, p=0.770), time 3 (r4=0.027, p=0.865) or time 4 (r,=0.094, p=0.553).
Yardage completed between each testing sessiontisetated to changes in forward
shoulder posture at each testing session in thasuvig group.

A Pearsonr correlation coefficient was calculated to examihe relationship
between yardage completed between testing sesaimhshe change in FASS-TS pain
scores between testing sessions in the swimmingpgroNo significant relationship
(p<0.05) was found at time @4,=-0.057, p=0.720), time 3 (r4=-0.064, p=0.688) or
time 4 (r4=-0.054, p=0.733). Yardage completed between each testing sessiaoti

related to the changes in FASS-TS pain scores keettesting sessions in the swimming

group.
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A Pearsormr correlation coefficient was calculated to exantmerelationship
between yardage completed between testing sesanohthe change in DASH-SM pain
scores between testing sessions in the swimmingpgrdlo significant relationship
(p<0.05) was found at time (240=-0.157, p=0.322, time 3(r4=0.096, p=0.544) or time
4 (r4=-0.022, p=0.890). Yardage completed between each testing sessiaut related

to the changes in DASH-SM pain scores betweemtgsgssions in the swimming

group.
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CHAPTER V
DISCUSSION

Forward head and forward shoulder posture are étyhihked because many of
the muscles responsible for shoulder motion ardifjoitht muscles that also cross the
cervical spine and head (P. Ludewig & Cook, 199%tachments of muscles between
the cervical spine, head and scapula such as {ier ti@pezium and levator scapulae
allow cervical and head positions to be possiblgrdautors to alterations in scapular
mechanics (Kendall, et al., 2005; P. Ludewig & Cab#96). Altered scapular
mechanics may predispose swimmers to the occurdrsteoulder pain that may
ultimately hinder performance and training tim&he purpose of this study was to
determine the effects of a typical swim trainingipe on forward head and forward
shoulder posture in competitive swimmers. Swingwegre age and gender matched to
a control group in order to control for lifestykectors that may also affect forward head
and forward shoulder posture in swimmers. Idemgytime points throughout the
training period where swimmers may be moving ineater forward head or forward
shoulder posture may allow clinicians to identifig tbest time to intervene with proven
intervention programs to counteract the effectsadhaptations that occur as a result of
the extensive amount of time that swimmers speaiditry. Determining whether
relationships exist between changes in forward la@adforward shoulder posture and
pain scores or yardage completed contributes tdeece that posture plays a role in

shoulder pain or that yardage completed is relatélde changes that are seen in forward



head and forward shoulder posture. Lastly, det@nmgiwhether a relationship exists
between yardage completed and changes in pain soptebutes to evidence that

training philosophies may have an effect on shoyt@en experienced by swimmers.

FORWARD SHOULDER POSTURE

There was a significant interaction between gr¢sywimming or control) and
testing session. Further analysis revealed thahswrs had significantly less forward
shoulder posture at the third testing sessioncatatig improved posture, compared with
controls. Significance seen at the third testiegsgn may be attributable to the strength
and conditioning and dryland programs that werepetad throughout the fall semester
for the swimming group. Strength and conditioniagd dryland, in particular,
emphasized posterior shoulder strengthening cordbingh mobility that included
targeted stretching for tight, anterior shouldersoulature. The control group did not
consist of collegiate athletes. Therefore, theyrahtlparticipate in an organized, targeted
strength and conditioning program to emphasizegpiostshoulder musculature strength
over the course of these three months. An orgdniaegeted strength and conditioning
program to emphasize posterior shoulder strengtigemiids in preventing postural
deviations such as forward head and forward shosilaled helps maintain good posture.
Had the control group participated in a more regited strength and conditioning
program, the significant interaction between groway not have been present.

Figure 5represents the changes in forward shoulder postateoccurred in both
the swimming group and the control group at eashing session when compared to

previous testing sessions within each group. <$iedily significant differences
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indicating improvements, or a decrease in forwdrdugler posture, were found in the
swimming group between testing sessions one and Wins trend of improved forward
shoulder posture continued between testing sessimand three, though it was not a
significant trend. Significant decreases in fomvahoulder posture may have been
attained between testing sessions one and two $&ecad the aforementioned
strength/conditioning and dryland programs impleteénat the beginning of the
collegiate season. Although researchers did natméxe the exact strength/conditioning
and dryland protocol that was being implementednduany portion of the training
period, it is feasible that no significant decreasdorward shoulder posture was seen
between testing sessions two and three becausemuaxistrength gains and
improvements in forward shoulder posture were reddbetween testing sessions one
and two. A ceiling effect may have been reachedre/ffurther improvements in forward
shoulder posture may not have been anatomicallgilpies Alternately, the lack of
significant improvement seen between testing sesstao and three may also be
attributed to the possibility that yardage was éasing between testing session two and
three more quickly than adjustments in the streiogtiditioning and dryland programs
were being made. Thus, strength/conditioning andadd programs between those
testing sessions could not combat the indirectedfef yardage completed as effectively.
Interestingly, between the third and fourth tegtsessions, the forward shoulder
posture in the swimming group was no longer impigvi Statistically significant
differences are apparent between testing sesshoee tand four, indicating that the
forward shoulder posture in the swimming group waseasing. The time between the

third and fourth testing sessions for the swimmees defined by a short period (~1
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week), at the beginning of the holiday break, whesmmers were training with their
home, club teams. They returned to UNC swim trgjrduring the winter training trip
that lasted for ten days. Upon returning to canfpus the training trip, intense training
was maintained through the end of January. Desipitdact that no relationship existed
between yardage completed and changes in forwardlddr posture in the swimming
group, yardage may be an indirect link to the cleang forward shoulder posture due to
fatigue, overuse and muscle imbalances that ocoer o the amount of yardage
completed. Variations in the strength and conditig and dryland programs over the
course of training trip may also play a secondatg m the increase in forward shoulder
posture seen between testing sessions three and fou

Swimmers are subject to early fatigue due to lirghning volumes (Bak, 2010)
because muscle activity increases in an attempiiatain pre-fatigue levels of force and
output (J. Troup, 1999; J. T. Troup, S; Crickardet&l., 1991). It has been shown that
some of the scapular positioning muscles includimg serratus anterior, teres minor,
infraspinatus andsubscapularis are all active throughout the ergtreke cycle in
freestyle swimming (Weldon & Richardson, 2001). these muscles start to fatigue,
posterior scapula stabilizing muscles such as lloenboids attempt to compensate for
fatigue occurring through the rotator cuff and aers anterior muscles (Pink & Tibone,
2000). With the winter training trip, yardage qaeted daily increasedramatically,
compared to the fall semester, with the swimmerspteting approximately eighteen to
twenty thousand yards, between two practices gioistraight days. This differs from the
practice schedule in the fall where double sessftwas practices per day) were always

followed by a session off (single practice thedualing day). During the course of the
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training trip, fatigued and overused muscles ndvad an opportunity for recovery.
Figure 6 indicates average yardage completed over the emifrshe training period.
Cumulative fatigue generated throughout the trgirperiod and fatigue following each
individual training session while on training tripkely combine to contribute to the
increase in forward shoulder posture seen. Ineseesduration and intensity of training
sessions during training trip contributed to théerthat fatigue plays in perpetuating
forward shoulder posture. Fatigued posterior siterumusculature would be unable to
counteract the overactive and tight anterior shewlchusculature, thus perpetuating
forward shoulder posture.

Yardage completed may also be an indirect linkhanges in forward shoulder
posture due to muscular adaptations. Musculartatiaps may occur as a consequence
of the training that is involved in swimming (W. Master, 1999). Completing large
amounts of yardage requires swimmers to use spgmftures/positions in the water in
repetitive motion patterns for prolonged periodoth of these factors contribute to the
development of muscular imbalances (Kendall, et 2005; Sahrmann, 2002) which
cause the agonist muscles to become tighter andeshteading to what is known as
adaptive shortening (Kendall, et al., 2005). Tisismost apparent when looking at
forward shoulder posture because the upper bogyasiding the force to move the
swimmer through the water and pull the body over dhm in the water (Allegrucci, et
al., 1994). This upper body force comes primafityn adduction and internal rotation
of the shoulder which will contribute to agonistagonist muscle imbalances
(Kluemper, et al., 2006). Muscle imbalances arotimel shoulder girdle manifest as

overly tight anterior musculature coupled with westiketched posterior musculature that
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results in an anterior pull on the joint. Overdeped, tight and shortened pectoralis
minor, serratus anterior and upper trapezium masaembined with weakened and
lengthened lower and middle trapezium muscles #natunable to pull the scapulae
toward the spine, all contribute to forward shoulgesture and protracted scapulae
(Kluemper, et al., 2006; Page, 2005; Peterson,,et307; Rupp, et al., 1995). It may be
inferred that the yardage completed created arased amount of adaptive shortening
and muscular imbalance around the shoulder girtihe longer that muscular fatigue and
imbalance lasts, the harder it is to overcome toect forward shoulder posture.

The strength and conditioning and dryland prograompleted between the third
and fourth testing sessions may be a second falotdrcontributes to the significant
increase in forward shoulder posture in the swinghgroup between the third and fourth
testing sessions. Throughout the fall semesterstimming group completed strength
and conditioning exercises three times per weekdayldnd training two times per week.
Mobility, flexibility, postural and core exercisegere completed throughout the fall to
target posterior shoulder weakness and anteriouldép tightness. Previous research
(Kluemper, et al., 2006; Lynch, et al., 2009) hasven that stretching overly tight
shoulder musculature while strengthening stretaheak posterior shoulder musculature
helps to minimize the cascade effect of muscle larimes leading to adaptive
shortening, adaptive shortening leading to postdealiations and postural deviations
leading to shoulder pathology. This study supptitese findings as forward shoulder
posture for the swimming group was actually impngvthroughout the fall semester

despite increases in yardage.
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Strength and conditioning and the dryland prograxmmpleted over the winter
training trip deviated significantly, however, frothe program completed with the
strength and conditioning coaches throughout tHheséamester. This change may have
further exacerbated the changes in forward shoyddsture seen in the swimming group
between testing sessions three and four. Thegilreand conditioning and dryland
programs were overseen by the swimming coachestmieing trip, as opposed to the
strength and conditioning coaches. This may hagsiéd differences in or lack of proper
form/technique coaching. Plyometric exercises warghasized during dryland over
winter training trip, rather than mobility, flexiliy and postural exercises. Swimmers
were also left to complete strength training laygeth their own during winter training
trip. They did not have the benefit of proper sueon for technique and form, which
they had received throughout the fall from therggth and conditioning coaches.

These differences in the strength and conditiompnggram between the fall
semester and winter training trip, coupled with erease in practice session intensity
(increased yardage over a shorter period of tinve) ¢training trip may account for the
significant increase in forward shoulder posturensen the swimming group between
testing sessions three and four. This increagardage combined with alterations in the
strength and conditioning and dryland programs msly exacerbated muscular
imbalances and adaptive shortening of the antshoulder musculature and underlined
the inability of the posterior shoulder musculattweeffectively respond. If posterior
shoulder musculature cannot balance out antermyldar musculature, forward shoulder

posture may develop and will increase as muscudlaptations and imbalances persist.
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Figure 5 also shows the changes in forward shoulder podtureéhe control
group. The control group had significant improveisein forward shoulder posture
between testing sessions one and two but thentatiange in forward shoulder posture
for the remainder of the training period. The fdw@t there is no significant change in
forward shoulder posture in the control group foe temainder of the training period
may further substantiate that it is, in fact, th&ins training and the concurrent
completion of regimented strength and conditiorang dryland programs that influence

significant changes in forward shoulder posturetti@erswimming group.

FORWARD HEAD POSTURE

There were no statistically significant differeadeetween swimmers and controls
for forward head posture at any of the four timenfs) indicating that the load completed
during the training period did not have a significaffect on forward head posture in
swimmers compared to the controls. This findingyrba attributable to the fact that
similar lifestyle factors of study time, classrodime, notebook computer use (Chang,
2008; Straker, 1997), video game use and smartceeechnology affect the forward
head posture of both groups equally. Cervicaldiexn both groups were likely weak
and stretched due to overly tight upper trapezil@vator scapulae and serratus anterior
muscles (Kendall, et al., 2005; Lynch, et al., 200Bhe strength imbalances between the
weak, stretched cervical flexors in comparisonttie upper trapezium and levator
scapulae muscles (Page, 2005) are examples ofltive shortening (Kendall, et al.,
2005) that occurs in the presence muscle imbalafWgedicMaster, 1999). The lack of

difference in forward head posture in the swimmiggpup implies that the high
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yardage/intensity training that the swimming gragmpletes during the training period
does not contribute towards further changes in &mdwhead posture in the swimming
group compared to the control group. No significaffect of the training period on

forward head posture in the swimming group is fertlsupported by the lack of

relationship between yardage completed betweeingesessions and the change in
forward head posture between testing sessions.

Figure 4 represents the changes in forward head postureticatred within the
swimming group and the control group at each tgssession when compared to
previous testing sessions within each group. Thowg significant, the swimming group
shows trends of moving into increased forward haasture between the first and second
testing sessions. Swimmers were returning to eegskason practices from summer
break and gradually increasing yardage throughepses workouts and early season
training. This is the likely explanation for theetd seen. No statistically significant
difference was seen for forward head posture irsthienming group between the second
and third testing session. As mentioned in theudision of forward shoulder posture,
this may be attributable to the fact that enougbngfth gains had been attained at this
point, due to the strength and conditioning andasiny programs, to counteract the effect
of continued yardage increases and cumulative gerd@@mpleted to that point. A
statistically significant increase in forward hepdsture for the swimming group was
seen between the third and fourth testing sessiagmsh may be attributed to the
increases in forward shoulder posture also seewveleetthese two testing sessions.

Forward head posture is generally incorporatenl patstural discussion due to the

possibility that shortened upper trapezium and ttavacapulae may alter scapular
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position, possibly contributing to shoulder patlyds (P. M. Ludewig & Cook, 2000;
Lynch, et al., 2009). It may be inferred that tlhamatic increase in yardage and training
intensity completed over training trip coupled witie difference in the strength and
conditioning and dryland programs between thedathester and winter training trip had
an indirect effect on the forward head posture @ swimmers. With strength and
conditioning and dryland programs in place throtlghfall to assist in posterior shoulder
strength and anterior shoulder flexibility, overusé synergistic muscles (upper
trapezium and levator scapulae) would be minimizéulis preventing them from
becoming shortened and overly tight. Forward headture data over the fall
corresponds with this assumption as there weregmifisant differences in forward head
posture between testing sessions one and two camaddhree. Lynch et al. (2009) points
out that few studies have investigated an interganto target forward head posture
deviations in isolation. Thus, it might be assuntbdt forward head posture was
influenced secondary to forward shoulder posture tuthe interventions targeted at
forward shoulder posture. Despite a weak relalignbetween yardage and the change
in forward head posture for the swimming groupwianrd head posture is likely indirectly
affected by yardage through fatigue and muscle lamoas as well as changes in forward
shoulder posture.

The upper trapezium and levator scapulae, whictkwgnergistically with the
rhomboids and middle trapezium to retract the skeepuvere likely compensating for the
rhomboids and middle trapezium muscles betweerthing and fourth testing sessions
when yardage increased substantially and targetesgshening exercises for these

agonist muscles were altered. This increasedsstéied load caused the upper trapezium
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and levator scapulae muscles to become overly @ghtshortened in relation to weak
cervical flexors. Page (2005) described this comaton of overly tight agonists coupled
with weak, stretched antagonists as the primarpasoe for developing forward head
posture. If the upper trapezium and levator s@pwere not being overtaxed, forward
head posture may not have changed between testsgas three and four. The lack of
focused strengthening for the cervical flexors esponding with the lack of focused
stretching for the upper trapezium and levator slz@pmuscles further perpetuated the
trend toward increased forward head posture bettestimg sessions three and four.

The forward head data for the control group furtbenfirms that fatigue and
muscle imbalances due to high training yardage aoedbwith a lack of regimented
strength and conditioning and dryland programs bmayhe biggest factor in changes in
forward head posture for the swimming group. Tloatol group had significant
increases in forward head posture over the fatl¢cberesponds to increased time spent in
the classroom, studying or using laptop computessrart device technology. While the
swimmers were also influenced by these factors, likely that the regimented strength
and conditioning and dryland programs preventedifsigint increases in forward head
posture secondary to improvements in forward shesulgbsture. Improvements in
forward head posture are seen in the control gtmipreen the third and fourth testing
session. This corresponds to the holiday breaktlaedikely decrease in time spent in
the classroom, studying or using notebook computerd smart device technology.
While the swimming group also experienced this saimerease in lifestyle factors

affecting their forward head posture due to theidagl break, they continued train,
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without a regimented strength and conditioning dndand program, and their forward

head posture increased significantly.

PAIN SCORES

A moderately strong, statistically significant teaship between the changes in
FASS-TS pain scores and forward shoulder postureeisas DASH-SM pain scores and
forward shoulder posture were found in the swimmgngup at testing session three.
This indicates that 15.6% of the change in shoupd@n reported on the FASS-TS pain
qguestionnaire and 10.9% of the change in shoulder igported on the DASHOSM pain
guestionnaire may be explained by the change iwda shoulder posture at testing
session three. This makes sense as pain scoreslikglly decreasing due to trends
towards improvement in forward shoulder posturgyre 5). This strengthens the
argument that as posture improves, pain levelsedser This significance is contrary to
a study by Richardson et al. (1980) tfaind that 83% of the subjects in their study
reported the greatest problem with shoulder painduhe early and middle portion of
the season (Richardson, Jobe, & Collins, 1980;efaj., 2004; Weldon & Richardson,
2001). The opposite trend of increasing forwardudther posture correlating with
increases in pain level, was not observed. Thevents us from making a broad
assumption that changes in forward shoulder pastnether increasing or improving,
plays a role in shoulder pain reported. No othgniBcant relationships were found
between pain scores and posture or pain scoregaaddge.

Both the FASS-TS and DASH-SM pain questionnairgs @atients about their

pain level over the course of the previous weekar@es in pain scores may have been
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better represented if the questionnaires had bemred weekly over the course of the
training period rather than only during testing ssess. Also, the FASS-TS pain
guestionnaire sought to address perceptions of Iddioypain outside of athletic
participation making it a lengthy questionnaireivéh the demographics of our subjects,
full and careful consideration may not have beemmito every question in an effort to
finish the questionnaire quickly.

Finally, consideration must be given to the typaibilete observed in this study.
Swimmers are taught from a very early age to acaeygrtain amount of pain, especially
shoulder pain, as part of their sport and as ddremg a swimmer. A study, currently in
review by Hibberd & Myers (2013), suggests thatrsmiers believe shoulder pain is
normal and acceptable and that this pain shouldoberated in order to complete
practices (Hibberd & Myers, 2013). This may havaypd a role in the lack of
significance seen in our correlation data regargiam scores. Also, many people have
difficulty distinguishing pain from general musdereness, often times mistaking muscle
soreness for pain. Our swimming sample is mostyikn the other end of that spectrum
where they may assume that the pain they are edisimply muscle soreness. This,
again, goes back to the training mentality ingrdimethem from very early on that pain

is a normal aspect of their sport.

CLINICAL SIGNIFICANCE
This is the first study to track forward head aadMard shoulder posture over the
course of a typical, collegiate, swim training peli Previous research (Hibberd, 2010;

Kluemper, et al., 2006; Lynch, et al., 2009) hasvah that improvements in forward
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head and forward shoulder posture can be madespéhific intervention programs that
incorporate stretching and strengthening techniqué@sis study sought to identify
whether or not the training period affected forwaehd and forward shoulder posture
and, if so, to isolate the most ideal time to impdat proven intervention protocols in an
effort to prevent forward head and forward shouldieviations. Incorporating a control
group allowed researchers to control for lifesti@etors that also influence forward head
and forward shoulder posture. Despite the lackelz#tionship between pain scores and
forward head and forward shoulder posture and katweain scores and yardage
completed, it is apparent that the training anddgge logged throughout the fall
semester, especially, has an indirect influencdooward head and forward shoulder
posture when comparing the swimming group to thetrob group. Paired samples t-
tests, which served as our post-hoc analysis, atelithat intervention protocols may have
the greatest effect just prior to the swimmers ilgvor their holiday break. In the
instance of this collegiate swim team, this woulel the most appropriate time for
intervention protocols as little strength trainisgperformed between the beginning of the
holiday break and the beginning of the winter tiragntrip. Home exercise programs
targeted at strengthening posterior shoulder masto@ and stretching anterior
musculature may assist in combating detrainingceffeassociated with the lack of
regimented strength and conditioning and drylaray@ams over break prior to the large
amount of yardage that is completed during theniingi trip. Maintaining these home
exercises programs throughout the training trip ma#go assist in counteracting the
effects varied strength and conditioning and dnylgmmograms used over the winter

training trip. A Certified Athletic Trainer couldssist the swimmers in completing
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targeted stretching and strengthening program theetraining trip to combat the effects
of fatigue and muscle imbalances brought on by Mglime, high intensity yardage.
This, in turn, would prevent further postural déixas that may lead to the development

of shoulder pain.

LIMITATIONS

There were limitations in the current study. Thgloout the testing sessions, all
subjects were instructed to “relax arms down aagdtnormally” at the completion of
each of the overhead squat sets. The examiner araddfort not to refer to posture
during testing sessions so subjects would not g@itéonover-correct their own posture. It
is possible, however, that subjects may not haes Iséanding in their “normal” posture
while pictures were taken. Previous studies tlaatehincluded posture measurements
have utilized a wall for subjects to stand agaiostnsure that they move from an over-
corrected posture with their back and heels flustthe wall into their “relaxed and
normal” posture (Kluemper, et al., 2006). In thigrent study, subjects were simply
asked to return to their “normal” standing positifoilowing three sets of overhead
squats. While the angle measurements for forwaat and forward shoulder posture
were averaged across the three pictures at easloisethe variability present between
each picture measurement were large at times asdnthy be attributed to differences in
“normal” posture assumed by the subject followiagheoverhead squat.

Another limitation may be in the form of reflectivearker placement. While
pilot testing demonstrated good intrarater relighilthere is always the possibility that

reflective marker placement by the examiner at etedting session added some
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variability into the averaged results at each mgstsession. Traditional palpation

techniqgues were used for every subject at evemyniesession to locate and place
reflective markers over tragus, the anterior tighef acromion and the seventh cervical
vertebrae. Ideally, the placement of the reflectimarkers needs to be able to be
reproduced exactly at each testing session in aadt&ke out this element of variability

between testing sessions.

A third limitation of this study might be the idéation of the “middle” of the
reflective marker during Image J analysis. Thedladof each reflective marker was
identified by the examiner and marked with a retlesive dot. Despite attempting to
control where the “middle” of each reflective markeas for use in Image J analysis,
minor variations in where the “middle” of each das at each testing session would also
contribute to the variability in averaged angle swwaments at each testing session. The
combined variability that is present between thentdication of the “middle” of the
reflective markers, reflective marker placement avitether or not each subject was
assuming “normal” posture for each picture at éashing session may all be limitations
in this study.

Another limitation might include the fact that aties outside of the testing
sessions were not controlled for in this study. sAsh, the strength and conditioning and
dryland program that were implemented must be densd as a possible limitation. The
UNC Swimming team adopted a new approach to dryteaiding over the course of the
2012-13 season that had not been previously udiliz& mobility program (extensive
foam rolling, stretching of both the upper and low&tremities) coupled with posture-

focused exercises and core exercises was the foondaf the dryland program this
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season. These were exercises that all individoralthe swim team completed twice a
week with the strength and conditioning coach. sThmphasis on stretching and
posterior strengthening while engaging the core heae also affected the forward head
and forward shoulder measurements that were coeaptbetoughout the training period.

Yardage totals were collected throughout the domadif this study. Yardage was
totaled between each testing session. Similarhenges made in the strength and
conditioning and dryland program this season, fenscoaches were also using a varied
approach to their swim training. Rather than renmgi in one “training group” (distance,
mid-distance, sprint/speed or IM/breaststroke) ad tnaditionally occurred in the past,
many of the swimmers trained with different growaches at different times during each
week depending on the mesocycle being completedaatpoint in the season. While
yardage totals reflect which group each swimmeorttecally trained with on any given
day, yardage records received from the coachinfj stare incomplete and did not
always represent which swimmers actually traineglach group on any given day. Thus,
yardage totals for each individual swimmer are st lestimate based on what group they
trained with the most. More accurate yardage sotahy reveal different results when
looking for relationships between the changes irdgge and the changes in forward
head and forward shoulder posture as well as theges in pain scores.

Finally, swimmers are a special type of athleteanylof them find the presence
of shoulder pain to be normal. From a very youge, dhe swimmers in this study have
most likely been told that some degree of shoujoken is to be expected. Many
swimmers opt not to mention shoulder pain untisipreventing them from completing

practice. Even then, individual pain thresholdsstrhe considered as this impacts what
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each individual athlete believes is debilitatingnpaThese consideration all factor into
the results of the FASS-TS and DASH-SM pain scol&iile instructions were given to

every subject to answer the pain questionnairethencontext of the last ~5-7 weeks
(since last testing session), there is the possiliiiat pain scores varied depending on
how the subjects felt that particular day of tegtinndividual pain thresholds must be
considered here as one individual's low pain sowag be another individual's high pain

score.

FUTURE RESEARCH

This study was meant to provide further evidenseaathe role of posture in
shoulder pain seen in swimmers especially during tifaining period of collegiate
swimmers. A similar study design as the curremt\sicould be performed to control for
activities outside of the testing sessions. Thighiinclude controlling for exercises and
stretching completed in strength and conditioning aryland programs. It might be
interesting to compare a group of swimmers who detapa regimented strength and
conditioning and dryland program with a group oframers that do not.

Research examining long-term postural changes imswrs is also needed.
This study examines postural changes within a séigrt time period of a swimmer’'s
overall career. In many cases, subjects in thidystre near the end of their careers
where postural changes may be less noticeablessrdpt to occur at this stage of their
career. A long-term, longitudinal study may rev@aportant information. Picture
analyses of young swimmers performed from the tiheyy begin swimming (~7years

old) until the possible completion of their collatg swim career would give insight into
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when postural changes may be occurring the mosimawim careers and what factors

might be contributing to these postural changesrbst.

CONCLUSIONS

This study serves as an important step in recordiranges in forward head and
forward shoulder posture over time in collegiatensmers. While this study represents
only a small time period in the overall swimmingesar of the swimmers in this study, it
is an important first step in making the arguméat further studies need to be conducted
to bring more evidence to the idea that postures gd@y a significant role in shoulder
pain in swimmers. This study also highlights tbea that changes to the culture and
psychology of swimming and pain may need to be estrd. Finally, reproducing this
study to control for the effects of strength andditoning and dryland programs would
be beneficial in further connecting postural dewviag with yardage completed and pain

Scores.
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FIGURES

FIGURE 1: Anatomical landmarks
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FIGURE 2: Forward Head Angle (FHA)
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FIGURE 3: Forward Shoulder Angle (FSA)
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FIGURE 4: Average forward head posture at each testing sebsigrou
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FIGURE 5: Average forward shoulder posture at each tes@sgion by grot
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TABLES

TABLE 1: Participant Demographics

Swim Group Control Group
Number of Subjects (n) 42 42
Males/Females 23/19 23/19
Age (years) 19.1+1.2 19.3+1.2
Mass (kg) 72.1+£7.0 69.0+12.5
Height (cm) 178.7+7.7 172.8+9.7

TABLE 2: Mean + Standard Deviation Forward Head Postur&toup

Forward Head Posture (FHP)

Time Swim meanzsd Control mean+sd
Time 1 (late Aug./early Sept.) 45.5+3.9 47.015.5
Time 2 (mid-October) 44.4+3.7 45.7+5.8
Time 3 (mid-December) 44.5+3.8 44,5154
Time 4 (late January) 43.3+3.8 45.615.2

TABLE 3: Mean * Standard Deviation Forward Shoulder PesbyrGroup

Forward Shoulder Posture (FHP)

Time Swim meanzsd Control mean+sd
Time 1 (late Aug./early Sept.) 35.6+8.9 33.2+9.8
Time 2 (mid-October) 40.4+7.5 36.5+8.8
Time 3 (mid-December) 42.5+9.5 36.6+8.5
Time 4 (late January) 34.9+9.5 37.1+7.1
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APPENDICES
APPENDIX A: The DASH Pain Questionnaire
Sports Module of the Disabilities of the Arm, Shoulder and Hand (DASH-SM)
Please circle the number that best describes yoysigal ability in the past week
where: 1 = No Difficulty (ND), 2 = Mild DifficultyMD), 3 = Moderate Difficulty
(ModD), 4 = Severe Difficulty(SD), 5 = Unable (U).

Did you have difficulty:

ND MD |ModD SD U

Using your usual technique for playing yqur
sport?

Playing your sport because of arm, shoulder
or hand pain?

Playing your sport as well as you would
like?

Spending the wusual amount of time
practicing or playing your sport?
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APPENDIX B: Functional Arm Scale for Swimmers (FASS)

Adapted from Functional Arm Scale for Throwers®© &, Dykstra, Bay, Bliven, & Snyder,
2011)

This questionnaire asks about how your arm (shoufdels. It asks about how your arm
condition affects your ability to swim and to fuioet in sport and daily activities.
Instructions: Please answer every question basegbor arm condition during the last
week by circling the number below the appropriasponse. If you did not engage in an
activity in the past week, please answer questi@sed on your estimate of how your
arm condition would affect your ability to engagethe activity.

Section 1
Please circle the number that corresponds to yatisfaction level where C =
completely, E = extremely, M = moderately, S =Islig, NS = not satisfied at all.

How satisfied are you with the way your arm is rfowctioning?

Section 2
Please circle the number that corresponds to yaugiscomfort level where N = none,
M = mild, MO = moderate, S = severe, E = extreme

Following warm-up, how much pain do you have inymmjured
arm?

How much pain or discomfort do you have in your atmight?

How much strength have you lost in your arm assaltef your
arm injury?

Section3
Please circle the number that best correspondscio guestion where N = not at all, SL =
slightly, M = moderately, SE = severely, E = extedyn

How much has your arm injury limited your ability &dvance in your
swimming event(s)?

How much have you modified your behavior to avoigkimg your arm
injury worse?
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Since your arm injury, do you have a more negadivook on life?

How much does your arm injury interfere with thirtgat are important
other than sports?

How stiff is your arm at night?

How much has your injury interfered with competitiat swim meets?

How much are you limited when lifting your arm olvead to get
dressed?

Section 4

Please circle the number that best correspondseaith question where NN = No, not at
all, YSL = Yes, slightly, YM = Yes, moderately, YSE Yes, severely, YE = Yes,
extremely

Has your enjoyment of life decreased since youriajuny?

Has your arm injury decreased how long you canigoatswimming
during a single practice or game?

Have your sports accomplishments decreased singeaym injury?

Has your life been more stressful because of yourigjury?

How much pain or discomfort do you have in your avith daily
activities involving reaching?

How much pain or discomfort do you have in your &rgou use it for
activities that last longer than 30 minutes?

Section 5
Please circle the number that best correspondsesith question where N = not at all,
SL = slightly, M = moderately, SE = severely, Urable to swim

How much has your arm injury limited your ability $wim freestyle?

How much has your arm injury limited your ability $wim butterfly?

How much has your arm injury limited your ability $wim
breaststroke?

How much has your arm injury limited your ability swim backstroke?

How weak does your arm feel during swimming?

How painful is your arm during “competition speeslimming?
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How painful is your arm during a 50-75% effort véhdwimming?
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ABSTRACT
Objective: To determine the effect of a typical swim trainpeyiod on forward head

and forward shoulder posture in competitive swinsner

Design: Cross-sectional design

Setting: University Research Laboratory, Athletic Trainingd®n

Subjects: Forty-two Division one collegiate swimmers, fottyo age/gender matched
college students

Main Outcome Measures: Forward head angle and forward shoulder angle
measurements analyzed via Image J software, sigqiin scores (FASS-TS, DASH-
SM) collected at each of four testing sessiong (fatgust/early September, mid-October,
mid-December, late January) during the trainingqgaker

Results: A significant time by group interaction of forwanéad postureH; s, =4.351,
p=0.007) and forward shoulder posture;,=10.605, p<0.001) existed across the four
testing sessions. Independent and paired samf#ststserved as post-hoc tests and
indicated significant differences between groupddowvard shoulder posture only and
significant differences within groups for forwarddd and forward shoulder posture in
both the swimming and control group. Correlatiesults indicated a small amount of
shoulder pain may be explained by changes in fahwhoulder posture at time three. No
other relationships between variables existed.

Conclusions: The results may indicate that strength/conditigrand dryland programs
may play an integral role in postural deviationsersén swimmers. Control results re-
enforce that lifestyle factors such as laptop akssroom and study time all contribute to

postural deviations that affect both groups equdilye training period and regimented
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strength training significantly affect the forwdrdad and forward shoulder posture in the
swimming group.
Key Words: swimming, posture, shoulder pain, training perjpetjodization

Word Count = 249

INTRODUCTION

Competitive swimmers begin their intense trainiegneen the ages of eight and
eleven years old where they may train three to fmuns per day across two training
sessions and log between ten and twenty thousadd par day (Bak, 2010; Costill, et
al., 1991; Kammer, et al., 1999; W. McMaster, 19898kolovas, 2003). Training time
(quantity) and training intensity (quality), alomgth frequency of training, all contribute
to the training schedule for competitive swimmerée collegiate season for a
competitive swimmer consists of approximately thikeeks, managed through the
principal of periodization, which helps to ensucerect peaking for main competitions
throughout the year (Hannula & Thornton, 2001; PR@6; Sterkel, 2001; Trappe, et
al., 2000)

The repetitive nature of swimming places swimnaran increased risk for injury
(W. McMaster, 1999; Weldon & Richardson, 2001).gRelless of stroke specialty,
eighty percent of swim training is completed uding freestyle stroke (Allegrucci, et al.,
1994; Pink & Tibone, 2000). As training hours i&se, arm strokes per year increase,
making swimming an incredibly demanding sport filates enormous stress on the
shoulder (Bak, 2010; Pink & Tibone, 2000). Fodyninety percent of complaints by

swimmers pertain to issues regarding shoulderwdamshoulder pain listed as a
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frequent reason for swimmers to miss practice (RakQ; Weldon & Richardson, 2001).
Factors that may predispose swimmers to shoulderipeude biomechanics, range of
motion, muscular imbalances, fatigue, impingemegleinohumeral joint instability and
posture (Allegrucci, et al., 1994; Beach, et 892; Greenfield, et al., 1995; Griegel-
Morris, et al., 1992; Janda, 1987; Kendall & McQyd.983; Kendall, et al., 2005; W.
McMaster, 1999; Page, 2005; Peterson, et al., 1P®@k; & Tibone, 2000; Rupp, et al.,
1995; Sahrmann, 2002; J. Troup, 1999; Weldon & &idkon, 2001; Yanai & Hay,
2000). Few studies, however, have examined changessture over time in
competitive swimmers which may contribute to theedepment of shoulder pain.

Poor posture may be implicated in shoulder pailractly due to muscle
imbalances and fatigue (Kluemper, et al., 2006eP2005; Peterson, et al., 1997; Pink
& Tibone, 2000; Rupp, et al., 1995; J. Troup, 199Bhe purpose of this study was to
examine whether a typical swim training period haceffect on forward head and
forward shoulder posture. A secondary purposetw&solate the best time to intervene
with proven, intervention exercises (Hibberd, 200ilemper, et al., 2006; Lynch, et al.,
2009) so postural deviations are prevented befatieobogy begins. Lastly, this study
examined whether relationships existed betweeifolt@ving variables: postural
deviations (FHP, FSP) and pain, postural deviat(éht?, FSP) and yardage completed

and pain and yardage completed.

MATERIALS AND METHODS

ubjects
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Forty-seven swimmers and controls were screenetthma inclusion criteria and
agreed to participate in this study. Forty-tworswiing and control (age/gender
matched) subjects were retained for the duratiadhiefstudy. The overall retention rate
for the study was 89% with a total of eighty-foubgects participatingTiable 1).
Swimming subjects were included in the study ifythheere members of the college swim
team, if they were able to practice at least fiirees per week (one to two hours per
practice) and if they had a minimum of five years@mpetitive swimming experience.
Swimming subjects were excluded from the studiefytwere unable to complete the
specified yardage during practice on a daily bamise than two days per week, if they
had a history of shoulder surgery, if they weragsin external, correctional posture
device and if they were performing rehabilitatistréngthening and stretching) to target
postural deviations associated with forward heatlifarward shoulder posture.

Control subjects were recruited from a univerpipulation. Control subjects
were included in this study if they had not papated in overhead athletics for a
minimum of one year, if they were currently enrdlléull time” in college and if they
could be age and gender matched to a swimmer.r@oibjects were excluded if they
had a history of shoulder surgery, if they wereaenitly using any type of external,
correctional posture device and if they were penfag rehabilitation (strengthening and
stretching) that targets posture deviations astatiaith forward head and forward
shoulder posture.

Procedures
Subjects were introduced to the study and screémegarticipation based on

inclusion/exclusion criteria. If included, subjeateported for testing to the university
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research lab or the university athletic trainingomo and completed a
demographics/physical assessment questionnaire, Rimectional Arm Scale for
Swimmers Total Score (FASS-TS) pain questionnadated from the FAST-TS©) and
the Disabilities of the Arm, Shoulder and Hand $pbtodel (DASH-SM) pain
guestionnaire. Reflective markers were then plawethe right side of each participant
over the following anatomical landmarks: tragus,, @Gnterior tip of the acromion
(Thigpen, 2006). Subjects received standardizeucisons on how to properly perform
an overhead squat task followed by a demonstrdtmm the principal investigator of
proper technique for an overhead squat task. eStbwere instructed to complete one
practice trial of the overhead squat task withdpportunity to receive further instruction
and to adjust stance. Subjects were then asksthim 40 cm in front of a horizontal
reference line while standing in “a relaxed positiavhile photographs were taken from
the side. Subjects completed three overhead sge#d (three squats per set) and then
instructed to “relax” and “stand in normal positiamhile a picture was taken at the end
of each squat set. This procedure was repeatedifoes over a five month period to
reflect the span of a typical swim training perifmd competitive swimmers. Testing
sessions were completed during late August/earlptédaber, mid-October, mid-
December and late January.
Data Reduction

Postural analysis was performed using Image J softwNational Institute of
Health, Bethesda, MD) and the landmarks definedhay reflective markers on each
participant. Figure 2 andFigure 3 display the landmarks that were digitized to caltail

the forward head angle (defined as the angle dihetoon of the line extending from C7
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to tragus and the horizontal line) and the forwslrdulder angle (defined as the angle of
inclination of the line extending from C7 to theoslder and the horizontal line) for each
participant. Forward head and forward shouldertyges measurement angles were
averaged for each of the four testing sessionkt feisting conducted prior to this study
established intrarater reliability and precisionflfrward head posture (ICC = 0.99, SEM
= 0.11) and forward shoulder posture (ICC = 0.99MS= 0.34) using this measurement
technique.

Total pain scores were calculated for the FASS-Ti&stionnaire Appendix B)
by adding up total responses in all sections. Bedmes for the DASH-SM questionnaire
(Appendix A) were calculated using the following formula: {ite of n responses)-
1]/n}x25. These respective scores were used teelete pain with forward head and
forward shoulder posture in the swimming groupathetesting session. Yardage totals
between each testing session were also correlatdd farward head and forward
shoulder posture measures at each testing sedsioally, yardage totals were correlated
with FASS-TS and DASH-SM pain scores.
Satistical Analysis

Statistical analyses were run using SPSS versidh fitware (IBM SPSS, New
York, NY). A two by four mixed model ANOVA, one tveeen factor (group) and one
within factor (time), was run to evaluate the chang forward head and forward
shoulder angles. Independent t-tests were usexamine the simple effects of group on
forward head and forward shoulder posture with djusted alpha level of49.0125.
Paired sample t-tests were used to look at thelsieffects of time on forward head and

forward shoulder posture in each group with an stdph alpha level of 49.017.
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Mauchley’s test of sphericity was used to determumether equal variance is assumed.
Huynh-Feldt correction was used if the assumptibspbericity was violated. An alpha
level of p<0.05 was set for the Pearsororrelations. Pearsancorrelation coefficients
were calculated to analyze the following relatiagpshin the swimming group only:
FASS-TS and DASH-SM pain scores and forward headwdrd shoulder angle
measurements, yardage totals and forward headafdrahoulder angle measurements

and yardage totals and FASS-TS and DASM-SM pairesco

RESULTS

The means and standard deviations of forward heddarward shoulder posture
for both the swimming and control groups are prestmTable 2andTable 3. A
significant time by group interaction of forwardaueposturel; s, =4.351, p=0.007) and
forward shoulder posturé&{s,=10.605, p<0.001) existed across the four testing
sessions. Independent t-tests indicated thatgmifisiant differences in forward head
posture existed between groups at any time pdétaired samples t-tests indicated that
within groups, swimmers had a significant increiasirward head posturd &ble 4)
between times three and foty;£3.105, p=0.003). Controls had a significant increase
in forward head posturd éble 4) between times one and twig;€3.734, p=0.001) and
between times two and thrég=2.886, p=0.006) but demonstrated a significant
decrease in forward head posture between times #me four(t;;=-2.943, p=0.005).

Independent t-tests indicated that between grawasy and control forward
shoulder posture differed significantly at timeeonly. Paired samples t-tests indicated

that within groups, swimmers had a significant dase in forward shoulder posture
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(Table 5) between times one and twig; €-4.258, p<0.001) and a significant increase in
forward shoulder posture between times three and(fg=6.773, p<0.001). Controls
had a significant decrease in forward shoulderyedqlable 5) between times one and
two (ts1=-2.988, p=0.005).

Pearsorr correlations were conducted to examine the relahignbetween the
change in pain scores (FASS-TS and DASH-SM) betwesting sessions and changes
in forward head and forward shoulder posture bettesting sessions. A moderate,
positive relationship that was significat<0.05) was found between the change in
FASS-TS pain scoregrs,=0.399, p=0.009) and DASH-SM pain scoresr=50.330,
p=0.033) and the change in forward shoulder postuthe swimming group at time 3
with R? values of 0.156 and 0.109 respectively. Thisdatdis that 15.6% (FASS-TS)
and 10.9% (DASH-SM) of the change in shoulder gaim be explained by the change in
forward shoulder posture at testing session 3.ofder relationships between changes in
pain scores (FASS-TS and DASH-SM) and changes mwai@l head and forward
shoulder posture existed.

Pearsorr correlations were also conducted to examine thatioglship between
yardage completed between testing sessions andyehan forward head and forward
shoulder posture between testing sessions in thenrsimg group as well as the
relationship between yardage completed betweemgesessions and the change in pain
scores (FASS-TS and DASH-SM) at each testing sessiblo relationships existed

between these variables.

DISCUSSION
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Forward head and forward shoulder posture are @hynhhked because many of
the muscles responsible for shoulder motion ardifjuitht muscles that also cross the
cervical spine and head (P. Ludewig & Cook, 1998{tachments of muscles between
the cervical spine, head and scapula, such agiber trapezium and levator scapulae,
allow cervical and head positions to be possibtdrdautors to alterations in scapular
mechanics (Kendall, et al., 2005; P. Ludewig & Cob®96). Altered scapular
mechanics may predispose swimmers to the occurdrsteoulder pain that may
ultimately hinder performance and training time.

Forward shoulder posture decreased (improved)fggntly in the swimming
group at the third time point compared with thetoolgroup. These findings may
indicate that the strength/conditioning and drylanagram completed throughout the fall
by the swimming group may have been beneficiabimlgating the elements of adaptive
shortening, muscle imbalances and fatigue (Kendtd)., 2005; W. McMaster, 1999;
Sahrmann, 2002) that all contribute to posturaiatexns. Within subjects results further
support this belief as swimmers showed significkdreases in forward shoulder posture
between testing sessions one and two with thisltcentinuing, though not significant,
between testing sessions two and three. Betwesthittd and fourth testing sessions, the
swimmers were moving into significantly greaterdard shoulder posture. The changes
seen throughout the fall (testing sessions onaitirdhree) compared with the different
changes observed over the holiday break and ganitygs(testing sessions three to four)
may be attributable to differences in strength/aomming and dryland programs
implemented at these times. The programs implemdem¢er the holiday break were not

necessarily being completed (while swimmers weradtraining with their respective
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club teams) and they incorporated fewer mobilitgt atiength exercises to target anterior
shoulder tightness and posterior shoulder weakn&lse, swimmers did not have the
benefit of being properly supervised in the progsawer the holiday break by strength
and conditioning coaches. Though correlation teguroved to be largely weak and not
significant, it is believed that yardage does @ayindirect role in postural deviations due
to fatigue and muscle imbalances which are dirgellgted to yardage completed. The
increased training intensity over the winter tragtrip and the effect of cumulative
yardage completed to that point combined with attestrength and conditioning
programs likely contributed to the increase in faradvshoulder posture observed over the
holiday break and early spring compared with theekese in forward shoulder posture
observed during the fall.

No significant difference was present betweerstienming group and the
control group in regard to forward head postufihis finding may indicate that lifestyle
factors such as study time, classroom time anadpapse (Chang, 2008; Straker, 1997)
affected forward head posture of both groups egudWithin group results imply that
the strength and conditioning and dryland progrérasthe swimming group completed
may also influence forward head posture. The uppeezium and levator scapulae may
become overly tight in order to compensate for waeak throughout scapular stabilizing
muscles. Depending on the presence or absentepnth training to target scapular
stabilizers, forward head posture will likely béluirenced in the same direction as
forward shoulder posture. While the swimmers foouMaead posture did not improve
over the fall (testing sessions one through thitbe)controls were observed to be

moving into greater forward head posture indicatheg the lack of regimented strength
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training may be the differentiating factor betwelea groups. Similarly, within group
results indicate that the swimmers moved into $icamtly greater forward head posture
over the holiday break and early spring (testirgsgms three to four) while the controls
had improved (decreased) forward head posturetbeesame time. This corresponds
with alterations in training intensity, cumulatiyardage completed and strength training
in the swimming group. This also corresponds whthholiday break for the control
group where they likely had less exposure to theeafientioned lifestyle factors that
contribute to posture deviations.

This is the first study to track forward head aadMard shoulder posture over the
course of a typical, swim training period. Prewoesearch (Hibberd, 2010; Kluemper,
et al., 2006; Lynch, et al.,, 2009) has shown tharovements in forward head and
forward shoulder posture can be made with spedifi@rvention programs that
incorporate stretching and strengthening techniqu@dis study sought to identify
whether or not the training period affected forwaehd and forward shoulder posture
and, if so, to isolate the most ideal time to impd@at proven intervention protocols in an
effort to prevent forward head and forward shouldieviations. Incorporating a control
group allowed researchers to control for lifestydetors that also influence forward head
and forward shoulder posture. Despite the lackelz#tionship between pain scores and
forward head and forward shoulder posture and batweain scores and yardage
completed, it is apparent that the training andigge logged has an indirect influence on
forward head and forward shoulder posture when esmg@ the swimming group to the
control group through the direct effect of yardagesuch factors as muscle imbalances

and fatigue. Intervention protocols may have theatpst effect just prior to the
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swimmers leaving for their holiday break due to #iftered strength training that occurs
over the break and during winter training trip. i exercise programs targeted at
strengthening posterior shoulder musculature aretcking anterior musculature may

assist in combating detraining effects associatétl the lack of regimented strength

training performed with home club teams. Maintagnithese rehabilitation exercises
throughout the training trip, under the supervisidra certified athletic trainer, may also

assist in counteracting the effects of varied gfilenraining and dryland completed over
the winter training trip. This may assist in pretreg further postural deviations that are
associated with the development of shoulder pain.

Limitations in this study include the fact that fnwal” posture assumed by
subjects varied between each picture taken desfidgs to minimize over-correcting of
“normal” posture. Small variations in reflectivearker placement as well as small
variations in determining the “center” of each eeflve marker during Image J analysis
between testing sessions may have also influenagdbility in posture data. Strength
training and dryland programs were not controlled &nd limitations in collecting
yardage data also existed which may have influenegibility in correlation analysis.
Finally, swimmers generally consider shoulder pgaifbe a normal aspect of their sport,
which may have influenced pain scores.

Future research needs to address controlling fength training and dryland
activities in the swimming group. A longitudindlidy, incorporating a larger portion of
swimmers’ careers would also provide further infatimn about postural changes in
swimmers. Observing posture changes from the stawimming careers (~7 years old)

to the completion of collegiate swimming would pidev further insight about when
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postural deviations occur and what factors mightcbetributing to these changes the

most.

CONCLUSIONS

While this study represents only a small time pknio the overall swimming
career of the swimmers in this study, it is an ingat step in recording the changes in
forward head and forward shoulder posture in competswimmers. Further research is
needed, however, to substantiate the role of p@sturshoulder pain experienced by
swimmers. This study implies that changes surrmgnthe culture and psychology of

swimming and pain may also need to be addressed.
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