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ABSTRACT

The purpose of this study was to compare shoulder flexibility, stability and
muscle strength of swimmers between pain-free and symptomatic groups. The subjects
were 30 female and 20 male athletes in swimming clubs, age 15-21 years. According
to the symptoms, half of the subjects were allocated into the pain-free group and the
other half into the symptomatic group. All subjects filled in two questionnaires and
shoulder flexibility tests and stability tests were conducted. Shoulder rotator muscle
strength was measured using Con-Trex human isokinetic at 60° and 240°/sec both

conventional and functional modes.

The results showed the tendency of compromised shoulder flexibility and
stability in pain-free group compared to symptomatic group. More subjects in the
symptomatic group had posterior capsule tightness. The anterior translation of humeral
head were found more frequently than other directions. The symptomatic group had
higher shoulder rotator peak torque ratios both concentric external rotation/concentric
internal rotation, and eccentric external rotation/concentric internal rotation than pain-
free group. These trends were found in both female and male athletes.

The results of this study indicated that the symptomatic group tended to have
less shoulder flexibility, stability and muscle strength, in particular shoulder internal
rotator muscles. Therefore, rehabilitation in swimmers with shoulder pain should
consider stretching the posterior capsule and strength training of the external and
internal rotators, emphasizing internal rotator muscles.
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CHAPTER |
INTRODUCTION

Swimming is a popular recreational activity as well as sport, especially
among young people (1-3). Performance level of athletes is known to be dependent on
many physical and mental factors such as muscle strength and flexibility, stress level
and environment status. A competitive swimmer usually has a long training duration,
averaging 10,000 meters daily. It is estimated that a swimmer has to perform 10
freestyle cycles for every 25 m., therefore the swimmer strokes approximately 4,000
cycles per shoulder on adaily basis (2,4). Only minimal recovery time is available for
muscles to recover from one stroke to the next during swimming (3).

Overhead movements during swimming can cause shoulder pain from
repetitive micro-trauma and overuse in athletes (5-7). Shoulder problem prevalence
was reported to be 66% in swimmers, 57% in professional pitchers, 44% in collegiate
volleyball players, and 29% in collegiate javelin throwers (8). A number of studies
showed that shoulder pain was the most common musculoskeletal complaint in
swimmers with reported incidence ranged from 47-87% (2,5,9). Mcmaster and Troup
found shoulder complaints to be 47% in young swimmers (13-14 years old), 66% in
older group (15-16 years old) and 73% in elite swimmers (5). Beach et al reported that
87% of swimmers had experienced shoulder pain and 69% had pain at the time of the
study (9).

Several studies found that the most common cause of shoulder pain in
swimmers is impingement syndrome under the coracoacromial arch and glenohumeral
instability (2,3,5,6,9,10). There are 50% incidence of subacromial impingement and
anterior/posterior glenohumeral subluxation in swimmers (11). Warner et al stated that
glenohumeral instability and impingement syndrome originated from an imbalance of
internal and external rotator muscles of the shoulder, accompanied with degrees of
capsular laxity and loss of capsular flexibility (10).
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Subacromial impingement is classified as primary and secondary (12,13).
Primary impingement refers to a mechanical encroachment into the subacromial space
of the humeral (12) which leads to repetitive impingement of the rotator cuff under the
coracoacromial arch (14). Secondary impingement syndrome is considered to be a
result of shoulder structural dysfunctions such as instability, scapulothoracic
weakness, and posterior capsule tightness. These factors may contribute to the subtle
anterior instability (10,12,15). Glenohumeral instability can develop from a disruption
of static stabilizers (ligament, labrum, and capsule) or fatigue as well as weakness of
the dynamic stabilizers (13).

Anterior glenohumeral laxity was reported to be highly prevalent in
backstrokers (2). The trouble points in the backstroke is when the arm touch the wall
(immediately after hand entry) while shoulder externally rotates, flexes and
horizontally abducts maximally. The force produced during this phase may clinically
result in anterior capsular laxity to the extent that the anterior inferior glenohumeral

ligament and a head of humerus may be pried anteriorly (2,17,22).

The pathomechanics of symptomatic shoulders in swimmers is suggested to
be the position of horizontal adduction and internal rotation during mid pull-through of
freestyle, backstroke and butterfly while the hand is crossed passing the midline of the
body. This position has a greater chance of impingement and has been reported to
have the highest incidence of pain (16). During recovery phase, the shoulder may be at
risk for primary impingement due to the malpositioning from the decrement in the
amount of external rotation resulted from fatiguing muscles or secondary impingement

due to anterior laxity and rotator cuff fatigue (3).

Shoulder motions during swimming need the fine tuned motions of
scapulothoracic joint. The scapulothoracic muscle weakness has been recognized as a
cause of secondary subacromial impingement syndrome (17). During the recovery
phase of swimming, the scapula should upwardly rotate and then be stabilized by the
scapulothoracic muscles in order for the hand to be placed in the water. In early pull-
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through phase, scapula downwardly rotates, so sufficient strength of the scapula
muscles is needed to prevent the abnormal mechanics (4).

Several authors conferred that an increased shoulder mobility is the etiology
for shoulder dysfunction in swimmers (2,9), while some authors discussed that lack of
mobility is the mean of dysfunction (18). Also, strength of the rotator cuff musculature
has been recognized to contribute to the pathomechanics of both impingement and
instability (14). However, reports on isokinetic strength of internal and external
rotators are till controversial (9,18-20). Three studies reported increased internal
rotation strength and decreased external rotation strength in swimmers (9,19,20).
Another study reported decreased internal rotation strength in swimmers with shoulder
pain and no difference in external rotation strength between the painful and pain-free
shoulder swimmers (18). However, the results from isokinetic strength testing of the
shoulder have significant limitations in interpretation due to the varied testing
positions and protocols (9,18-20).

Endurance ratios were suggested to be a better indicator of symptomatic
shoulder because it can identify greater deficits of the strength testing (3). However,
there were only few researches on shoulder endurance. Beach et al found an increased
pain scale in subjects with decreased endurance ratios of external rotation and
abduction (9).

To our knowledge, there was no study investigated shoulder flexibility,
strength and endurance in Thai swimmers with shoulder pain and normal shoulder.
Injuries in athletes can affect the ability to play sport and can cause the athlete to stop
playing prematurely if no proper treatment is provided. Therefore, this study aims to
evaluate shoulder flexibility, stability and muscular performance in swimmers with
shoulder pain and normal shoulder. The information from this study can be used as a
guideline for preventing further injury and planning proper rehabilitation program in
swimmers with shoulder pain.
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Pur poses of the Study
General Objective

To evaluate the patterns of shoulder flexibility, stability and muscular
performance of pain free shoulder and symptomatic shoulder in swimmers.

Specific Objective
1. Tocompare flexibility between pain-free and symptomatic shoulders.
2. To compare stability profile between pain-free and symptomatic
shoulders.
3. To compare muscle strength between pain-free and symptomatic

shoulders.

Parameters

1. Shoulder flexibility testsincluding:
- range of motions
- anterior and posterior capsule flexibility
- end feel of motions
2. Shoulder instability profile testsincluding:
- grade of glenohumeral translation in anterior-posterior direction
- grade of glenohumeral translation in inferior direction
3. Shoulder muscle performance including:
- peak torquefor ER and IR
- peak torqueratios for ER/IR

Scope of the Study

This study focused on an evaluation of the patterns of shoulder flexibility,
shoulder stability and shoulder muscular performance in competitive swimmers with
shoulder pain comparing with pain-free shoulder.
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Hypotheses of the Study

1.

The shoulder flexibility will be significantly greater in the pain-free
shoulder group compared to the symptomatic shoulder group.

The shoulder stability will be significantly greater in the pain-free
shoulder group compared to the symptomatic shoulder group.

The shoulder ER/IR strength ratios will be significantly greater in the
pain-free shoulder group compared to the symptomatic shoulder group.

Advantages of the Study

1.

This study provided patterns of shoulder flexibility, stability profile and
muscular performance in competitive swimmers.

The findings of this study can be used as a guideline for planning of
shoulder rehabilitation programs in competitive swimmers with shoulder
pain.

The findings of this study can be used as a guideline for preventing

shoulder injuries in competitive swimmers.
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CHAPTER |11
LITERATURE REVIEW

2.1 The Characteristics of Different Swimming Strokes

Competitive swimming has four different strokes including freestyle (front
crawl), backstroke, breaststroke and butterfly (11,21). The freestyle is often used as a
training stroke substituting for others. The freestyle and backstroke use alternating arm
patterns requiring body roll, whereas the butterfly and breaststroke use a simultaneous
bilateral stroke.

Thesinglearm stroke patterns rely on body roll for positioning. The use of
body roll is essential for maintaining the shoulder in an efficient position of relative
neutral. This allows muscular recruitments of both the pectorals which is placed
anteriorly and works as the adductor/internal rotator and the latissimus dorsi which is
placed posteriorly and works as the adductor/internal rotator resulting in a more
powerful stroke (11).

The hand movement through water is relatively consistent and generally
described as the S pattern. Observation of this movement demonstrates phases where
the hand moves transversely through the water. Although at first glance this appearsto
be an impediment to forward movement, this pattern also creates a lifting component
that helps propeling the body. If the arm and hand pull straight back through the water,
the body would be pulled laterally, decreasing the efficiency of forward movement.
Therefore, hand position is very crucial. It is dependent on the skill of the swimmer
and the efficiency of the forearm musculature (11).

All strokes are divided roughly into two phases: the in-water phase called
pull-through, and the out-of-water phase called recovery. This excepts the breastroke
which does not have this pattern (11).
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The pull-through phase consists of sculling, movements of pulling or pushing
water to get the most efficient and forceful propulsion. The arm starts at maximum
elevation and ends in extension. During the recovery phase, the arm returns to the
position to start another pull. Front crawl, butterfly and backstroke mainly rely on the
arms for the forward propulsion (75%), wheresas in the breaststroke the legs and arms
contribute equally (21).

2.1.1 Freestyle

The fastest stroke and the one most frequently used in practice session is the
freestyle. Freestyle stroke depends mainly on the contribution of the upper extremity
for forward propulsion, while the legs perform flutter kicks (11,21).

The pull phase of freestyle stroke is initiated with a sculling motion. The
torso is rolled about its longitudinal axis so the arm can be positioned deeper in the
water. An S-shaped curving pull is produced under the torso, with the hand ending at
the hip. During the end of the pull-through phase the shoulder is in the impingement
position of maximal adduction and internal rotation (11,21)

The recovery of one arm occurs during the pull phaseof the other arm.
Efficient recovery is based on the participation of the external rotators and body roll.
The supraspinatus and infraspinatus are active during recovery until hand entry. A
premature fatigue or an improper arm position leads to abnormal migration of the
humeral head with possible impingement.

2.1.2 Butterfly

The butterfly is the second fastest stroke. The underwater arm action is
similar to the freestyle. The arms do not alternate but move in unison through the pull
phase and the recovery. To relieve stress on the shoulders and to move faster through

the water, adolphin motion is produced with the whole body (21).

The significant differences between the butterfly compared to the freestyle
are the lack of body roll, the lack of hand rotation for breathing, and the simultaneous
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movement of the arms. The butterfly stroke is accomplished by keeping the arms apart
in the mid pull-through phase. This maintains the shoulder in a position of neutral in
rotation to horizontal adduction and horizontal abduction. Recovery of the butterfly
stroke relies on the coordination of the stroke with kicking. The legs perform a dolphin
kick, similar to the flutter kick except the legs move together (11).

2.1.3 Backstroke

In the backstroke, the arm pull is very similar to the freestyle. Yet, there are
significant differences in potential to strain the shoulder. In freestyle, the external
rotatorg/extensors of the shoulder and the adductors of the scapular work against
gravity, whereas the backstroke needs the forward flexors/internal rotators of the
shoulder and the abductors (protractor) of the scapula to work against gravity. At the
beginning of the pull-through phase, the arm is abducted and externally rotated
resulting in excessive stretch of the anterior soft tissue structures of the shoulder (11,
21). The arm is straight while entering the water, but the body roll enables the arm to
produce asimilar S-shaped pulling pattern. A flutter kick is also used (21).

2.1.4 Breaststroke

The breaststroke is different from other strokes in many manners. The arms
move together in the pull and recovery phases. The legs play a minor role in
propulsion for other strokes, whereas in the breaststroke the legs play an equal or more
important role as the arms do. Initially, the pull-through phase is similar to other
strokes, which involving shoulder adduction and internal rotation. However, as the
pull progresses, the arms are pulled outward, downward, backward and never cross the
midline. Toward the end of the pull-through, there is a rapid external rotation of the
shoulder with elbow flexion rather than elbow extension as seen in other strokes (11,
21).

Recovery of breaststroke involves a pushing motion of the arms and elbows
causing forward flexion rather than abduction to achieve full elevation. This crucial
difference of moving to elevation with flexion rather than abduction spares the rotator
cuff muscles from working to overcome the upward pull of the deltiod on the humeral
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head as happening in other strokes. The absence of rotator cuff work for balancing the
deltiod pull is probably the reason why shoulder impingement is less common with the
breaststroke (11).

Figure 2.1 Patterns of movements in different strokes (21).
(A)Freestyle (B)Butterfly (C)Backstroke (D)Breaststroke

Table 2.1 A summary of swimming strokes (11)

Stroke Phase Subphase Arm Position Primary Muscles
Freestyle | Pull-through Hand-entry Abduction, externa Serratus anterior,
and rotation, elbow rotator cuff, triceps
butterfly extension

Mid pull-through | Adduction, interna Latissmus dors,
rotation, elbow pectorals, teres major
flexion

End pull-through | Adduction, interna Latissmus dors,
rotation, elbow pectorals, teres major
extension

Recovery Elbow lift Abduction, externa Middle Ddltiod,
rotation, elbow flexion | trapezius, rhomboids,
rotator cuff, serratus
anterior
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Stroke Phase Subphase Arm Position Primary Muscles
Midrecovery Abduction, externa Infraspinatus, teres
rotation, elbow flexion | minor, serratus anterior,
deltiod
Hand-entry Abduction, nerutral Deltoid, serratus
rotation, elbow anterior, rotator cuff
extension
Back- Pull-through Hand-entry Forward flexion, Anterior deltoid, biceps,
stroke abduction, external infraspinatus, teres
rotation, elbow minor
extension
Mid pull-through | Adduction, internal Pectoralis major, teres
rotation, elbow flexion | major, latissimus dors
Recovery Elbow lift Forward flexion, Anterior deltoid, biceps,
externa rotation infraspinatus, teres
minor
Midrecovery Forward flexion, Anterior deltoid, biceps,
externa rotation, infraspinatus, teres
abduction, el bow minor, serratus anterior
flexion
Hand-entry Forward flexion, Anterior deltoid,
externa rotation, triceps, rotator cuff,
abduction, elbow serratus anterior
extension
Breast- | Pull-through Hand separation | Adduction, interna Latissmus, pectorals
stroke rotation

Mid pull-through

Adduction, internal

rotation

Latissimus, pectorals
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Table 2.1 A summary of swimming strokes (cont.)

Stroke Phase Subphase Arm Position Primary Muscles

Rapid pull-up Externa rotation, elbow | Infraspinatus, teres

and shoulder flexion minor, biceps
Recovery Elbow extension | Elbow extension Triceps,
Shoulder flexion | Shoulder flexion anterior deltoid,

coracobrachialis

2.2 Pathomechanics of Shoulder in Swimmers

Two major pathomechanics of shoulder, subacromion impingement and
glenohumeral instability, are often observed in swimmers.

2.2.1 Subacromial impingement
Overwork, subacromial loading, and hypovascularity are three main
factors possibly contributing to impingement tendinitis in the competitive swimmer
(15, 21).

- Overwork
Swimming demands continuous repetitive loads on the shoulder.
The rotator cuff muscles which work excessively to contain and stabilize the humeral

head may become progressively fatigue, increasing the subacromial loading (21).

Fatigue of the shoulder muscles during swimming leads to
deterioration of normal mechanics, particularly during recovery. External rotation
during recovery is either incompleted or delayed while arm is abducting, with
attendant subacromial impingement by the greater tuberosity (22).

- Subacromial Loading
The supraspinatus and the biceps tendons are anatomically
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susceptible to impingement. Their tendons insert on the humerus directly underneath
the coracoacromial arch. During the first half of the pull phase of freestyle stroke, the
shoulder isin forward flexion, abduction, and internal rotation. This forces the head of
the humerus under the anterior acromion and coracoacromial ligament which may
impinge on the supraspinatus and biceps tendon, particulary in the fatigue situation.
Lateral impingement may be associated with the recovery phase of freestyle and
butterfly strokes. To return to the entry position, the arm must abduct. Accompanying
with internal rotation or horizontal abduction, the head of the humerus comes up
against the lateral border of the acromion (21,22).

- Wringing-Out / Hypovascularity

During the end of the pull phase of freestyle stroke, the shoulder is
in adduction and internal rotation, a position corresponding to the wringing-out
mechanism. In adduction and neutral rotation, the tendons are strecthed tightly over
the head of humerus and their blood supply is compromised. This wringing out
mechanism, or repeated hypovascularity, may contribute to early degenerative changes
in the tendon. It occurs in the area of the tendon most vulnerable to impingement,
amplifying the potential for damage by repetitive stress (22).

Ciullo and Stevens in 1989 (18) reported that the position
of horizontal adduction and internal rotation during mid-pull-through has a greater
chance of impingement. This phase was also reported to have the highest incidence of
pain. Pink and Tibone in 2000 (23) reported that in the freestyle stroke, the first
half of pull-through was most frequently identified as the painful phase of the stroke,
approximately 70 % of symptoms were noted at this phase.

In addition to these three factors, the capsular length insufficiency
frequently causes impingement-like symptoms (24). Capsular structures play the role
in controlling normal articulation between the humeral head and the glenoid (25-27).
Excessive translation of the humeral head caused by anterior-inferior capsule and
anterior-inferior glenohumeral ligament length insufficiency. This capsular tightness
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lead to suprahumeral space compression and shoulder problems including bursitis,
impingement, rotator cuff tears and shoulder pain (24).

2.2.2 Glenohumeral instability
Increased laxity is believed to be a contributing factor of
resistant tendinitis in the athlete. A loose or lax shoulder in the competitive swimmer
may cause the rotator cuff muscles to work harder just to contain the humeral head (7,
21,28).

A study by Fowler and Webster in 1982 (29) examined swimmers
and recreational athletes to determine the incidence of shoulder laxity. The results
suggested that swimming did not predispose an athlete to increased posterior laxity.
However, 25 % of the swimmers had a history of tendinitis accompanying with
increase posterior laxity. Thus, tendinitis was always present in the lax shoulder,
suggesting arelationship between tendinitis and posterior laxity.

The motions of adduction and internal rotation during pull-through
were suggested to stress the posterior structures causing shoulder pain during this
phase (30). Likewise, abduction and external rotation during the recovery phase
of freestyle swimming might stress the anterior structures. The repetitive stresses on
the capsule during swimming might lead to laxity and possible instability and
dysfunction (3).

The study of Ronald et a in 1988 (15) demonstrated imbalance of
the shoulder muscles in throwing athletes with anterior instability of shoulder. The
mildly increased activity level of the biceps and supraspinatus suggested that these
muscles may work to compensate for anterior laxity. The reduction in activity of
pectoralis major, subscapularis, latissimus dorsi and surratus anterior reenforcing the

anterior instability by decreasing the normal internal rotation force.

The study of Harryman et a in 1990 (25) showed anterior
translation of the humeral head on the glenoid when the arm flexed and internally
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rotated. This translation was increased with an artificial tightening of the posterior
capsule. The authors suggested that secondary impingement is potentially caused by

anterior laxity and posterior capsular tightening.

The anterior glenohumeral laxity was reported to be much more
prevalent in backstrokers (2,17,22). The troublesome point in the backstroke was when
the arm touch the wall (immediately after hand entry), which shoulder externally
rotated, flexed and horizonally abducted maximally. The force produced in this
position may result clinically in anterior capsular laxity to the extent that the anterior

inferior glenohumeral ligament may become incompetent.

2.3 FactorsInfluencing Swimmer’s|njury
2.3.1 Shoulder flexibility
Griepp in 1985 found a correlation between pain and restricted
range of motion. However, he used only a test of anterior shoulder flexibility i.e., of
supraspinatus and the biceps. The test position was supine on a bench with both
forearms fully pronated and both shoulders maximally abducted horizontally,
measured the distance between the two palms as the arms dropped down (31).

Warner et a in 1990 performed a study in patients with instability
and patients with impingement. They found that patients with impingement had
greater limitation of active and passive internal rotation compared to patients with
instability. There were nearly normal range of shoulder external rotation in the
impingement group while significantly increased external rotation in the instability
group (10).

Beach et al in 1992 found that competitive swimmers had excessive
range of motions of shoulder flexion, abduction and external rotation but reduced
internal rotation. There were no correlation between pain presentation and changes in
range of motion . The limited internal rotation was the result of reactive fibrosis of the

capsular tissues because of repetitive microtrauma in impinged shoulder (9).
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Klaus Bak and Magnusson in 1997 compared the internal and
external rotation range of motions between painful and pain-free shoulders in
swimmers. The results showed no difference in internal and external range of
motions. Internal rotation tended to reduced in painful shoulders, although without
statistical significance (18).

2.3.2 Shoulder stability

Impingement as asecondary phenomenon to either glenohumeral or
scapular instability has been reported to be common in throwing athletes (10, 12,
13). Warner et a in 1990 evaluated three groups of subjects including 15
asymptomatic volunteers, 28 patients with glenohumeral instability and 10 patients
with impingement syndrome. The instability group showed a significantly greater
humeral head translation during the drawer test than the asymptomatic volunteers.
Sixty-eigth percents of these subjects also had positive impingement signs (10).

McMaster and Troup in 1993 conducted a survey in swimmers and
found that the subjective experience of “shoulder looseness’ was reported with
varying incidences from 6% in 13 - 14 year old female swimmers and increase to 15%
in elite female swimmers. The authors stated that excessive shoulder laxity could be an

important basis for the syndrome “swimmer’s shoulder” (tendinitis of the rotator cuff)

(5).

Klaus and Faung in 1997 evaluated competitive swimmers who
had shoulder pain. The results showed that the majority of subjects had increased
humeral head translation in the anteroinferior direction together with a positive
apprehension sign (6). However, whether the laxity was inherent or acquired from

swimming was still controversial.

2.3.3 Muscleimbalance
- Muscle strength of shoulder
Fakel et a in 1987 studied muscle performance of university
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team swimmers using the Cybex Il isokinetic dynamometer in prone and supine
positions at speed of 120, 180 and 240 degrees/sec. The results showed that with the

exception of 120°/sec for the external rotators, the prone postion produced

significantly greater torque values of external and internal rotation than the supine
did. The results confirmed the specificity of exercise theory in that when swimmers
were tesed in a position that most closely approximate their position during
swimming, they were able to produce higher torque values for both internal and
external rotation of the shoulder (20).

Beach et a in 1992 studied shoulder pain in competitive
swimmers and tested muscle strength using Cybex |1 isokinetic dynamometer in prone

position at speed of 607/sec. The results showed that internal rotation strength was

greater than external rotation strength by approximately a 3:2 ratio and adduction
strength was found to be greater than abduction strength by approximately a 2:1 ratio.
There was no significant correlation between external/internal rotation and

abduction/adduction strength ratios and shoulder pain in comptitive swimmers (9).

McMaster e a in 1992 evaluated muscle performance in a
control group of college-aged men and women and a study group of competitive men
and women swimmers, and subjects were tested with the Cybex Il isokinetic

dynamometer a speed of 300 and 180/sec. They were reportedly higher

adduction/abduction and internal/external strength ratios due to increased internal
rotation and adduction strength in competitive swimmers. Testing at different speeds
revealed more significant differences of muscle strength i.e, at slow speed of

contraction, muscles was capable of generating larger force (19).

Klaus and Magnusson in 1992 (18) compared shoulder strength
between painful and pain-free shoulders using a KinCom dynamometer at 30%sec. The
results showed no significant difference of external rotation strength. Symptomatic
shoulders displayed decreased internal rotation strength compared with non-
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symptomatic shoulders. Moreover, this study found an increase in the ER/IR strength
ratio which contradicted the results of previous studies (9,19).

The previous evaluations of shoulder strength have focused on
the concentric strength of the rotator cuff (9,19,20). They omitted eccentric
contractions involved in the overhead motion. Wilk et al in 1993 called for the use of a
“functional ratio” that included eccentric testing of the shoulder external rotator

muscles and concentric testing of the internal rotator muscles (32).

Scoville et a in 1997 evaluated this functional ratio in overhead
athletes using the KinCom isokinetic dynamometer a 90%sec and reported ratios of
1.05 and 1.08 to 1 for the nondominant and dominant shoulder respectively. The
results supported that eccentric external rotation torques should be greater than

concentric internal torques (33).

Noffal GJ in 2003 calculated the functional ratio at 300/sec
using Biodex isokinetic dynamometer. The results revealed that the dominant arm of
throwers had a significantly lower ratio than that of nonthrowers and significantly
higher concentric internal rotation peak torques for throwers. They concluded that the
functional ratio was important for clinicians in interpreting isokinetic strength tests for
both nonthrowers and elite throwers (34).

- Muscle endurance of shoulder
Beach et a in1992 evaluated muscle endurance of competitive
swimmers with shoulder pain using Cybex Il isokinetic dynamometer in prone

position at speed of 2407/sec. They found moderately high negative correlation

between isokinetic endurance ratio of external rotation and abduction and shoulder

pain (9).
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2.4 Shoulder Examination
2.4.1 Range of motion
The measurement of active ROM is performed to clarify the
causative structures of the symptoms. It is important to use either an arthrodial
protraction or an inclinometer to measure the ranges of motion bilaterally for
comparison between sides (11,35,36). This study includes measuring all glenohumeral
movements througout their ranges.

- Flexion: Normal flexion range is 160 to 180 degrees. The subject
may complain of pain when flexing the shoulder. This motion is most commonly

affected by impingement syndrome and condition affecting the biceps tendon (35).

- Extension: Normal extension range is 45 to 60 degrees. During the
measurement the shoulder should be stabilize anteriorly so the subject cannot lean

forward as the arm extending (35).

- Internal Rotation with arm at side: Normal internal rotation range
is 60 to 90 degrees. Internal rotation is primarily affected by diseases that affect the
integrity of the shoulder joint, leaving it vulnerable to dislocate. However, movement
limitation is expected in case of chronic dislocation (35).

- External Rotation with arm at side. Normal range of external
rotation is 80 to 90 degrees. In the case of subcoracoid bursitis, the external rotators
will be limited and painful (35).

- Abduction: Normal abduction is 170 to 180 degrees. In case of
the purest test for abduction, the supination of the palm at 90 degrees allows the
greater tuberosity to move out and away from the coracoid process (35).

Various clues can be uncovered when observing active ROM
including (11,36):
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1) Painful initation of movement (often indicating an unstable
shoulder or tendon tear).
2) Attempts at modifying movement by :
a. Recruitment of muscles not normally needed for a particular
movement for example, upper trapezius contraction for forward flexion or abduction.
b. Useof trunk or body substitution to simulate or compensate
a particular movement for example, laterally bending the trunk to initiate abduction
with atorn rotator cuff.
3) A specific mid-range arc of painful ROM. The painful arc
indicates subacromial impingement.
4) End-range restrictions and their cause which could be weakness,
tigthness, or pain.
5) Mild restriction is common in a number of conditions, such as
stiffness following immobilization, trauma, surgery, cuff injury or arthritis.
6) Moderate or severe restriction, particularly in the absence of

trauma, suggests adhesive capsulitis as a probable cause.

2.4.2 Capsuleflexibility
1) Anterior capsular length
- This part of the capsule is tested by the subject performing
active elevation progression with increasing amounts of abduction and external
rotation. If insufficient capsular length exists, the involved shoulder will ride higher,
the taut anterior-inferior glenohumeral ligament will prevent further glide in the joint
and motion will come from the scapulothoracic joint (24).

2) Posterior capsular length
- Active motions of flexion with internal rotation and reaching
behind the back place primary tension on the posterior capsule and the posterior band
of the inferior glenohumeral ligament complex. The involved side will show a

decrease in active range of motion and pain (24).
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- The subject is in supine with 90° shoulder abduction with

internal rotation. The evaluator provides over-pressure for end feel and symptom
reproduction. The involved side will come off the table earlier with internal rotation
and will be firmer and painful during overpressure (24).
2.4.3 Impingement testing
All of the following tests rely on reproducing the patient’s symptoms
by manipulating the shoulder in a way that is thought to mechanically irritate the
rotator cuff (36).

1) Painful arc
The painful arc is an observation of pain on active abduction

through arange of 70 to 110 degrees with less or no pain before and after this range.

2) Neer'stest
Inthis test, the examiner attempts to jam the humerus under the
arch. Pain reproduced is more end-range pain without the characteristic painful arc
found in abduction (36).

3) Hawkins-Kennedy’stest
This test takes advantage of the increase in subacromial
compression with internal rotation of the humerus. This will produce more of an end-
range pain felt anteriorly if impingement is present. Resisted active internal rotation in
the Hawkins-Kennedy’ s position may functionally add the sensitivity to the test (36).
In addition, the rotator cuff tendinitis often occurs accompanying
with shoulder impingement. The rotator cuff muscles are assessed individually.

4) The supraspinatus test
This test is assessed at 90 degrees of flexion in the scapular
plane with the thumbs pointed to the floor. Downward pressure is applied resistance
by the tester. This test is supposedly specific for evaluation of the supraspinatus
function and reasonably accurate in assessment of rotator cuff strength and integrity
(36).
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5) Pogterior cuff including infraspinatus and teres minor tests
The tests are examined by having the patient externally rotate
against resistance with arm at the side and elbow 90° flexed (36).

6) The lift off test
Thistest is used to evaluate subscapularis strength and integrity
by having the patient lifts the hand away from the low back (22).

Values of impingement tests

Hyung et al in 2005 studied the diagnostic values of eight clinical
tests including the Neer impingement sign, Hawkins-Kennedy impingement sign,
painful arc sign, supraspinatus muscle strength test, Speed test, cross-body adduction
test, drop-arm sign and infraspinatus muscle strength tests in patients with rotator cuff
tendinitis or bursitis, partial-thickness rotator cuff tears and full-thickness rotator cuff
tears. The results of rotator cuff tendinitis or bursitis showed that the Neer
impingement sign was the most sensitive (85.7%) test with highest positive predictive
value (20.9%) and highest negative predictive value (95.7%). For the patients with
partial- thickness rotator cuff tears, the researchers found that the Neer and the
Hawkins-Kennedy impingement sign were highly sensitive (75.4%), the Neer
impingement sign had the highest positive predictive value (18.1%) and the highest
negative predictive value (92.6%). The authors suggested that the combination of
examinations would provide greater accuracy (37).

Holtby and Razmjou in 2004 investigated the validity of the
supraspinatus test in patients with decompression rotator cuff pathology (tendonitis
and partial tears) and full-thickness tears (large or massive). The results showed that
the sensitivity and specificity of the supraspinatus test for supraspinatus tendonitis and
partial-thickness tears were 62% and 54%, respectively. The sensitivity and specificity
of full-thickness tears were 41% and 70%, respectively (38).

MacDonald et a in 2000 evaluated the diagnostic accuracy of the

Neer and Hawkins impingement signs for subacromial bursitis or rotator cuff tearing.
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The Neer sign had a sensitivity of 75%, negative predictive value of 82.9% and
specificity of 47.5% for subacromial bursitis. The Hawkins sign had a sensitivity of
92%, negative predictive value of 93.1% and specificity of 44.3% for subacromial
bursitis. The sensitivity for rotator cuff tearing was 85% of the Neer sign and 88% of
the Hawkins sign, a negative predictive value of 89.7% for the Hawkins sign and
88.6% for the Neer sign and the specificity was 42.6% for the Hawkins sign and
50.8% for the Neer sign (39).

Calis et a in 2000 investigated the diagnostic values of clinical
diagnostic tests in patients with subacromial impingement syndrome. The clinical tests
had the sensitivity of 92.1% for Hawkins test, 88.7% for Neer test and 82% for
horizontal adduction test and the specificity of 97.2% for drop arm test, 86.1% for
Yergason test and 80.5% for painful arc test. Three tests with the highest negative
predictive values were 56.2%, 52.3% and 41.6% for Hawkins, Neer and Speed test
respectively. Accuracy ratio values were the highest of 72.8% for Hawkins test, 72%
for Neer test and 66.4% for horizontal adduction test (40).

Christian and Robert in 1991 studied in patient post-traumatic
rupture of the tendon of the subscapularis muscle. The result found that the lift-off test

can be interpreted accurately if active internal rotation is not limited by pain (41).

From studies showed the Neer and Hawkins sign are the most
accurate test for making the diagnosis of subacromial bursitis and rotator cuff partial
tearing, the painful arc and the drop-arm sign are the most accurate for making the
diagnosis of full-thickness rotator cuff tear. However, sensitivity the painful arc is low.
The supraspinatus test is helpful in diagnosing large or massive rotator cuff tears and
the lift off test isreliable diagnosed relevant rupture of the subscapularis tendon.

2.4.4 Ligament laxity test
Examination for ligamentous laxity is helpful, particularly in the
young athletic population, and in patients with suspected instability. Laxity can be
assessed by observing if the patient has the following signs: the elbow hypertension,
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the metacarpophalangeal joint of the little finger for hyperextension, knee
hyperextension and the thumb to-the-forearm sign. The presence of these signs
suggests a generalized laxity pattern that may contribute or predispose to instability
(36,42).

2.4.5 Shoulder instability test
Examination for instability of the shoulder is difficult to perform,
especially to stabilize scapula while testing glenohumeral joint specifically (11). The
following tests are commonly used for assessing shoulder stability.

1) Load and shift test

The examination is performed while the patient sits, the
examiner places one hand over the patient’s shoulder and scapula to steady the limb
girdle and grasps the humeral head with the other hand (24). The examiner then
attempts to translate the humeral head in three directions i.e., anterior, posterior and
inferior. The amount of anterior translation should not exceed about 25% of the
glenoid surface whereas posterior translation and inferior translation should not exceed
50% (43).

The following grading system is used (11):

a) Grade I: subluxation without dislocation. This grade
indicates a greater than 50% translation of the humeral head. There is no clunking
sensation although grinding is noted.

b) Gradell: dislocation and the humeral head returns to the
initial position.

c) Grade Il1: locked dislocation. The examiner is able to lock
the humeral head over the glenoid.

Inferior stability usually involved a distracting force at the
elbow (11).
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2) Shoulder apprehension test
The apprehension test is performed in the supine or seated
position, although maximum muscle relaxation is best achieved with the patient
supine. The role of pain needs to be interpreted because frequently a patient may not
be apprehensive in this position but only painful. Pain alone is not a postive
apprehension sign (22).

- Anterior apprehension test

To perform the apprehension test, The examiner places a
hand over the shoulder with the index finger over the anterior part of humeral head,
the middle finger over the coracoid, and the thumb on the posterior part of the humeral
head (11).

The patient’s arm in 90° abduction and external rotation, a
posterior to anterior force is applied to the proximal humerus. A sense of apprehension
or pain is produced if the test is positive (11, 22).

- Posterior apprehension test
The examiner placesthe pateint’s arm into forward flexion
with the forearm internally rotated. A posterior directed force is applied through the
elbow in an attempt to elicit apprehension. Posterior apprehension is not commonly
present and not areliable sign. With posterior stress, patients who has pain may resist
the motion and this is sometimes errorneously interpreted as apprehension (11, 22).

3) Shoulder drawer test
This is performed with the patient in supine position to make
the measurement more reliable (22).

- Anterior drawer test
This test is used to detect and grade laxity. It can also be
performed on painful shoulders where the apprehension test is difficult to interpret. It
enables the evaluator to diagnose anterior subluxations unequivocally even in patients
with a negative apprehension test. The affected shoulder is held in 80" to 120" of
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abduction, O to 20° of forward flexion, and O to 30° of external rotation. The examiner

press the scapular spine forward with index and middle fingers, thumb exerts counter-
pressure on the coracoid process. The other hand grasps the patient’s relaxed upper

armin itsresting position and draws the arm anteriorly (44).

- Posterior drawer test
The instable shoulder is usually presented with either
anterior instability or inferior instability or the combination of both directions. The
case of unidirectional posterior instability often has history of voluntarily subluxated
shoulder in forward flexion and medial rotation. The examination is performed by
abducting shoulder 80 to 120, forward flexion 20° to 30" and flex the elbow. The

examiner holds the scapula with index and middle fingers on the scapular spine, while
the thumb lies immediately lateral to the coracoid process. The examiner then slightly

rotates the upper arm medially and flexes it to approximately 60° or 80" while the
thumb feels the subluxation of the humeral head posteriorly (44).

- Inferior drawer test
Thistest is done with the patient uprigth and the shoulder in
the neutral position. The clinical diagnosis is made by gentle traction on the relaxed
upper arm. Indication of laxity is the appearance of a sulcus between the acromion and
the humeral head, thus thistest is also known as the sulcus sign (36,44).

2.5 Isokinetic Test
The term “isokinetics’ can be translated as “constant movement speed”.

It describes a process in which a body segment moves through a certain range at a
preselected fixed speed (27).

Dynamic isokinetic testing includes two basic types. The passive type
has a rotary force-input lever that limits the speed of the subject’s movement during

maximum contraction to a preselected angular velocity. The active type has a
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servocontrolled input level programmed to move at a constant preset speed as the
subject exerts effort against the lever (46).

| sokinetic exercise has major advantage over other exercise modalities
because the dynamometer's resistance can accommodate maximal resistance
throughout range of motion. Isokinetic exercise is also safer than isotonic owing to
the dynamometer’s resistance mechanism which essentially disengages when pain or
discomfort is experienced by the patient (47). Isokinetic exercise is measured and
recorded the quantification of torque, peak torque, work, power, average power and
time rate to torque development (47,48).

The amount of force applied by the subject is measured in the axis of
rotation as torque (Nm) which is displayed both numerically and graphically. Those
torque curves are related to the amount of muscle force.

Torque is force times perpendicular distance from the axis of rotation
when a muscle is stimulated to contract (11,47,48). Peak torque is the highest point on
the graph regardless of where it occurs in the range of motion (49). Peak force or
torque is likely to occur within the midrange of motion. Work is amount of tension
produced by the force and distance of muscle contraction. Power is the quantity of
time required to produce work of muscle (47).

Muscle strength can be defined as the ability to generate maximal force
for very short durations or for a small number of repetitions. Muscular endurance is
related to the sub-maximal muscle force. The number of repetitive, of sub-maximal

dynamic contractions will define the level of muscular endurance (45).

The Con-Trex M? is one of the newest devices which allows testing and
training of all major joints of the human body. The large velocity spectrum (0%sec-
500°/sec) enables subjects to exercise at their functional speeds (45).
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Studies of many commercial dynamometer systems have shown that
they are accurate in their measurements of torque and have good or excellent test and
retest reliability, particularly after proper instruction and familiarization of the subjects
with the testing procedures (50-56).

For muscle endurance regardless how it is measured, the test and retest
reliability is usually low. There is also little or no correlation between muscle
endurance and the functional status (56-59).

251 Theisokinetic mode
A muscle can produce dynamic tension by either shortening or
lengthening. If the joint motion is in the direction opposite to the gravitational force
and the external resistance encountered, the tension produced by the muscle exceeds
the joint motion is in the direction of the contraction is concentric. If the joint motion
is in the direction of the gravitational force and the external resistance encountered

exceeds the muscle’s ability to generate tension, the contraction is eccentric (47).

In the isokinetic mode the maximal velocity is controlled. When the
patient tries to go faster than the predetermined velocity, the dynamometer produces
an equal counterforce to ensure that the set velocity is not exceeded (45).

- Mode Con/Con
In Con/Con mode, both movements are in the same direction as
the torque/force produced by the patient. Two opposing groups of muscles are used in
alternating mode, one group when moving in one direction followed by the opposing
group when moving in the other direction. The active muscle group undergoes
shortening while creates the movement. The torque limitation depends solely on the
action of the patient (45).

- Mode Ecc/Con
In ECC/Con mode, the first movement runs against the direction
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of the resistant offered by the patient. Here the dynamometer is producing the work,
while the patient absorbs the energy. The second movement is in the same direction as
torque/force produced by the patient. The dynamometer absorbs the energy produced
by the patient. Only one muscle group is used throughout the whole motion. In one

direction, the active muscle group undergoes lengthening (eccentric), and in other
direction, the same muscle group undergoes shortening (concentric). The torque

limitation depends on the action of the patient (45).

- Mode Con/Ecc
In Con/Ecc mode, the first movement is in the same direction as
torque/force produced by the patient. The dynamometer absorbs the energy produced
by the patient. The second movement runs against the direction of the resistant offered
by the patient. Only one muscle group is used throughout the whole motion. In the
direction of the movement of the adapter, the active muscle group undergoes

shortening (concentric), and in the direction against the movement of the adapter,
muscle group undergoes lengthening (eccentric). The torque limitation depends on the

action of the patient (45).

- Mode Ecc/Ecc
In Ecc/Ecc mode, both movements runs against the direction of
the resistance offered by the patient. The dynamometer is producing the work, while
the patient absorbs the energy. Two opposing groups of muscles are used in alternating
manner, one group when moving in one direction followed by the opposing group
when moving in the other direction. So the active muscle group undergoes
lengthening. The torque limitation depends on the action of the patient (45).

2.5.2 Isokinetic angular velocity classification
According to the angular velocity classifications for isokinetic testing

devices, there are four classes of velocities i.e., the slow velocity (15°-60°/sec), the
intermediate velocity (60-180°/sec), the fast velocity (180°-200°/sec) and 300-
500°/sec(11).
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2.5.3 Body position and stabilization
Position and stabilization on a dynamometer are designed to isolate
the target muscle group and to eliminate contribution from accessory muscle groups.
Therefore, in measuring shoulder muscles, the subject should be straped at both waist
and chest (47).

2.5.4 Gravity correction
| sokinetic assessment involves movement of a limb through a gravity
dependent position. Gravity correction is a procedure aiming to account for the weight
of the dynamometer’s lever arm and the limb being tested. The importance of gravity
correction in obtaining valid strength measures, failure to correct gravity also

confounds determination of reciprocal muscle group ratios (47).

255 Test protocal
- Warmup
Each test protocol should be started with a warm up session. Good
reliability of measurement was reported using a warm-up protocol in obtianing
measures of peak torque, work and power during assessment of knee and shoulder
flexion, extension, internal and external rotation (60).

- Rest
A period of rest for 30-60 seconds is sufficient for recovery after
four maximal repetitions at any test velocity, depending on the nature of the test. The
endurance test with over 30 repetitions requires at least 1 minute of rest (47).

- Tedst velocity
Testing at slow velocity is recommended to be undertaken first. It
would facilitate motor learning at a slow velocity prior to testing at faster
velocities (61).

- Number of test repetitions

Multiple contractions are necessary to obtain a true maximal value
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of force or torque (47). Maximum torque is typically evaluated from the first
two to six contractions (62). Three or four repetitions were reccommended to

achieve measurement of maximal torque (47).

- Verbal encouragement
Encouragement is likely to stimulate a maximum effort during any

kind of strength assessment or performance (47).

2.5.6 Effect of position and speed on isokinetic testing
The phenomenon reported by several researchers that as velocity
increases, torque increases during eccentric muscle contractions and decreases during

concentric muscle contractions (61,62,64).

Walmsley and Szybbo in 1987 studied in healthy female university
students by using Cybex 11® Isokinetic Dynamometer in three positions (neutral, 90° of
flexion, 90rof abduction) and at three speeds of contraction (60, 120 and 180°/sec). The

results showed that the greatest torque for the internal rotator muscles were achieved
in neutral position, while the maximum value for the external rotators was developed
in 90 of shoulder flexion. The test speed of 60°/sec was shown to produce the highest

torque values for the external rotator muscles (65).

Hageman et al in 1989 studied in dominant shoulder of healthy male
and female by using KIN-COM? robotic dynamometer in sitting position at speed of
60" and 180°/sec. Theresults showed that peak torque was significantly greater in

45> glenohumeral abduction position compared to 45 glenohumeral flexion position

during eccentric and concentric external rotation for both females and males, and for
eccentric internal rotation in females. The peak torque of concentric internal rotation
was decreased significantly at the higher speed in males and peak torque of eccentric
external rotation increased significantly at the higher speed in females (66).
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CHARTER I
MATERIALSAND METHODS

3.1 Subjects

Male and female subjects with the following characteristics were invited to
participate in this study.
- competitive swimmers
- ageranged from 15 to 21 years
- participate one of swimming clubs
The subject was excluded from the study if he or she has :
- history of shoulder instability or shoulder injury
- shoulder pain which effect swimming training (pain scale IV to VI,
adapted from Griepp (68) see appendix B)
The swimmer’ s shoulder pain scale at the time of examination was
assessed according to the pain level adapted from Griepp
(O : Nopan
(1) : Occasional shoulder pain which lasts less than two hours. No
problem.
(2) : Shoulder pain lasting longer than 2 hours following swim
practice.
(3) : Shoulder pain experienced on forceful arm movements.
(4) : Shoulder pain which was annoying for perhaps eight hours a
day. Could have affected the practice abilities.
(5) : Painwas very annoying. Almost certainly affected the ability to
practice hard.
(6) : Severe shoulder pain, lasting at least 12 hoursaday (unless|
used ice, medication, etc). Almost impossible to practiced hard.
Subjects were alocated into one of two groups according to their presence

of pain during examination.
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All subjects were explained about the objective, process of testing and
equipment. Each subject signed an informed consent (Appendix F) prior to
participating in the study. The present study was approved by the Ethical Committee
on research involving human subject, Faculty of Medicine Sirirg) Hospital, Mahidol

University.

Design of the study
This study was a cross-sectional study aiming to determine the patterns of
shoulder flexibility, stability and muscular performance of pain-free shoulder and

symptomatic shoulder in competitive swimmers.

3.2 Instrumentation
1. Universal goniometer
2. Isokinetic dynamometer
This study used the Con-Trex human isokinetic® (AG, Swizerland)
(figure 3.1) for assessing muscular performance of shoulder joint. The data
from isokinetic dynamometer included torque parameters, acceleration and

deceleration characteristics and muscular performance parameters (10).

Figure 3.1 Con-trex human isokinetic.
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3. The United States Swimming Sport Medicine Shoulder Pain Questionnaire

(adapted from Troup (9) see appendix B) was used to obtain the following
information:

swimming training profile

flexibility program

strengthening program

history of shoulder pain

4. Swimmer’s Shoulder Pain Scale (adapted from Greipp (68) see appendix B)

3.3

ted,

Shoulder Examination

Shoulder examination included general appearance, palpation, impingement
ligament laxity test, shoulder flexibility, shoulder stability and shoulder muscle

performance. Range of motion and shoulder muscle performance were assessed by

the researcher. The rest of the tests were evaluated by an orthopedist (Dr. Bavornrit

Chuckpaiwong).

1. General appearance and palpation
The examiner performs the following observation and palpation
- general muscular contour of both shoulders
- shoulder height
- tender structures of shoulder
2. Impingement test (11)
The following tests were performed to evaluate presentation of
impingement lesions.

2.1 Hawkin-Kennedy's test. This test was performed in sitting. The
subject’s arm was set in internal rotation with the shoulder
forward flexed 90 degrees and elbow bent to 90 degrees. The
examiner supports the arm at the elbow with one hand while the
other imports more internal rotation by pressing on the dorsal wrist.
This procedure would produce an end-range pain felt anteriorly if
impingement was present.

2.2 Neer's test. Thistest was performed in sitting by passively flexing to
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2.3

24

25

2.6

end range the supinated arm with the elbow extend, the examiner
attempts to jam the humerus under the arch. The positive sign of this
test wasto produce an end- range pain.

Empty Can test for the supraspinatus. The test was performed in
ganding. The subject abducts the arm in the scapula plane
which was approximately 30 to 40 degrees forward to the coronal
planeand the arm maximally internally rotated so that the thumb
points toward the ground.

Resisted external rotation with arm at side. The test was performed
with the arm at the side for the infraspinatus in sitting position. The
subject was resisted external rotation with the elbow bent 90 degrees.

Resisted external rotation with arm 90° abduction. The test was

performed with the arm abduct 90 degrees for the teres minor in
sitting. The subject was resisted external rotation with the arm
abducted to 90 degrees and the elbow bent 90 degrees.

Lift-off test for the subscapularis. The test was performed in
standing. The subject lifted the hand which was placed back away
from the small of the back.

Figure 3.2 Hawkin-Kennedy’ s test.
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Figure 3.3 Neer’s test.

3. Ligament laxity test. The generalized ligamentous laxity was assessed
according to criteria described by Carter and Willkinson(42). These criteria
were 1) hyperextension of the fingers metacarpophalangeal joint beyond
90°, 2) elbow hypertension beyond 107, 3) knee hypertension beyond 10,

4) apposition of the thumb to the flexor aspect of the forearm. A person
was classified as having generally hypermobility if three or more than
three of these criteriawere met.
4.  Shoulder flexibility (69):
4.1 Range of motion was tested using the universal goniometer as following:

a. Active flexion. The range was measured in sitting with the palm of the
hand in neutral position and the elbow extended with the arm to be
lifted to side of the head.

b. Active extension. The range was measured in prone with palm of the
hand in neutral position and the elbow extended with the arm over the
table.

c. Active horizontal abduction and adduction. The ranges are measured

in sitting position with shoulder flexion to 90", the forearmwasin

the neutral position and the elbow flexed.
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d. Active internal and external rotation with armat side. The ranges

were measured with arm at side and elbow flexion 90° in sitting.
e. Active external rotation at 90° of shoulder abduction. The range

was measured with shoulder abduction 90-and elbow flexion 90° in
supine.

f. Active internal rotation at 90° of shoulder abduction. The range was

measured with shoulder abduction 90° and elbow flexion 90° in prone.

0. Active abduction. The range was measured in sitting position with the
plam of the hand facing upward and the elbow extension.
4.2 Anterior and pogterior capsule flexibility
a. Anterior capsule flexibility (24) was tested as follows:

- flexion

elevation in scapular plan (hands in front of trochanter )

abduction with thumbs up (hands begin even with trochanter)

- hyperabduction with thumbs up (hands begin behind trochanter)
b. Posterior capsule flexibility (24) was tested as follows:

- reach behind the back

flexion with maximal internal rotation

- The subject was in supine with arm abducting to 907, the examiner

then the subject arm internally rotates until anterior shoulder begins
to come off the table and provide over-pressure for end feel and
symptom reproduction.
4.3 Muscle length test (6)
a. Pectoralis major muscle
: Shoulder abduction to 90°with elbow flexed. Subject wasin supine

with the shoulder was moved to maximal horizontal abduction.

Length and end-feel of the motion were observed.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physical Therapy) / 37

b. External rotator muscles (supraspinatus, infraspinatus and teres
minor muscle)
: The shoulder was abducted to 90° with elbow flexed and moved to

maximal internal rotation. Length and end-feel of the motion were
observed.
c. Subscapularis muscle
: The shoulder was abducted to 90" with elbow flexed and moved to

maximal external rotation. Length and end-feel of the motion were
observed.

5. Shoulder laxity:
5.1 anterior, posterior and inferior drawer tests (10,44).
a. The anterior drawer test
: This test was performed with the subject supine. The subject’s
shoulder was abducted with external rotation. Pressure was
exerted anteriorly while the scapula is fixed.
b. The posterior drawer test
: This test was performed with the elbow flexed and the shoulder
abducted and forward flexed. The examiner holded the scapula
with thumb was placed lateral to the coracoid process while
posterior pressure was applied.
c. The inferior drawer test (sulcus sign)
: Thistest was done with subject sitting uprigth and the shoulder in
the neutral position. The stress was applied to the upper arm.
The test results were determined by grading the degree of humeral translation

in each direction as follows :
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Anterior and Pogterior drawer test

0 : No perceived movement of
the humeral head.

1+ : Humeral head movesto
glenoid rim, but not over it.

2+ : Humeral head subluxates
over glenoid rim, and
spontaneously reduces.

3+ : Frank dislocation of
humeral head over

glenoid rim with locking.
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Inferior drawer test (sulcussign)

0 : Noinferior translation of
humeral head.

1+ : <5 mm. inferior translation
of humeral head.

2+ : 5-10 mm. inferior translation
of humeral head.

3+ : > 10 mm. inferior translation
of humeral head.

Figure 3.4 Anterior drawer test.
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Figure 3.5 Inferior drawer test.

6. Shouder muscle performance:
6.1 Strength of all shoulder muscle groups were tested with a Con-
Trex human isokinetic and the Con-Trex data reduction computer (45). The parameter
of strength was peak torque (the maximum torque produced by the shoulder at any
point in the range of motion) (10) . Strength (peak torque) ratios was obtained for

internal/external rotation at 60°/sec and 240°/sec during the external/internal rotation
tedt, the subject was in supine position with flexed elbow 90and abducted
shoulder 90°. The position of the dynamometer was aligned with the joint axis of

rotation. Velcro straps were used to stabilize the waist and chest. The testing procedure
would be explained to the subjects before testing. Each subject would perform a
warm up session prior to the testing. The warm up session consisted of stretching and
completing five submaximal repetitions at the specified speed prior to testing. Subject
performed a stretching protocol by sustaining each stretch for 30 seconds, repeating for 5
times (70). The muscles stretched were supraspinatus, infraspinatus, subscapularis,
teres minor and pectoralis major. Following stretching, the subject warms up by
performing 5 submaximal each session. A 30-second rest took place between warm-up
and the initiation of the test. The test included three repetitions of maximum effort at 60

°/sec and 240°/sec with external concentric and eccentric contracting and internal

concentric contraction with 30 seconds rest between each period. The testing protocol
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was demonstrated in figure 3.13. During the test, the subject was verbally encouraged to
move the shoulder as hard and as fast as possible against the lever. The subject
looked at the computer screen for visual feedback on hisher performance during the
tedts. Following testing session, the subject performed a 5- minute stretching of shoulder
muscles for cooling down. The Con-Trex human isokinetic was calibrated according to
the manufacturer’ s specifications before the testing begin.

Figure 3.6 Isokinetic testing position.

3.4 Procedure

The procedure of this study was as follows :

1. The researcher explained the purpose and procedure of the study to the subject
prior to participation.

2. All subjects wereinterviewed for personal profile dataincludind age, sex, entry
into swimming, weight, height, and asked to fill in two questionnaires, The
United States Swimming Sport Medicine Shoulder Pain Questionnaire and
Swimmer’s Shoulder Pain Scale.

3. Subjects who met all inclusion criteria signed the consent form.

4. The subjects were tested the shoulder flexibility including range of motion,
anterior and pogterior capsule flexibility and end feel range of motion.

5. The shoulder laxity including anterior, posterior and inferior (sulcus sign) drawer
tests were evaluated.
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6. Subjects were tested muscle strength ratios usng a Con-Trex human

isokinetic in supine position for internal/external rotation with the arm at 90°

abduction.

Figure 3.8 Inpraspinatus stretching.
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Figure 3.9 Subscapularis and pectoralis major stretching.

Figure 3.10 Teres minor stretching.
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Warm-up
Stretching and concentric isokinetic testing 5 submaximal
repetitions at 60° /sec
3 30 secondsrest
ERwor/| Reon 3 maximal reps at 60° /sec

3 30 secondsrest

ERwon/I Reon 5 submaximal, rest 30s. and 3 maximal reps at 240° /sec
3 30 secondsrest

EReo/IReon 5 Submaximal, rest 30s. and 3 maximal reps at 60° /sec

3 30 secondsrest

EReo/|Reon 5 Submaximal, rest 30s. and 3 maximal reps at 240° /sec

Cool-down (strecthing)

Figure 3.11 Isokinetic testing protocol.
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3.5 Data analysis

The statistic analysis was performed with value set at 0.05.

1. The Kolmogorov Smirnov Goodness of Fit tet wasused to test the
distribution of the data

2. Descriptive statistics were used to describe the age, sex, weight and height of
pain-free shoulder group and symtomatic shoulder group.

3. Unpaired t-test was used for between-group differences to compare the
shoulder flexibility, stability and muscular performance between pain-free
shoulders and symptomatic shoulder if the data were normally distributed.
Mann-Whitney U test was used if the data were not normal distributed.
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3.6 Sample Size Calculation
The sample size was calculated by the following formula

n = S°p(Za+Zb)?

D2
n = sample size for each group

Szp = (n1-1)821+(n2-1)822

n+n-2
if np=m
n; = subjectsof sympyomatic group in the pilot study
n; = subjectsof pain-free group in the pilot study
§%; = variance of sympyomatic group in the pilot study
S%, = variance of pain-free group in the pilot study
Za =

Z-value when set the confident level equal to 95% or
significance level at 0.05 (a = 0.05) = 1.645

Z, = Z-valuewhen set the confident level equal to 90% (b =0.1)

=1.282

D = thedifference of means of parameter between symptomatic

and pain- free groupsin the pilot study

For the sample size calculation from conventional peak torque ratio at

240° /sec, the appropriate sample size for each group in the present study was 23
subjects.



Raveewan Kulimakin Results/ 46

CHAPTER IV
RESULTS

4.1 Characteristics of Subjects

The participants of this study were thirty female and twenty male athletes with
age ranging from 15 to 21 years. Half of female and male subjects were symptomatic
and the other half were pain-free. The characteristics of subjects in each group are
presented in tables 4.1 and 4.2. Both groups were similar in age, weight, height and
body mass index (BMI) with no significant differences between groups (p>0.05).

In term of training profile, the average swimming experience of the athletes in
this study were seven years in pain-free group and eight years in symptomatic group.
The pain-free group usually trained 6 days/week, with an average swimming distance
of 6,600 meters/day while the symptomatic group trained 6 days/week, with an
average of 6,800 meters/day. All swimmers practiced 11 months per year (= 1 month).
Ninety-six percents of pain-free group and 60% of symptomatic group stretched
everytime prior to workout. Forty-four percents of the pain-free group and 28% of
symptomatic group were on dumbell or weight training program. Forty-four percents
of the pain-free group and sixty percents of the symptomatic group used elastic band
for training. Seventy-six percents of the pain-free group had ever used hand paddles
and 20% presently used. Thirty-two percents of the symptomatic group had ever used
hand paddles and 68% presently used. Thirty-six percents of the pain-free group and
20% of the symptomatic group used kickboard for training.

In term of symptom profile, 86% of swimmers had experienced shoulder pain
with reported VAS ranging from 1 to 6 out of 10. Among the female athletes in
symptomatic group, 33% had shoulder pain less than two hours, 30% had shoulder
pain longer than 2 hours and 47% had shoulder pain on forceful arm movements.
Among the male athletes in symptomatic group, 70% had shoulder pain less than two



Fac. of Grad. Studies, Mahidol Univ M.Sc.(Physical Therapy) / 47

hours, 10% had shoulder pain longer than 2 hours and 20% had shoulder pain on

forceful arm movements.

Table 4.1 Characteristics of female subjects

Subject’s Pain-free group | Symptomatic group p-value®
characteristics (n=15) (n=15)
Age (years) 16.07 £ 1.28 15.80+ 1.57 0.614
Weight (kg) 53.50 + 6.53 53.53 + 4.60 0.987
Height (cm) 163.20 + 5.39 163.67 + 4.22 0.794
BMI (kg.m”) 20.03 + 1.57 19.98 + 1.31 0.930
a; p-value from unpaired t-test.
Table 4.2 Characteristics of male subjects
Subject’s Pain-free group | Symptomatic group p-value®
characteristics (n=10) (n=10)
Age (years) 17.00 + 1.89 16.40 + 1.35 0.425
Weight (kg) 68.60 + 5.65 66.14 + 7.70 0.427
Height (cm) 175.40 + 2.88 177.60 + 6.28 0.332
BMI (kg.m) 22.31+ 1.90 20.90 + 1.35 0.074

&, p-value from unpaired t-test.

4.2 Pattern of Shoulder Flexibility
4.2.1 Shoulder flexibility of female athletes

The examinations of shoulder muscle length in female athletes in both groups
showed no tigthness of muscles. However, posterior capsule tightness was found in

three female athletes in pain-free group and eleven female athletes in symptomatic

group.

The data of shoulder range of motion of both groups are presented in table 4.3.
The results showed no significant differences of all shoulder range of motions in pain-
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free group and symptomatic group (p>0.05). The range of motions of symptomatic
group were dightly less than pain-free group in all directions.

Table 4.3 Shoulder range of motion of female athletes

ROM of shoulder Pain-free group Symptomatic group p-val ue?

(degrees) (n=15) (n=15)

Lt. Rt. Lt. Rt. Lt. Rt.

Flexion 183.27+1.28 | 183.13+1.30 | 182.80+1.01 | 183.27+1.39 | 0.278 | 0.788
Extension 63.73+3.15 | 64.20+3.21 | 62.27+2.31 | 62.33+2.47 | 0.158 | 0.086
Horizonta 48.00£2.54 | 47.80+2.76 | 47.00+2.54 | 46.33+2.97 | 0.289 | 0.172
abduction
Horizonta 125.47+0.99 | 125.53+1.46 | 124.00+2.80 | 124.00+2.80 | 0.073 | 0.074
adduction
Abduction 183.07+1.28 | 183.80+1.01 | 182.80+0.68 | 183.47+1.13 | 0.483 | 0.401
Int. rot. with 90° 72.13+3.34 | 72.60+3.07 | 70.73+1.44 | 71.13+2.07 | 0.152 | 0.137
abduction
Ext. rot. with 01.87+1.92 | 92.27+1.94 | 90.53+1.92 | 91.40+1.30 | 0.068 | 0.164
90°abduction
Int. rot. with arm 74.73+2.47 75.87+2.90 | 73.13+2.53 | 74.00£3.32 | 0.092 | 0.112
at side
Ext. rot. with arm 82.67+3.06 84.33+3.60 | 80.33+2.09 | 82.27+2.22 | 0.176 | 0.071
at side

&, p-value from unpaired t-test.

4.2.2 Shoulder flexibility of male athletes

The shoulder muscle length assessments in male athletes in both groups also
showed no tigthness of muscles. The posterior capsule tightness was found in six male
athletes in pain-free group and seven male athletes in symptomatic group.

The comparisons between groups on shoulder range of motions in table 4.4
showed significant differences of left shoulder flexion, shoulder extension, shoulder

internal and external rotations with 90° abduction of both sides and left internal
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of the symptomatic group were less than those of pain-free group.

Table 4.4 Shoulder range of motions of male athletes

ROM of shoulder Pain-free group Symptomatic group p-value

(degrees) (n=10) (n=10)

Lt. Rt. Lt. Rt. Lt. Rt.

Flexion 183.50+1.18 | 183.20+1.32 | 182.30+1.34 | 183.27+1.39 | 0.048" | 0.080
Extension 66.00+2.11 | 66.30+2.31 | 61.50+4.47 | 62.70+3.43 | 0.017 | 0.015
Horizontal 46.50+2.42 | 48.00+3.50 | 47.00+2.58 | 47.00+2.58 | 0.660 | 0.477
abduction
Horozontal 124.80+1.93 | 125.50+1.58 | 124.00+2.11 | 123.50+3.38 | 0.388 | 0.114
adduction
Abduction 183.50+0.85 | 183.50+1.08 | 183.20+1.14 | 182.90+1.52 | 0515 | 0325
Int. rot. with 73.00+2.58 | 73.60+3.03 | 70.90+1.66 | 70.70+2.87 | 0.047 | 0.041
90°abduction
Ext. rot. with 92.60+2.12 | 93.40+2.17 | 90.60+1.08 | 91.20+1.40 | 0.019 | 0.016
90°abduction
Int. rot. with arm 76.30+2.63 | 76.30#353 | 73.50+2.12 | 74.50+2.59 | 0.018 | 0212
at side
Ext.rot. witharm | 82.60+2.37 | 83.50+2.42 | 81.60+2.17 | 82.40+2.41 | 0.338 | 0.322
at side

*gatistically significant by unpaired t-test (p<0.05)

4.3 Pattern of Shoulder I nstability

The joint laxity tests in this study composed of four standard tests (42). A
subject would be determined to have overall joint laxity when three or more than three
of these tests were positive. The numbers of athletes with positive joint laxity test are
presented in tables 4.5 and 4.7

In this study, shoulder laxity tests consisted of anterior drawer test, posterior
drawer tes and sulcus sign. The test results were catgorized into three levels.
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Glenohumeral instability was defined as more than grade 2+ translation in any
direction (6). Number of athletes presenting shoulder instability are presented in tables
4.6 and 4.8

In female athletes, the results showed a higher tendency of joint laxity in the
symptomatic group compared to pain-free group. The number of athletes with
shoulder stability in symptomatic group were less than the number of pain-free group.

For the male athletes, the results showed the same trend of joint laxity in both
groups. However, the number of athletes with shoulder instability in symptomeatic

group were more than the number of in pain-free group.

Table 4.5 The results of joint laxity test in female athletes

Joint laxity test Number of pain-free Number of symptomatic
group group
Lt. Rt. L j Rt.
Positive 5 5 8
Negative 10 10 % 7
Total i, 15 15 15
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Table 4.6 The results of shoulder laxity testsin female athletes

Shoulder laxity Number of pain-free Number of symptomatic
group (n=15) group (n=15)
Lt. Rt. Lt. Rt.

Anterior Drawer Test

- 0 1. 1 1 1
- 1+ 13 13 10 9
- 2+ 1 1 4 5
- 3+ - _ o -
Posterior Drawer Test

- 0 9 9 7 7
- 1+ 6 6 7 7
- 2+ - - 1 1
- 3+ - - - -
Sulcus Sign

- 0 2 2 1 1
- 1+ 15 13 13 13
- 2+ - - 1 1
- 3+ S i A -

Table 4.7 The results of joint laxity test in male athletes

Joint laxity test Number of pain-free Number of symptomatic
group group
i Rt. Lt. Rt.
Positive 4 4 4 4
Negative 6 6 6 6
Total 10 10 10 10
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Table 4.8 The results of shoulder laxity testsin male athletes

Shoulder laxity Number of pain-free Number of symptomatic
group (n=10) group (n=10)
Lt. Rt. Lt. Rt.
Anterior Drawer Test
- 0 2 2 - -
- 1+ 3 5 6 6
- 2+ 3 3 4 4
- 3+ - = = -
Posterior Drawer Test
- 0 5 5
- 1+ 4 4
- 2+ - - 1 1
- 3+ - - - -
Sulcus Sign
- 0 2 2 - -
- M 6 6 8 8
- 2+ 2 2 2 2
- 3+ % - - -

4.4 Pattern of Shoulder M uscle Strength
In this study, shoulder muscle strengths were measured in term of peak torque

(Nm) and ratio of pesk torque (%) a 60/sec and 240/sec in supine position. The

measurements of peak torque ratio were performed as consisted of conventional ratio
(ERcon : IR con) and functional ratio (ERecx : IR con).

4.4.1 Shoulder muscle strength of female athletes

The peak torques of conventional test are presented in table 4.9. The results
showed significant differences of peak torques between two groups (p<0.05) in
internal rotation and external rotations at 60°/sec of both sides and internal rotation at

240 /sec of both sides. All of the conventional muscle peak torques of symptometic

group were less than those of pain-free group.

The peak torques of functional tests are presented in table 4.10. There
were significant differences between two groups (p<0.05) in internal rotation and
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external rotation at 60°/sec and 240°/sec in both shoulders. Functional muscle torques

of symptomatic group were less than those of pain-free group.

The data of shoulder rotator peak torqueratios are presented in table 4.11.

There were significant differences between both groups at 60°/sec and 240°/sec, when

tested in conventional ratio. The significant differences were found in the conventional
ratio a 60/sec of both shoulders and right shoulder conventional ratio at 240°/sec

(p<0.05). In addition, all of muscle strength ratios of symptomatic group were higher
than those in pain-free group.

Table 4.9 Shoulder conventional muscle peak torque (Nm) of female athletes

Conventional Pain-free group Symptomatic group p-value

muscle (n=15) (n=15)

strength (Nm) Lt. Rt. Lt. Rt. Lt. Rt.
Int. Rot. 32.56+3.96 | 38.87+6.67 | 26.13+4.71 | 24.84+6.29 | 0.0001" | 0.0001
(60°/sec)

Ext. Rot. 19.42+2.26 | 2355+3.75 | 16.55+3.14 | 17.62+3.53 | 0.008" | 0.0001"
(60°/sec)

Int. Rot. 30.73+5.10 | 34.10+6.65 | 26.47+3.20 | 26.14+2.64 | 0.012° | 0.0001
(240°/sec)

Ext. Rot. 19.29+2.36 | 22.11+4.06 | 17.81+2.85 | 19.52+2.79 | 0.131 | 0.075
(240°/sec)

*gatistical significance by unpaired t-test (p<0.05)
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Table 4.10 Shoulder functional muscle peak torque (Nm) of female athletes

Functional Pain-free group Symptomatic group p-value
muscle (n=15) (n=15)
strength (Nm) Lt. Rt. Lt. Rt. Lt. Rt.
Int. Rot. 29.60+4.21 | 35.26+6.09 | 25.15+4.47 | 26.81+6.00 | 0.009" 0.001"
(60°/sex)
Ext. Rot. 36.88£3.90 | 40.66+7.01 | 31.60+5.89 | 32.39+7.30 | 0.008" | 0.004°
(60°/sex)
Int. Rot. 39.92+5.71 34.28+5.83 24.45+4.70 27.03+3.77 | 0.008" 0.0001"
(240°/sec)
Ext. Rot. 38.06+5.40 | 41.64+6.87 | 32.51+5.63 | 35.24+6.13 | 0.010 | 0.012°
(240/sec)
*gatistical significance by unpaired t-test (p<0.05)
Table 4.11 Shoulder muscle strength ratio (%) of female athletes

Muscle Pain-free group Symptomatic group p-value
strength ratio (n=15) (n=15)

0,

() Lt. Rt. Lt. Rt. Lt. Rt.
ERcon : IR con 59.95+6.21 61.27+8.32 65.43+6.57 72.45+15.80 | 0.026° 0.024"
(607/sec)

ERcon © IR con 63.33+5.71 64.99+6.43 67.84+8.41 73.14+10.74 | 0.098 0.019
(240/sec)
ERecc : IR con 125.69+11.44 | 116.63+15.30 | 125.59+15.71 | 121.18+10.99 | 0.984 0.359
(60/se0)
ERecc : IR con 128.79+13.95 | 120.57+14.64 | 134.35+16.26 | 130.33+13.71 | 0.324 0.070
(240°/sex)

*satistical significance by unpair t-test (p<0.05)

4.4.2 Shoulder muscle strength of male athletes

The peak torques of conventional muscles tests are presented in table 4.12.

The results showed significant differences between groups when tested in concentric

mode. There were significant differences in internal rotation and external rotation at
60°/sec and 240°/sec (p<0.05) of both sides. All conventional and functional muscle

peak torques of symptomatic group were less than those of pain-free group.
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The peak torques of functional muscles are presented in table 4.13. There
were significant differences between two groups (p<0.05) ininternal rotation and
external rotation at 60/sec and 240/sec in both shoulders. All of the functional

muscles torques of symptomatic group were less than those in pain-free group.
The data of peak torqueratiosin table 4.14 show significant differencesin

conventional ratio at 240/sec of left shoulder and functional ratios at 60°/sec and
240 /sec (p<0.05) of both shoulders. The ratios of symptomatic group were higher than

those of pain-free group.

Table 4.12 Shoulder conventional muscle peak torque (Nm) of male athletes

Conventional Pain-free group Symptomatic group p-value

muscle (n=10) (n=10)

strength (Nm) Lt. Rt. Lt. Rt. i Rt.
Int. Rot. 55.96+7.13 | 55.05+7.99 | 35.36+4.00 | 38.74+3.01 | 0.0001 | 0.0001
(60°/sec)

Ext. Rot. 34.19+6.80 | 36.23+6.58 | 23.26+4.17 | 29.66+3.66 | 0.001 | 0.015
(60°/sec)

Int. Rot. 51.07+5.69 | 48.16+4.78 | 34.51+4.77 | 36.23+3.58 | 0.0001" | 0.0001"
(240°/sec)

Ext. Rot. 33.18+4.41 | 33.97+4.64 | 24.10+358 | 28.84+2.91 | 0.0001" | 0.01
(240°/sec)

*gatistical significance by unpaired t-test (p<0.05)
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Table 4.13 Shoulder functional muscle peak torque (Nm) of male athletes
Functional Pain-free group Symptomatic group p-value
muscle (n=10) (n=10)
strength (Nm) Lt. Rt. Lt. Rt. Lt. Rt.
Int. Rot. 50.36+6.31 | 53.40+7.16 | 33.56+3.80 | 36.59+3.36 | 0.0001 | 0.0001°
(60°/sex)
Ext. Rot. 57.19+6.19 | 60.80+7.54 | 43.14+5.32 | 48.14+4.45 | 0.0001" | 0.0001°
(60°/sex)
Int. Rot. 46.58+552 | 48.73+8.80 | 31.72+3.75 | 34.63+4.05 | 0.0001" | 0.001°
(240°/sec)
Ext. Rot. 57.34+4.37 | 59.74+5.04 | 43.29+5.20 | 49.06+6.54 | 0.0001" | 0.001°
(240/sec)
*gatistical significance by unpaired t-test (p<0.05)
Table 4.14 Shoulder muscle strength ratio (%) of male athletes

Muscle Pain-free group Symptomatic group p-value
strength ratio (n=10) (n=10)

() Lt. Rt. Lt. Rt. Lt. Rt.
ERcon © IR con 60.96+8.61 65.99+9.32 66.60+9.05 73.99+8.29 | 0.171 0.058
(60°/sec)

ERcon : IR con 65.12+7.28 68.64+8.32 70.12+7.24 79.85+7.09 | 0.141 0.005"
(240/sec)
ERecc : IR con 113.85+5.67 | 112.76+6.69 | 128.69+8.45 | 13256+8.20 | 0.0001° | 0.0001"
(60°/sec)
ERw : IR con 124.07+11.68 | 126.94+15.28 | 137.38+15.35 | 142.21+16.64 | 0.043 0.047
(240°/sex)

*gatistical significance by unpaired t-test (p<0.05)
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CHAPTER V
DISCUSSION

5.1 Characteristics of Subjects

The subjects of both groups in this study were not significantly different in
terms of age, weight, height and body mass index (BMI). The age range from 15 to 21
years was chosen in this study because the majority of athletes in swimming club are
lower than 21 years old. This age group also presents high muscle strength and mass
(71,72). Lindle et a investigated the relationship between age and strength in both
isometric and dynamic strengths reported that the peak strength was demonstrated
between age 20 and 30 years (71). Wilmore and Costill in 1999 (72) stated that peak
strength attained by age 20 in women and between age 20 and 30 in men.

The training profile of the athletes in this study concurs with the study by
Beach et a (9), which reported the amount and yardage of workouts. Characteristics of
the competitive swimmer were previously described in the literature (9,16,73,74).

The training equipments and profile have impact on the athletes. Regular
stretching prior to workout is believed to decrease shoulder injury in athlete. However,
Mcmaster et a in 1993 (5) stated that the buddy stretching technique aggravated
shoulder pain in both genders. Buddy stretching by a partner may produce damage by
forcefully manipulating a joint beyond its safe limit. This study found that most of the
participants stretched by themself. Thus, stretching should not contribute to shoulder
injury in the participants. The use of dumbell or weight training in this study should
not influence the tendency of increase shoulder pain in swimmers. On the contrary,
Greipp in 1985 (31) suggested that weight training aggravated pain in the athletes,
particularly the beginning of training program in a number of prepubescent individuals
(5). The athletes with shoulder pain used dumbbell, resisted training with elastic band
and hand paddle more than the athletes without shoulder pain. Elastic band and hand
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paddles might be the factor aggravating the painful shoulder in athletes, because they
were resistance training which increased the torques at the shoulder. The hand paddles
increased hand surface area and resistance during pulling activities and might
aggravate shoulder pain (5). Also, the use of hand paddles might not directly cause
shoulder pain but it might contribute to shoulder girdle fatigue and led to various
overuse pathologies (22). Increasing resistance on the pull-through phase might
predispose the swimmer to impingement (11). Kickboard used in this study should not
have tendency to aggravate shoulder pain in swimmers, although Mcmaster et a (5)
identified that the use of kickboard aggravated shoulder pain during forward flexion
and adduction which approximate to the impingement position. The numbers of
athletes with symptom in this study might not be appropriate to show the effect of
kickboard using in swimmers with shoulder pain.

Most of the swimmers in this study had experienced shoulder pain. The
majority of female athletes in symptomatic group had shoulder pain on forceful arm
movements. The majority of male athletes with shoulder pain had shoulder pain less
than two hours. The shoulder pain performance scale in female athletes was more than
male athletes, owing to less muscle strength and more number of strokes of female
athletes. These factors made higher risk of shoulder injury in female athletes.

5.2 Pattern of Shoulder Flexibility

From the evaluation, all subjects in the present study showed no tightness of
shoulder muscles. However, posterior capsule tightness was found in 20% and 73% in
pain-free and symptomatic group of female athletes and 60% and 70% in pain-free
group and symptomatic group of male athletes. Jobe and Pink in 1993 (75) described
that the weakness or fatigue of the anterior wall muscles (subscapularis, pectoralis
major, latissimus dorsi and teres major) and the posterior capsule tightness in younger
overhead athletes caused the humeral head to translate anteriorly leading to
impingement. Several studies demonstrated that the capsule tightness contributed the
humeral head translation and shoulder impingement (12,25). Harryman et a in 1990
(25) stated that glenohumeral translations were not the result of ligament length
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insufficiency or laxity but translation usually appeared when the capsules were
asymmetrically tight. Asymmetrical capsule tightness caused anterior and superior
migration of the humeral head during forward elevation of the shoulder, contributing
to impingement. Tyler et al in 2000 (12) undertook a study in patients with shoulder
impingement and controlled subjects without shoulder abnormality. They found
posterior capsule tightness and loss of internal rotation range of motion in
impingement patients. The authors suggested that restriction of internal rotation
corresponding with posterior capsule tightness, and then the tightness would force the
humeral head to move forward, causing mechanical impingement. The loss of range of
motion could be the mechanism to avoid painful movements. Three of the most
prevalent contributing factors of secondary shoulder impingement were posterior

capsule tightness, external rotation weakness in a position of 90° of shoulder

abduction and 90 of elbow flexion and abnormal scapulohumeral rhythm.

The average range of motion in female and male athletes demonstrated mild

increase for shoulder flexion, extension, abduction and external rotation with 90°

shoulder abduction when compared with normative data (69). This trend was
consistent with the study in competitive swimmers reported by Beach et a which

found hypermobility in shoulder flexion, abduction and external rotation with 90°

shoulder abduction (9). Another study by Warner et a found nearly normal external
rotation range of motion in overhead athletes with impingement and significantly
increased external rotation range of motion in subjects with instability. However, the
active and passive internal rotation ranges of motions were reduced in both groups
(10). Changes in shoulder range of motion might be explained by a physiologic
adaptation to repetitive stress of the anterior labrum and capsular structures during
swimming strokes (5,6,81). Previous studies on overhead athletes exhibited increased
external rotation range of motion together with decreased internal rotation range of
motion when compared with normative data (9,10,76-78). Several authors (31,79,80)
had attributed these findings to posterior capsular tightness. Pappas et a hypothesized
that limited internal rotation due to reactive fibrosis of the capsular tissues might be

the result of repetitive microtrauma in shoulder impingement. However, this study did
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not find reduced shoulder internal rotation of athletes in both groups. However, the
shoulder motion of internal rotation in symptomatic group was less than the pain-free
group both male and female athletes owing to increasing posterior capsule tightnessin

Ssymptomatic group.

In addition, the comparison between pain-free and symptomatic groups in
female athletes showed no significant differences of all shoulder range of motion.
However, male athletes showed significant differences between groups in left shoulder

flexion, shoulder extension, shoulder internal and external rotations with 90° shoulder

abduction of both sides. In this study, the shoulder range of motion of all directionsin
symptomatic group were less than the pain-free group. Previous studies discussed the
relationship of shoulder mobility and shoulder pain (9,10,31). Two studies indicated
no correlation between shoulder flexibility and shoulder pain in overhead athletes
(9,10). In contrast, Griepp in 1985 (31) found a correlation between pain and restricted
range of motion and the test position for anterior shoulder flexibility was supine with
both forearms pronated and both shoulder maximally abducted horizontally, then
measuring the distance between the two palms as the arms dropped down. Therefore,
the correlation between shoulder flexibility and shoulder pain is needed to be further
clearified in the further study.

5.3 Pattern of Shoulder Instability

The results of general joint laxity and shoulder instability test in female
athletes showed a greater tendency of positive results in the symptomatic group
compared to pain-free group. The general joint laxity test in male athletes showed the
same trend in both groups. However, the numbers of male subjects with instability
were greater in symptomatic group than in pain-free group. Two studies suggested that
a generalized laxity pattern may contribute or predispose to instability (36,42). Carter
and Wilkinson found that generalized joint laxity was an important predisposing factor
to congenital dislocation of the hip in boys (42). This study found 36% of subjects in
pain-free group and 48% of subjects in symptomatic group presenting joint laxity. In
addition, 56% in pain-free group had shoulder instability with laxity and 67% in
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symptomatic group had instability with laxity. Only 19% of swimmers in this study
had and multidirectional instability with laxity.

In female symptomatic group, there were four subjects with anterior instability
and one with multidirectional instability. In pain-free group, there was one subject
with anterior instability. In symptomatic group, two male athletes had anterior
instability and two had multidirectional instability. In pain-free group, two male
athletes had anterior instability, one had inferior instability and one had anterior-
inferior multidirectional instability. The common lesion that contributes to shoulder
instability is an enlarged joint capsule due to repetitive forceful stretching from the
wide range of shoulder circumduction during swimming (2). The present study found
nine swimmers with anterior instability (18%), one swimmer with inferior instability
(2%) and four swimmers with multidirectional instability (8%). Isolated posterior
shoulder instability was rare in swimmers in this study which was in agreement with
previous study (6). Four studies suggested that the anterior glenohumeral instability
was primarily seen in backstroke swimmers (2,17,22,83). The laxity of anterior
capsule caused by repetitive stretching of the capsule during flip turn initiation which
shoulder forcefully moved in the directions of internal rotation and forward flexion
with arm in extreme abduction and external rotation. These positions stressed anterior
shoulder joint ligaments. This study also found high incidence of anterior instability (6
out of 9 subjects).

In previous investigations, there was a correlation between clinical presentation
of impingement syndrome and shoulder instability (6,12,44,79,80,84). In this study,
nine painful swimmers (36%) with positive impingement sign also exhibited excessive
anterior and multidirectional translation. Impingement as a secondary phenomenon to
glenohumeral instability has been reported to be common in throwing athletes
(10,12,13,85). Klaus and Peter in 1997 (6) suggested that the pathologies found in
swimmers shoulder included anteroinferior laxity of the capsuloligamentous
structures with atraumatic instability due to repetitive overhead and impingement with
rotator cuff tendonitis. The previous studies investigated that secondary impingement



Raveewan Kulimakin Discussion / 62

syndrome was a result of shoulder instability, scapulothoracic weakness and posterior
capsule tightness, which may contribute to subtle anterior instability (10,17,85-87).

5.4 Pattern of Shoulder M uscle Strength

Three previous studies demonstrated that internal rotation strength was greater
than external rotation strength by approximately a 3:2 ratio for both the fast and slow
arm speeds in asymptomatic shoulders (88-90). The 2:3 ratio (67%) of external
rotation to internal rotation strength and the value obtained from the data of pain-free
group in this study (59-65% left and 61-68% right) are quite similar. However, results
from isokinetic strength testing of the shoulder have limitations to directly interpret

due to the varied testing position and protocols used in the research.

Testing of the shoulder’'s external and internal rotators can be performed in
several testing positions. These positions consist of the 90 degrees shoulder abduction
position, modified neutral position, scapular plane position and neutral position (11).
Three studies have demonstrated significance of variation torque value by altering the
test positions (91-93). Greenfield et a in 1990 (91) tested shoulder external and
internal rotation in 45° abduction both scapular and frontal planes, and reported no

significant difference between the two positions for internal rotation strength values
but increased external rotation strength values in the scapular plane. Hageman et al in
1989 (92) assessed external and internal rotation peak torque values at 45
glenohumeral abduction and 45° glenohumeral flexion. They found increased eccentric
and concentric external rotation for both females and males, and eccentric internal
rotation in females for the 45° glenohumeral abduction position compared to flexion.
Walmsley and Szybbo studied external and internal rotation strengths in three test
positions i.e., neutral, 90" flexion and 90° abduction. They found increased internal

rotation torque values in the neutral position and the highest external rotation values in
the 90 degrees flexion position (93).

However, some positions for isokinetic testing may be potentially injurious to

the rotator cuff or capsulolabral structures (10). The 90° abducted position places the
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shoulder at risk for anterior instability, and the neutral position (shoulder at the side

and elbow flex 90°) is an awkward position and harmful for the supraspinatus tendon
since its insertion could be hypovascularised. The 90° forward flexed position
(shoulder flexed forward 90° and the elbow flexed 90°) reproduced the impingement

test of Hawkins and Kennedy and pain could make the subject’s effort submaximal.

However, 90° shoulder abduction in the coronal plane with the subject supine is the

most common testing position (90,94,95). Since the isokinetic testing in overhead
athletes is necessary to test the shoulder in a postion that closely resembles its

position of function during activity, Thomas in 1995 recommended the position of 90°
abducted with 90° elbow flexed for testing shoulder internal and external rotations
(12).

Beach et a calculated the stroke speed resembling the pull-through phase to be
240 /sec (9). Richardson reported that the average number of arm strokes per 25 yards

of the pool was 20 (81). Walmsley and Szybbo studied shoulder internal and external
rotator muscle strength at 607, 120° and 180°/sec. The test speed of 60/sec produced

the highest torque values for the external rotator muscles and no difference of internal
rotator peak torque values between different test speeds (93). Hageman et a
investigated the effects of two different speeds (60° and 1807/sec) on peak torque

values of the shoulder internal and external rotators during concentric and eccentric
muscle contraction. Torque values of concentric internal rotation decreased at the
higher speed in males and eccentric external rotation increased at the higher speed in
females (12). In this study, the muscle strengths were tested at 60 deg/sec (Slow speed)
and 240 deg/sec (fast speed). The strengths tested in concentric mode of both external
and internal rotators were not found to be different between two speeds in female
athletes. For eccentric mode, the external rotator tended to increase strength at higher
speed in female athletes. The peak torque values of shoulder internal and external
rotator concentric contractions tended to decrease at higher speed in male athletes. The
results of this study were similar to the results published by Hageman et a (92).
However, these results agreement to the report by Mcmaster et a which showed
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decreased in torque production by the shoulder internal and external rotator concentric
contractions at higher speed (19), which the author discussed that skeletal muscles
were capable of generating large force at slow speed and generated less tension in high
speed (19). However, the conflicting results may also be caused by the testing of
different speeds. The speed tested in the study of Mcmaster et al were 30 and 180
degrees/sec(9).

Several studies have demonstrated that at higher speeds the external:internal
rotator ratios in the throwing arm were shifted to favor the internal rotators (94,96,97).
such as baseball pitchers, water polo players. Mcmaster et a in 1992 (19) assessed the
shoulder of swimmers by comparing the ratio of torque external:internal rotation to
control group. They reported decreased external and internal rotation strength ratios in
swimmers i.e., internal rotation strength increased. They explained that sculling
pattern of stroke in swimming would emphasize internal rotation and adduction
movements of the shoulder. Nuber et al in 1986 (74) studied muscle action with fine-
wire electromyography during swimming. They demonstrated minimal activity of the
supraspinatus and infraspinatus during the propulsive phase of freestyle stroking,
while the pectoralis major and latissimus dorsi, the internal rotators and adductors of
the shoulder are most active during the propulsive phase. It supported the
biomechanical analyses that demonstrated a dependence on adduction and internal
rotation during the propulsive phase of swimming.

The results of this study showed that conventional and fuctional torque values
of external rotation and internal rotation in pain-free group were significantly greater
than those in swimmers with shoulder pain. The conventional ratios of
external:internal rotation in female swimmers with shoulder pain was found to be
significantly higher than the ratio of the pain-free group with greater differences at
slow contraction speed. The male swimmers with shoulder pain demonstrated
significantly higher conventional ratios than the pain-free group only in left shoulder

at 240 /sec. However, the conventional ratios of male athletes were similar to those of

female athletes for both arms and speeds. The greater conventional external:internal
rotator strength ratios in symptomatic shoulders displayed the greater decrease of
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internal rotational strength compared with pain-free shoulders. Consistently, Bak and
Magnusson in 1997 (18) evaluated differences in shoulder strength between painful
and pain-free shoulders in swimmers. They demonstrated that symptomatic shoulders
had decreased internal rotational strength and increased external:internal rotation
strength ratio compared with non-symptomatic shoulders. In contrary, previous studies
showed the increase internal rotation strength and the decrease in the external:internal
rotator strength ratio in the overhead athletes and the authors suggested the therapeutic
exercise program specifically addressing the external rotators (9,19,20,94,97,98).
However, a direct comparison was not possible because in these studies overhead
athletes were matched with nonactive controls. This study found the decreased internal
rotation strength, therefore exercise program suggested ought to consider the internal

rotator strength, not only external rotator strength.

Pappas et a described that eccentric contraction of a maximally lengthened
subscapularis muscle at the end of cocking phase and suddenly contract concentrically
to propel the arm forward, might place an intrinsic overload on the muscle insertion.
The tensile strength of muscle exceeded causing tendon injury, fatigue and weakness
(79). Warner et al found increased in external:internal rotation strength ratios in a
group of athletes with glenohumeral instability and suggested that the result could be
ascribed to a decreased in internal rotational strength (10). However, the symptometic
group in their study had signs of concomitant coracoacromial impingement and
nontraumatic glenohumeral instability (secondary impingement), thus the populations
are not directly comparable. Glousman et al and Gowan et a found evidence of
inconsistent posterior cuff activity and increased subscapularis activity in the late
cocking phase and acceleration phase of throwing (15,99). Glousman et al
demonstrated a decrease activity of the internal rotator muscles during throwing
motion in althletes with glenohumeral instability (99). Moreover, this study found the
decrease external rotational strength in the symptomatic group compared with the
pain-free group. The repetitive eccentric loads imposed on the external rotators during
the follow-through phase of throwing or swimming strokes. The repetitive eccentric
loading might lead to a cycle of inflammation, fatigue and weakness in the external
rotators (10,96).
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Many researchers reported aratio of external to internal rotation for concentric
strength in an attempt to identify imbalance that may lead to injury
(9,10,19,20,89,94,96,100,101). Although these measures indicated the strength of
muscles, they omitted eccentric contractions involved in the throwing of overhead
athletes. The internal rotator muscles act concentrically during the acceleration phase
whereas the external rotator muscles act eccentrically during the deceleration phase.
The role of the external rotator muscles is not only to decelerate the arm but also to
maintain dynamic stabilization of the glenohumeral joint (34). Scoville et a
investigated this functional ratio in asymptomeatic college-level males and reported

ratio of 1.05 and 1.08 for the nondominant and dominant shoulders at 90°/sec,

respectively (33). Noffal tested functional ratio in throwers and nonthrowers and
reported functional ratios ranged from 1.17 to 1.60 a 300/sec (34). Bak and

Magnusson reported functional ratios of 1.08, 0.89 and 0.86 for swimmers in injured,
normal and control group at 30°/sec respectively (18). Present study showed functional

ratios range from 1.12 to 1.25 and 1.21 to 1.32 for pain-free and symptomatic group at
60°/sec as well as functional ratios range from 1.24 to 1.28 and 1.30 to 1.42 for pain-

free and symptomatic groups at 240°/sec. These functional ratios indicated that the

eccentric strength of the external rotator muscles was greater than the concentric
strength of the internal rotator muscles. The higher functional ratio in symptomeatic
group was resulted by a greater decrease in the concentric strength of internal rotator
compared to the eccentric strength of the external rotator muscles.

The speed of testing also influences the functional ratio because when the
speed increases, the concentric internal torques generated decreases and eccentric
external torques remain the same or increase (91,96). Thus, as speed of testing
increases, the ratio will also increase. The functional ratios in the present study were
greater than functional ratios reported by Bak and Magnusson which measured at the
speed of 30° /sec.
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5.5 Clinical Implication

The investigation of shoulder flexibility, stability and rotator muscle strength
by using isokinetic dynamometer provided the range of motion, capsule flexibility,
shoulder muscles length, grade of glenohumeral translation, the quantitative data of
peak torque in both conventional and functional modes as well as the strength ratios.
The measurements of these parameters were determined to indicate difference of

shoulder characteristics in symptomatic group compared to pain-free group.

The results showed greater number of subjects presenting posterior capsule
tightness and decrease of all shoulder ranges of motions in symptomatic group. This
implies that swimmers should stretch the posterior capsule to prevent anterior translate
of the humeral head which could lead to impingement.

The shoulder stability assessments showed that pain-free group presented
better shoulder stability than symptomatic group especially anterior stability. The
results also showed correlation of backstroke dominance in swimmers with anterior
shoulder instability. Therefore, swimmers might have to avoid stretching of anterior
capsule shoulder particularly in the backstroke swimmers.

The shoulder rotator cuff strength demonstrated the decrease in external
rotation strength and internal rotation strength in symptomatic group, particularly,
internal rotator strength which were obviously reduced in symptomatic group.
Therefore, the exercise program in swimmers should emphasize strengthening of
internal rotators and external rotators and concentrate on the balanced strength of the
shoulder rotator muscles.

For further study, it is interesting to investigate the strength of the scapular
stabilizers, pectoralis major, latissimus dorsi and deltoid muscles. These muscles also
contribute to prevent shoulder injury in swimmers since abnormal scapulohumeral
rhythm could cause secondary shoulder impingement. It is also interesting to study

relationship of shoulder flexibility, shoulder stability and shoulder pain in swimmers .
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CHAPTER VI
CONCLUSION

The present study compared the shoulder flexibility, stability and muscle
strength between competitive swimmers with pain-free shoulder and competitive

swimmers with shoulder pain.

Subjects in this study were thirty female and twenty male athletes with age
ranging from 15 to 21 years. Half of female and male subjects were symptomatic and
the other half were pain-free. All subjects were evaluated shoulder flexibility, stability
and muscle strength. The parameters determined were range of motion, anterior and
posterior capsule flexibility, end feel range of motion, grade of drawer tests, peak
torque and peak torgue ratios. The peak torque and peak torque ratios were measured
both conventional and functional modes at 60" and 240°/sec. All subjects were tested

three maximal contractions by Con-Trex human isokinetic dynamometer.

The results could be concluded as followings:

1. The symptomatic group had less shoulder ranges of motion of all directions
and greater posterior capsule tightness than the pain-free group did. These results
indicated less shoulder flexibility of symptomatic group than flexibility of pain-free

group.

2. There was a greater tendency of shoulder instability in symptomatic group
than pain-free group and most of instability presenting in swimmers were anterior

instability of glenohumeral joint.

3. The pesak torque values of external and internal rotators both conventional

and functional modes in swimmers were decreased in symptomatic group compared
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with pain-free group. The results indicated that symptomatic group had weakness of

rotator muscles.

4. The ER:IR ratios of conventional and functional modes in athletes were
increased in painful shoulders compared with pain-free shoulders. The results
indicated that painful shoulders had lower internal rotation torque production than
pain-free shoulders.

5. The rehabilitation program of the swimmers shoulder must emphasize
balanced strength training of the shoulder girdle. The present study suggested the
importance of improvement of internal rotation strength in swimmers with painful
shoulders. In addition, posterior capsular stretching is an important part of treatment of
the painful shoulders.
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APPENDIX B
DATA COLLECTION FORM

4 -
W [ 11901 T0 oo, YRTTTSE) V- RO CY VT il

v ]
= v A

Q' Y S| v \ ‘c‘; d‘ =S wey ‘(‘)’
GuauduinimnNeiuley..... 1 MNBNNOTANGA......vriiiiinnn

MR UM DI AG A szana.......%0(veslSanamsilnlunnas 34
A Y d‘ U Y % %

Nodanatia NN M998

v ::i U v = d Y Y 9 2_', Y
anlilumsmelavae hemsalag 199N V13918 N899

'
= Y

9
1. deyanerdulsnamsdniiein

U

L1 $0unam umsdln. ., ¥ lnda
12 $117un 38101580 adaldlan
1.3 520emalun g @R s/ u
14 37171001 1M TH s poufil

%

15 szezmalumsnenniange
9
sEozdu STozNAN 520201
9y = o A Y dy
2. doyanernumssanautile
[ A Y dy 1 = T : A [
2.1 mumedanduiie noudnieimie 1
1ng T (vn lume Tdshudluaenlude 3)
Y ' 2 A Y dy qg.: 1 =
2.2 dunag MUENEANAMITOAIADIE. vvvvvrn )

dy 1 [ A Y dy 1 = 1 gJ A []
2.3 aouil Mudwmeganautionaurniieiivse li

o A [ ) YA Y
a0y li'lagaudn
9
24 mudandwiletiooun lnu
4 4 4
naasenourn Wuveasalszanat.,...asy/dlaw

1 A Y dy 09.: d! =1
2.5 Mudanduilonsani . ..., U

1 Y
2.0 TN IE TN ITTANRIUITIO 1rrevvreesireressrrresseriressseressstseesessreeesarrresrens



Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Physical Therapy) / 85

]
=

v o P < y A&
3. GUEJN”'@!ﬂEl']ﬂﬂﬂ’liV‘lﬂﬂ']’liJLﬁNlli\ﬂl@\iﬂa'liJlu@

3.1 gunsalivhulFlumsdniloiuaundiansg

gNUY. ...NN, aula....nn.

4
DU evvviiereriienns
Famn1alumsdln laun

9 9
3.2 vuzil vmdaldgunseitiognse i
40

3.3 dmmudaldeg iuldiesus Tnu

9
[

] =y
NNATINDUHN

Tailuda (el duu

.......... wouli)

4
......... afaldand
9 9 1
34 vildginsallindanileun
Foyaimervums 4 hand paddle

4.1 vinunel¥ hand paddle 3ol

1ne

4,

i (vn lime Tisiwduldaenlude 5)
42 #uae vl hand paddle @auiser, ...

43 wauzdi g4 hand paddle eguie’l

Tilduda (@nld ioorg.......1)
Y 1
mulsiosua lviu

Y Y
luneasalszana.......asddad
Y
45 vil% hand paddle shuiumsinaneniilszunm

) 4 o ) A 1o o o
PoyaineINUMI 15g1nsaiaus s wnuMTHAIe

5.1 viuiinsldaunsafaunswfunsiinhehsnnie

i Taifi (van'1i WihudhuTdaeulude 6)
5.2 wndl i 19a1nsaiez 155 AU AT T
5.3 muldivaun Tnu

Y Y Y
nAATITWAUMTEN Wueasalszanat.,....asddlaw
' Y
54 1F3nanmulFUTEI8 e, was/as
Y
5.5 wazil Mud

9
1¥g1lnsalimartioguie’lui
Jal4og Tilduda (:@nl¥ ey



Raveewan Kulimakin Appendix / 86

Y A Y Y '
6. doyansinvenisiavesdelia

6.1 Mmuastionmstate lvanse lu

198 UTZUUBI0G. 00 D) laitno (v1n'laine Tisiud laeulude
6.4)
0.2 winae MuUAsio1n 13021098 1118, @19 TAGUIAT M eerreerrsreerssrens aziaa
Qaj d! = v A ] U = =
ATIUUIUI e, ¥11.9992118 Taeuniioinisdialurie  neueln VULHN

(% =K ~ 1 an 1 = ]
NAIDINHN... WU, HAZDINTINANNANTENUADADA 1UNITNENT D 13
= < 1 9 (=Y

1 (A5 2 lumsiiednag) Taii

6.3 mamunsilha Muiiedelsdaeiig

a ) 9 I o 4
Auen Win Taonganisdeuiunan.... Ju Tawuswnd
Yaoelimerea DU vrvrerreenrseereens

9
6.4 vazil Mudioimsiade lvanse i (minlieamsithaliiunsendeyalude 7

naz8iae)
1191115 liifionms
65 #7013 MUUIAASIHT UL TZU L e %30./51 UIAUUL M cvvvrvrrrrrnnnen
TAgU AT e oo o M

0.0 o1sthalinansznudoanalunisense i
=\ < 1 9 (=Y
1 (AmE lumshednag) Taii
Y 1 9
0.7 Tuszrinneid muldinanssves lsedreduusnmiie lianmsinieridae

%30 11

=

TR YL E AT Taid]

9
=

Y1 [ Y A @ Y 1 v
7. ‘IWTI'I‘L!']\?ﬂaiJiﬂﬂﬁ']laelﬂl@ W]‘Nﬂ‘lJmﬂﬁﬂaml@blwaﬂlm‘muclummzu

0 Tutieimsaaa
Y 9 1
1 Homsthade lvaidluinenss uazihaasertadosni 2 su./5u
=\ 9 1 3 d! 1 [ = [
2 Ho1msthade lvansarilauunnna 2 ¥u./5u tazieimsthanenas
Y
NNMI TN
' Y
3 Ho1msthade lva Tuvae i lduaulunmsiei
=\ 9 1 = [ dyd J 9
4 Hormsthade lnauiud Swu.5u Tasensthatilinansznuaensdou

v gJ 9 v o Y v ' : Y A a Y= o
Novidae (wu il ldawnsahei ldadeuniioway, §aniinnwdnin

' 091 dgl I Y
Tumshesiunniu iludu)



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Physical Therapy) / 87

5 Homsiade Tnansuniuun Taovzdawadenisinmindle (su sl
liamnsodnminldmiouan)

0 Hoimsthade lvaguusann Tasaziauuie 12 vu/5u vagliaanse
= ' gJ o 9
Andeiiiin lame

Y o 4 { [ [ < 1 Y
8.  T¥vusiuaTeanuemnuimuuana nasenuszauanuRvliavesnuluvazil

9 19
Yo' lrad9un

0 (lifiormsiaaran) 10 (theaanniiga)

Y 19 9
Yo' lvad19dne

0 (lifiormsiaaran) 10 (theaanniiga)



Raveewan Kulimakin

Assessment form

1. Shoulder examination

General appearance

Appendix / 88

TableB.1 Impingement test

Test

Symptomatic group

Pain-free group

L eft Right

L eft Right

+

+

- Hawkin

- Neer

- Empty Can
- Resist Ext.

Rot. arm

abduct 90°

- Resist Ext.
Rot. arm at
sde

- Lift off
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TableB.2 Ligament laxity test

Symptomatic group Pain-free group
Joint
L eft Right L eft Right
+ - + = + - +
- McP jt.> 9"
- Elbow
hyperextension
- Kneerecurvatum
- Apposition of thumb

2. Shoulder flexibility
Table B.3 Range of motion of shoulder jt.

Shoulder Symptomatic group Pain-free group
ROM
L eft Right L eft Right
Flexion
Extension

Horizontal abduction
Horizontal adduction

External rotation
- arm abduct 90’
- arm at side

Internal rotation
- arm abduct 90’

- arm at side
Abduction
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TableB.4 Anterior and posterior capsule flexibility of shoulder jt.

Capsule
of shoulder

Symptomatic group

Pain-free group

L eft Right

L eft Right

ROM | PAIN | ROM

PAIN

ROM | PAIN | ROM | PAIN

Anterior capsule

- Flexion

- Elevation

- Abduction

- Hyperabduction
Posterior capsule

- Reach behind back
- Flex c max. int. rot.
- Int. rot. c abduct 9¢°

TableB.5 End feel of motion for muscle length test

Muscle length

Symptomatic group

Pain-free group

of shoulder

L eft Right

L eft Right

tight | no
tight

tight | no
tight

tight | no

tight | no

tight tight

- Pectoralis
maj or

- External
rotators

- Subscapularis
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3. Shoulder stability
Table B.6 Shoulder instability by drawer test

Symptomatic group Pain-free group
Stability
of shoulder L eft Right L eft Right

O 1+ | 2+ | 3+ |01+ | 2+ | 3+ | 0| 1+ | 2+ | 3+ | O] 1+ | 2+ | 3+

Anterior
(ADT)
Posterior
(PDT)
Inferior

(sulcus)

4. Shoulder muscular performance
Table B.7 Shoulder strength

Symptomatic group Pain-free group

(peak torque) 60% 240% | 60% | 240% | 60% | 240% | 60 | 240%s

sec sec sec sec sec sec sec eCc

1) Conventional
- IR (concentric)
- ER (concentric)
2) Functional

- IR (concentric)

- ER (eccentric)
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Table B.8 Conventional and functional strength ratios

Symptomatic group

Pain-free group

Strength ratios L eft (%) Right (%) L eft (%) Right (%)

(peak torque) 60% | 240% | 60% | 240% | 60% | 240% | 60% | 240%
Sec Sec Sec Sec Sec Sec Sec Sec

- ERIIR

Conventional

l) ERcon:I Rcon

Functional

2) ERecs: | Reon
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APPENDIX C
PILOT STUDY : TEST-RETEST RELIABILITY

The pilot study purposed to investigate the intratester reliability of range of
motion and isokinetic measurements of both shoulders. Ten subjects aged from 15 to
21 years included six male and four female swimmers. All subjects were tested the

isokinetic strength at 607/sec and 240°/sec. The shoulder ranges of motion were

measured twice with two weeks interval while isokinetic measurement were tested
twice in the same day with a 30 minutes interval. Prior to the isokinetic testing, subject
performed 5 submaximal contractions. Each subject took 30 seconds rest before
starting the real test with 3 maximal contractions.

Kolmogorov Smirnov Goodness of Fit test was used to analyze the
distribution of the data. Intratester reliability was determined by using the Intraclass
Correlation Coefficients (ICCs). The formula of ICC (3,1) was chosen. The
statistically significant level for this study was set at p-value less than 0.05.

Characteristics of subjects are presented in table C.1. Mean and standard

deviations of shoulder range of motion and shoulder isokinetic strength at 60°/sec and
240°/sec are shown in tables C.2 and C.3 consecutively. Intratester reliabilities of

shoulder range of motion and isokinetic peak torque between the first and second tests
are demonstrated in table C.4 and C.5. The raw data of test-retest reliability are shown
intablesD.1-D.3.

The intratester reliability of shoulder range of motion was 0.63-0.99 and
shoulder isokinetic testing was 0.71-0.96.
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Table C.1 Means and standard deviations of age, weigth and heigth of subjects

Parameters Athletes
M ean SD
Age (yr9 16.3 1.16
Weigth (kg) 60.9 5.26
Heigth (cm) 17.18 7.22
BMI  (kg/nr) 20.6 0.96

Table C.2 Means and standard deviations of both shoulder range of motion

Parameters

Range of mation (%)

First test Second test
Lt. Rt. Lt. Rt.

Flexion 184.6+4.09 | 182.5+3.34 | 183.8+4.44 | 182.5+3.84
Extension 60.5+7.25 62.0+5.37 60.6x7.17 | 62.245.12
Horizontal abduction 45.5+1.58 45.5+2.51 46.5+2.42 | 46.0+3.16
Horizontal adduction 123.0£6.75 | 121.0+7.38 | 123.2+4.96 | 122.2+5.71
External rotation with 92.0+5.37 92.1+3.41 91.6+5.38 | 92.1+3.21
abduct 90

External rotation with 73.5£9.73 75.0+8.50 73.1£9.92 | 75.4+7.66
arm at side

Internal rotation with 69.5+7.25 68.8+4.21 70.2£5.99 | 69.7+4.45
abduct 90

Internal rotationwitharm | 85.5+4.38 | 84.0+3.94 | 85.0+4.08 | 84.9+3.54
at side

Abduction 184.1+1.29 | 184.4+2.59 | 183.7£1.42 | 184.1+2.64
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Table C.3 Means and standard deviations of peak torque of both shoulder at 60°/sec

and 240°/sec
Peak torque (Nm)
Parameters First test Second test
Lt. Rt. Lt. Rt.

Conventional mode

| Reon60°/seC 34.74+£12.5 | 39.02£11.24 | 31.47+9.34 | 40.14+11.28
| Reon240°/SEC 41.31+10.26 | 46.17+8.62 | 39.94+8.72 | 47.21+8.75
ER.607/SC 27.44+6.55 | 23.54+9.52 | 27.37+8.26 | 23.72+10.65
ER.,240°/s6c 33.57+7.42 | 30.1+9.55 35.37+8.31 | 28.86+11.3
Functional mode

| Reon60°/sEC 29.25+12.52 | 38.99+11.56 | 29.82+12.91 | 38.36+9.97
| Reon240°/seC 36.68+14.77 | 44.49+8.73 | 37.54+15.82 | 45.79+10.93
ER...60°/SeC 33.99+13.43 | 46.38+13.59 | 35.12+13.38 | 45.29+11.23
ER.,240°/s6c 39.69+14.36 | 48.86+9.95 | 40.87+14.93 | 53.6+11.49

Table C.4 Intratester reliability of shoulder range of motion between the first and

second tests
Reliability of shoulder
Parameters Lt Rt
Flexion 0.9707 0.9313
Extension 0.9990 0.8918
Horizontal abduction 0.6397 0.7509
Horizontal adduction 0.9468 0.9393
External rotation with abduct 90 0.9531 0.8686
External rotation with arm at side 0.9860 0.9335
Internal rotation with abduct 90 0.9697 0.9374
Internal rotation with arm at side 0.9302 0.7323
Abduction 0.6848 0.9019
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Table C.5 Intratester reliability of isokinetic performance of both shoulder between
the first and second tests at 60°/sec and 240°/sec

Reliability of shoulder
Parameters Lt RL
Conventional mode
| Reon60°/sec 0.8821 0.8763
| Reon240°/56C 0.8055 0.8355
ERc607/SC 0.9047 0.8971
0.9421 0.9122
ERn240°/sec
Functional mode
| Reon60°/seC 0.9171 0.7101
| Reon240°/56C 0.9600 0.9203
ER..60"/seC 0.9629 0.7595
0.9637 0.7203
ERec240°/sec
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Subjects Age Weigth Heigth BMI
No. (yrs) (kg) (cm) (kg/m?)
i 18 60 168 21.3
2. 17 63 174 20.8
3. 15 68 178 215
4. 16 63 173 21.0
D. 16 50 162 20.2
6. 16 69 180 21.3
" 17 55 167 19.7
8. 15 60 176 19.4
9. 15 56 160 21.9
10. 18 62 180 19.1
Mean 16.3 60.9 171.8 20.6
SD 1.16 5.26 7.22 0.96
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Table D.2 Shoulder range of motion (°) of the first and second tests

Range of mation (%)

Subj Parameters First test Second test
No. Lt. | Rt. | Lt. | Rt
1 Flexion 182 183 180 180
Extension 45 55 45 55
Horizontal abduction 45 50 50 50
Horizontal adduction 125 115 125 115
External rotation with abduct 90 90 90 90 92
External rotation with arm at side 90 90 90 90
Internal rotation with abduct 90 70 63 70 65
Internal rotation with arm at side 90 80 90 85
Abduction 185 185 186 185

2. Flexion 185 182 184 183
Extension 60 70 60 65
Horizontal abduction 50 45 50 50
Horizontal adduction 125 115 125 120
External rotation with abduct 90 80 93 80 90
External rotation with arm at side 75 70 70 70
Internal rotation with abduct 90° 75 70 77 75
Internal rotation with arm at side 90 90 90 90
Abduction 182 182 183 182

3. Flexion 185 185 182 184
Extension 65 65 65 65
Horizontal abduction 45 45 50 45
Horizontal adduction 125 125 125 125
External rotation with abduct 90 95 90 96 92
External rotation with arm at side 60 85 60 80
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Table D.2 Shoulder range of motion (°) of the first and second tests (cont.)

Range of motion (%)
Subj Parameters First test Second test
No.
Lt. Rt. Lt. Rt.
Internal rotation with abduct 90° 70 70 70 70
Internal rotation with arm at side 85 80 85 80
Abduction 185 185 183 185
4. Flexion 185 180 185 180
Extension 70 70 70 70
Horizontal abduction 45 40 45 40
Horizontal adduction 105 105 110 110
External rotation with abduct 90° 90 90 90 90
External rotation with arm at side 70 70 70 70
Internal rotation with abduct 90t 70 70 70 70
Internal rotation with arm at side 80 80 80 85
Abduction 183 185 182 185
5. Flexion 195 190 195 192
Extension 60 60 60 60
Horizontal abduction 45 47 45 50
Horizontal adduction 130 130 127 128
External rotation with abduct 90 95 96 95 95
External rotation with arm at side 75 75 75 73
Internal rotation with abduct 90 70 70 70 70
Internal rotation with arm at side 80 80 80 85
Abduction 185 190 185 190
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Table D.2 Shoulder range of motion (°) of the first and second tests (cont.)

Range of motion (%)
Subj Parameters First test Second test
No.

Lt. Rt. Lt. Rt.

6. Flexion 182 180 181 180
Extension 60 60 60 60
Horizontal abduction 45 45 45 45
Horizontal adduction 125 125 125 125
External rotation with abduct 90t 95 90 95 92
External rotation with arm at side 60 60 60 65
Internal rotation with abduct 90 75 70 75 72
Internal rotation with arm at side 90 85 85 85
Abduction 185 185 185 183

7. Flexion 185 180 185 180
Extension 60 60 60 60
Horizontal abduction 45 46 45 45
Horizontal adduction 125 125 125 125
External rotation with abduct 90 90 92 90 90
External rotation with arm at side 70 75 70 75
Internal rotation with abduct 90° 70 70 70 70
Internal rotation with arm at side 80 85 80 82
Abduction 182 183 182 185

8. Flexion 182 185 181 185
Extension 55 55 56 57
Horizontal abduction 45 45 45 45
Horizontal adduction 120 120 120 122
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Table D.2 Shoulder range of motion (°) of the first and second tests (cont.)

Range of mation (%)

Subj. Parameters
No.

First test Second test

i Rt. Lt. Rt.
External rotation with abduct 90° 90 90 90 90

External rotation with arm at side 70 70 70 70
Internal rotation with abduct 90 50 60 55 60
Internal rotation with arm at side 90 85 90 87
Abduction 184 184 183 183
9. Flexion 185 180 185 181
Extension 60 60 60 60
Horizontal abduction 45 45 45 45
Horizontal adduction 125 125 125 125

External rotation with abduct 90° 95 90 90 90

External rotation with arm at side 80 75 80 76
Internal rotation with abduct 90° 70 70 70 70
Internal rotation with arm at side 85 85 85 80
Abduction 185 185 185 183
10. | Flexion 180 180 180 180
Extension 70 65 70 70
Horizontal abduction 45 47 45 45
Horizontal adduction 125 125 125 27

External rotation with abduct 90 100 100 100 100

External rotation with arm at side 85 80 86 85
Internal rotation with abduct 90° 75 75 75 75
Internal rotation with arm at side 85 90 85 90

Abduction 185 180 183 180
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Table D.3 Shoulder peak torque (Nm) of the first and second tests at 607/sec and

240°/sec
Subj. Parameters Peak torque 607/sec (Nm) Peak torque 240°/sec (Nm)
No. Firsttest | Second test Firsttet | Second test

Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.

1. Conventional mode
| Reoncentric 330 | 451 | 347 | 435 | 386 | 438 | 346 | 470
ERconcentric 302 | 225 | 338 | 183 | 315 | 295 | 363 | 219

Functional mode
I Rooncentric 309 | 413 | 254 | 348 | 254 | 387 | 318 | 428
ER .2 343 | 546 | 292 | 474 | 329 | 524 | 340 | 451

2. Conventional mode
I Rooncentric 26.0 | 31.2 | 253 | 39.2 | 358 | 428 | 384 | 475
ERconcentric 263 | 154 | 266 | 145 | 336 | 261 | 364 | 221

Functional mode
I Rooncentric 255 36.2 253 37.9 335 415 35.4 42.6
EReccentric 27.4 38.3 30.6 41.2 32.0 38.6 424 48.1

3. Conventional mode
I Rooncentric 46.9 45.3 39.5 141 46.4 45.9 56.1 49.1
ERconcentric 26.3 30.8 25.5 277 31.6 37.3 36.2 37.1

Functional mode
I Rooncentric 43.7 43.6 54.6 54.5 61.7 58.1 70.5 57.5
EReccentric 543 | 534 | 578 | 609 | 629 | 650 | 656 | 63.6
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Table D.3 Shoulder peak torque (Nm) of the first and second tests at 607/sec and

240°/sec (cont.)

Subj. Parameters Peak torque 607/sec (Nm) Peak torque 240°/sec (Nm)
No. Firsttest | Second test Firsttest | Second test

Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.

4, Conventional mode
I Rooncentric 579 | 440 | 495 | 449 | 60.7 | 455 | 505 | 45.1
ERconcentric 331 | 301 | 392 | 344 | 369 | 39.0 | 423 | 36.7

Functional mode
I Rooncentric 511 | 382 | 458 | 454 | 557 | 489 | 535 | 485
ER &2 515 | 423 | 556 | 542 | 587 | 472 | 619 | 66.1

5. Conventional mode
I Rooncentric 348 | 270 | 250 | 287 | 363 | 343 | 353 | 384
ERconcentric 235 | 185 | 236 | 20.0 | 347 | 247 | 333 | 287

Functional mode
IR orceflt 191 | 21.7 | 248 | 275 | 31.3 | 310 | 341 | 286
EReccentric 223 | 255 27.6 30.4 35.4 335 37.3 35.3

6. Conventional mode
I Rooncentric 46.1 | 518 34.7 42.3 43.8 59.9 35.6 50.2
ERconcentric 30.3 | 26.9 25.2 36.6 32.7 41.0 32.5 36.7

Functional mode
| Reoncentric 289 | 549 | 328 | 399 | 414 | 423 | 409 | 47.4
EReccentric 369 | 376 32.5 4.7 50.1 58.1 46.2 61.0
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Table D.3 Shoulder peak torque (Nm) of the first and second tests at 607/sec and

240°/sec (cont.)

Subj. Parameters Peak torque 607/sec (Nm) Peak torque 240°/sec (Nm)
No. Firsttest | Second test Firsttest | Second test
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
7. Conventional mode
I Rooncentric 122 | 229 | 160 | 222 | 245 | 39.7 | 288 | 37.1
ERconcentric 19.7 | 100 | 186 | 119 | 292 | 21.3 | 294 | 16.7
Functional mode
I Rooncentric 141 | 215 | 130 | 198 | 189 | 356 | 203 | 34.1
ER .2 195 | 27.0 | 224 | 261 | 251 | 378 | 253 | 403
8. Conventional mode
I Rooncentric 400 | 451 | 328 | 565 | 519 | 609 | 46.7 | 687
ERconcentric 405 | 365 | 398 | 419 | 498 | 438 | 500 | 511
Functional mode
I Reoncentric 376 | 559 | 343 | 480 | 459 | 565 | 425 | 66.1
EReccentric 43.9 67.1 42.0 52.1 46.8 51.0 46.2 67.5
9. Conventional mode
I Rooncentric 26.7 25.3 24.3 26.4 32.4 39.1 317 41.7
ERconcentric 18.0 14.1 14.0 14.3 19.9 15.9 18.2 15.7
Functional mode
| Rooncentric 11.8 | 41.7 | 140 | 353 | 17.1 | 428 | 155 | 395
EReccentric 13.9 42.6 16.5 39.6 19.0 48.3 18.6 48.7
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Table D.3 Shoulder peak torque (Nm) of the first and second tests at 607/sec and
240°/sec (cont.)

Subj. Parameters Peak torque 607/sec (Nm) Peak torque 240°/sec (Nm)

No. First test | Second test First test | Second test

Lt. Rt. Lt Rt. Lt. Rt. Lt. Rt.

10. Conventional mode

| Reoncentric 278 | 525 | 329 | 53.6 | 427 | 498 | 417 | 473

ERconcentric 265 | 206 | 274 | 176 | 358 | 224 | 391 | 219
Functional mode

| Reoncentric 298 | 349 | 282 | 405 | 359 | 495 | 309 | 50.8

EReccentric 359 | 554 | 370 | 563 | 340 | 567 | 312 | 60.3
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APPENDIX E
RESULTSOF PILOT STUDY

The purpose of this pilot study was to compare shoulder flexibility, stability
and muscle strength between pain-free shoulder and symptomatic shoulder in
swimmers. The subjects in this study were ten female athletes and six male athletes
with aged from 15 to 21 years. Half of female and male subjects were symptomatic
group and the other half were pain-free group. All subjects were tested ligament laxity,
range of motion, anterior and posterior capsule flexibility, muscle length, drawer tests

and shoulder rotator muscle strength with Con-Trex human isokinetic at 60°/sec and
240 /sec. Prior to testing, the subject performed 5 submaximal contractions for each

velocity. Each session allowed 30 seconds rest before starting the real test with 3
maximal contractions.

RESULTS

E.1 Characteristics of Subjects

Sixteen athletes were recruited and allocated into either the pain-free or the
symptomatic group. The characteristics of female and male athletes in each group are
presented in tables E.1 and E.2 respectively. Both groups were similar in age, weight,
height and body mass index (BMI).
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Subject’scharacteristics | Pain-freegroup | Symptomatic group
(n=5) (n=5)

Age (years) 16.2+0.84 15.4 + 0.55

Weight (kg) 53.3+2.64 53.0 + 4.85

Height (cm) 164.4 + 3.78 162.4 + 3.05

BMI (kg.m?) 19.74 + 0.62 20.1+1.89

Table E.2 Characteristics of male subjects

Subject’scharacteristics | Pain-freegroup | Symptomatic group
(n=3) (n=3)

Age (years) 16.67 + 2.08 17.33 + 2.08

Weight (kg) 65.33 + 4.16 62.67 + 2.52

Height (cm) 175.0 + 2.65 173.0+ 6.56

BMI (kg.m?) 21.24 + 0.62 20.96 + 1.89

E.2 Pattern of Shoulder Flexibility

E.2.1 Shoulder flexibility of female athlete

The results of shoulder capsule flexibility and shoulder muscle length of

female athletes in both groups showed no tigthness of either capsules or muscles.

Thus, two groups were not different in capsule flexibility and muscle length.

The comparisons between pain-free group and symptomatic group on
shoulder range of motion showed that the range of motions of all directions in

symptomatic group tended to be less than pain-free group.
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ROM of shoulder Pain-free group Symptomatic group
(degress) (n=5) (n=5)
Lt. Rt. Lt. Rt.

Flexion 183.2+1.30 | 183.2+1.64 | 182.8+1.95 | 182.8+1.64
Extension 63.0£2.74 | 63.0x2.74 | 61.0+£2.24 | 61.0+2.24
Horizontal abduction 48.0+2.74 | 47.0£2.74 | 46.0+2.24 | 45.0+£3.54
Horizontal adduction 125.4+0.89 | 125.6+1.34 | 123.0+4.47 | 123.0+4.47
Abduction 182.6+0.55 | 183.4+1.14 | 182.4+0.55 | 183.8+1.30
Int. rot. with 90" abduction | 71.4+3.13 | 71.4+2.19 | 70.4+0.89 71+2.24
Ext. rot. with 90 abduction | 91.6+2.07 | 92.0+2.12 | 90.0+3.08 | 91.0+1.41
Int. rot. with arm at side 83.0+4.47 | 85.4+4.56 | 81.0+2.24 | 81.8+2.05
Ext. rot. with arm at side 73.0£2.74 | 73.6+2.19 | 72.0+2.74 | 73.6+2.51

E.2.2 Shoulder flexibility of male athlete

The shoulder capsule flexibility and muscle length of male athletes in both

groups also showed no tigthness of capsules and muscles.

The data of shoulder range of motion of both groups are presented in table E.4.
Almost all of shoulder ranges of motions of the symptomatic group were lesser than

those of the pain-free group.
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ROM of shoulder Pain-free group Symptomatic group
() (n=3) (n=3)
Lt. Rt. Lt. Rt.

Flexion 184.3+1.15 | 183.7+1.53 | 181.0+1.00 | 180.7+0.57
Extension 66.7+2.89 66.7+2.89 56.7+5.77 58.3+2.89
Horizontal abduction 45.0+0.00 45.0+0.00 46.7+2.89 46.7+2.89
Horizontal adduction 125.0+0.00 | 125.0+0.00 | 123.3+2.89 | 121.7+5.77
Abduction 183.7+1.15 | 184.7+0.58 | 183.00+2.00 | 182.3+2.52
Int. rot. with abduct 90 | 73.3+2.89 | 72.3t252 | 70.0:+0.00 | 68.3+2.89
Ext. rot. with abduct 90° | 94.0+1.73 | 93.3t1.53 | 90.0+0.00 | 90.0+0.00
Int. rot. with arm at 82.7+252 | 83.3+t2.89 | 81.7+2.89 | 83.3+2.89
side

Ext. rot. with arm at 76.7+2.89 74.3+5.13 72.7+£2.52 73.3+2.89
side

E.3 Pattern of Shoulder Instability

The joint laxity tests in this study composed of passive hyperextension
metacarpal joint parallel of the forearm, passive apposition of the thumb to the flexor
aspect of the forearm, elbow hyperextension more than 10 degrees and knee
hyperextension more than 10 degrees. The subject would be determined to have
overall joint laxity when three or more than three of these tests were positive. Number
of athletes with positive joint laxity test are presented in tables E.5 and E.7.

In this study, shoulder laxity tests consisted of anterior drawer test, posterior
drawer test and sulcus sign. The test results were catgorized into three levels. Number
of athletes presenting shoulder instability are presented in tables E.6 and E.8.
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pain-free group compared to symptomatic group. As well as, shoulder instability in

symptomatic group were more than in pain-free group.

For the male athletes, the results showed a less tendency of joint laxity of the
pain-free group compared to the symptomatic group.

Table E.5 The results of joint laxity test in female athletes

Joint laxity test Number of pain-free Number of symptomatic
group group
Lt. Rt. Lt. Rt.
Posotive 3 3 1 1
Negative P 2 4 4
Total 5 5 5 5

Table E.6 The results of shoulder laxity tests in female athletes

Shoulder laxity

Number of pain-free
group (n=5)

Number of symptomatic
group (n=5)

Lt. Rt.

Lt. Rt.

Anterior Drawer Test
- 0
- 1+
- 2+
- 3+

= N
= N

Posterior Drawer Test
- 0
- 1+
- 2+
- 3+

Sulcus Sign
- 0
- 1+
N
- 3+
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Table E.7 The results of joint laxity test in male athletes

Joint laxity test Number of pain-free Number of symptomatic
group group
Lt. Rt. Lt. Rt.
Posotive 1 1 2 2
Negative 2 2 1 1
Total 3 3 3 3

Table E.8 The results of shoulder laxity tests in male athletes

Shoulder laxity Number of pain-free Number of symptomatic
group (n=3) group (n=3)
Lt. Rt. Lt. Rt.
Anterior Drawer Test
- 0 . - _ -
- 1+ 2 2 2 2
- 2+ ! 1 1 1
- 3+ 4 7 . -
Posterior Drawer Test
- 0 2 2 fh 1
- 1+ 1 1 1 1
- 2+ - - 1 1
- 3+ B - 5 -
Sulcus Sign
- 0 3 2 - -
- 1+ 1 1 2 2
- 2+ 2 2 1 1
- 3+ - - - -

E.4 Pattern of Shoulder Muscle Strength
The shoulder muscle strength of athletes were measured in term of peak

torque (Nm) and ratio of peak torque (%) at 60°/sec and 240°/sec in supine position.

E.4.1 Shoulder muscle strength of female athletes
The peak torques of conventional muscles are presented in table E.9. The
results of pilot study found that all of conventional and functional muscle peak torques
of in symptomatic group were less than those of pain-free group.
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The data of shoulder rotator peak torque ratios are presented in table E.11.
Almost all of muscle strength ratios in symptomatic group were more than in pain-free

group, except ratio of ERe : |Ron @ 60°/sec of left shoulder.

Table E.9 Shoulder conventional muscle peak torque (Nm) of female athletes

Conventional muscle Pain-free group Symptomatic group
strength (Nm) (n=5) (n=5)
Lt. Rt. LY, Rt.
Internal Rotation (60°/sec) 31.80+4.22 | 40.16+9.40 | 25.52+5.82 | 19.24+5.0
External Rotation (60°/sec) | 17.48+2.06 | 22.76+6.03 | 15.60+4.1 | 14.06+2.5
Internal Rotation (240°/sec) | 34.34+6.47 | 34.08+9.18 | 27.50+3.7 | 25.58+2.99
External Rotation (240°/sec) | 21.44+1.67 | 22.70+7.06 | 18.94+4.03 | 18.90+3.83

Table E.10 Shoulder functional muscle peak torque (Nm) of female athletes

Functional muscle Pain-free group Symptomatic group
strength (Nm) (n=5) (n=5)
Lt. Rt. Lt. Rt.
Internal Rotation (60°/sec) 28.3615.19 | 35.18+7.35 | 24.50+5.3 | 24.30+5.24
External Rotation (607/sec) | 36.04+3.86 | 39.92+8.64 | 28.68+6.75 | 29.74+6.36
Internal Rotation (240°/sec) | 31.58+6.5 | 33.92+8.28 | 23.86+6.62 | 25.94+4.75
External Rotation (240°/sec) | 40.00+5.12 | 41.32+8.55 | 30.34+6.38 | 33.74+4.31
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Table E.11 Shoulder muscle strength ratio (%) of female athletes

Muscle strength ratio Pain-free group Symptomatic group
(%) (n=5) (n=5)
Lt. Rt. Lt. Rt.
ERcon : IR con (60°/seC) 55.50£7.55 | 57.10£10.11 | 65.92+10.68 | 74.18+24.42
ERcon : IR con (240°/seC) 63.56x7.74 66.46+9.51 69.14+10.34 | 69.50+14.51
ERecc : IR con (60°/seC) 129.12+17.88 | 116.82+25.04 | 115.8+11.60 | 123.24+13.05
ERecc : IR con (240°/seC) 129.00+19.87 | 118.56+17.86 | 129.48+17.38 | 131.24+9.70

E.4.2 Shoulder muscle strength of male athletes

The peak torque of conventional muscle strength are presented in table E.12.

All conventional and functional muscle peak torques of symptomatic group was lesser

than those of pain-free group.

The data of peak torque ratios are presented in table E.14. Almost all of

muscle strength ratio in symptomatic group were more than in pain-free group, except
ratio of ERcon : IR ¢on at 60°/sec.

Table E.12 Shoulder conventional muscle peak torque (Nm) of male athletes

Conventional muscle Pain-free group Symptomatic group
strength (Nm) (n=3) (n=3)
Lt. Rt. Lt. Rt.
Internal Rotation (60°/sec) 57.53+6.88 | 54.60+11.31 | 33.33t7.18 | 37.77£2.95
External Rotation (60°/sec) 39.00+8.85 37.53£5.80 19.93+3.95 | 26.07£1.72
Internal Rotation (240°/sec) 51.83+£5.83 47.735.71 35.17+£7.75 | 33.33+2.50
External Rotation (240°/sec) 34.10+4.81 34.97+4.69 23.00£2.00 | 27.50+4.82




Raveewan Kulimakin

Appendix / 114

Table E.13 Shoulder functional muscle peak torque (Nm) of male athletes

Functional muscle strength

Pain-free group

Symptomatic group

(Nm) (n=3) (n=3)

Lt. Rt. Lt. Rt.
Internal Rotation (60°/sec) 49.27+4.55 | 53.00+13.19 | 31.746.85 | 33.93+2.50
External Rotation (60°/sec) 55.77+4.03 | 61.73+14.86 | 39.20+7.47 | 46.77+4.91
Internal Rotation (240°/sec) 46.03+2.01 | 49.47+13.32 | 29.87+6.47 | 30.30+3.56
External Rotation (240°/sec) | 58.40+2.50 | 59.77+9.06 | 38.60#£5.41 | 43.20+8.97

Table E.14 Shoulder muscle strength ratio (%) of male athletes

Muscle strength ratio Pain-free group Symptomatic group
(%) (n=3) (n=3)
Lt. Rt. Lt. Rt.
ERcon : IR con (60°/s€C) 67.53+10.77 | 70.27£15.12 | 60.03+2.50 | 70.23+8.91
ERwn : IRcon (240°/seC) | 66.30£11.34 | 67.10+13.17 | 66.77+9.57 | 82.23+9.80
ERec : IR con (60°/s€C) 113.33t2.82 | 112.07+8.89 | 124.23+5.18 | 137.63+5.07
ERecc : IR con (240°/seC) 127.10£9.26 | 130.17+£12.78 | 132.37+25.50 | 143.10+28.97




Fac. of Grad. Studies, Mahidol Univ M.Sc.(Physical Therapy) / 115

APPENDIX F
RAW DATA OF THE STUDY

TableF.1 Characteristics of female athletes

Subject Pain-free group Symptomatic group

No. Age | Weight | Height BMI Age | Weight | Height BMI

(yrs) (kg) (cm) (kgm?) | (yrs) (kg) (cm) (kg/m?’)
1 15 51.0 160.0 19.9 15 51.0 165.0 187
2, 16 52.5 166.0 19.1 15 46.0 159.0 182
3 17 55.0 169.0 19.3 15 59.0 160.0 23.0
4. 17 57.0 166.0 20.7 16 55.0 166.0 20.0
5. 16 51.0 161.0 19.7 16 54.0 162.0 20.6
6. 16 47.0 154.0 19.8 15 52.0 160.0 20.3
7. 15 47.0 159.0 18.6 21 55.0 160.0 215
8. 16 50.0 160.0 195 15 57.0 169.0 20.0
9. 20 64.0 170.0 22.1 17 61.0 169.0 214
10. 16 48.0 164.0 17.8 15 61.0 1730 20.4
11, 16 475 158.0 19.0 15 51.0 160.0 19.9
12. 16 62.0 170.0 215 15 49.0 162.0 18.7
13. 15 57.0 158.0 22.8 16 52.0 165.0 19.1
14, 15 66.5 172.0 225 15 53.0 165.0 19.5
15. 15 47.0 161.0 18.1 16 47.0 160.0 184
Mean | 16.07 | 53.50 163.20 20.03 | 1580 | 5353 163.67 19.98
D 1.28 6.53 5.39 157 157 4.60 422 1.31
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Subject Pain-free group Symptomatic group
No Agelyrs) | Weight(kg) | Height(cm) | BMI(kg/m?) | Agelyrs) | Weight(kg) | Height(cm) | BMI(kg/m?)
1 16 63.0 172.0 21.3 18 60.0 167.0 215
2. 19 74.0 176.0 239 19 62.0 180.0 191
3. 15 72.0 177.0 23.0 15 56.5 172.0 191
4. 20 76.0 176.0 245 17 64.9 174.0 21.4
5. 18 70.0 179.0 21.8 15 68.0 178.0 215
6. 15 66.5 175.0 21.7 16 69.0 180.0 21.3
7. .7 69.0 169.0 24.2 16 66.0 181.0 20.1
8. 16 61.5 177.0 19.6 16 78.0 185.0 22.8
9. 19 74.0 176.0 23.9 17 79.0 187.0 22.6
10. 15 60.0 177.0 19.2 15 58.0 172.0 19.6

Mean 17.00 68.60 175.40 22.31 16.40 66.14 177.60 20.90
SD 1.89 5.65 2.88 1.90 1.35 7.70 6.28 1.35

Table F.3 Shoulder conventional muscle peak torque (Nm) at 60°/sec of female athletes

Pain-free group Symptomatic group

Subject Internal Rotation Externa Rotation Internal Rotation Externa Rotation

No (con.) (con.) (con.) (con.)
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1. 29.2 331 14.8 17.7 28.3 16.2 22.8 15.1
2. 28.6 38.9 18.0 27.4 20.5 20.8 133 11.4
3. 28.8 30.5 17.1 18.7 23.7 12.3 12.9 12.2
4. 34.4 44.3 20.5 19.0 34.3 25.0 14.0 13.9
5. 38.0 54.0 17.0 31.0 20.8 219 15.0 17.7
6. 26.8 255 18.0 20.6 19.8 15.9 12.1 14.7
7. 28.6 34.1 18.9 22.3 32.6 29.1 18.2 21.3
8. 33.8 40.3 20.5 22.9 24.2 27.4 155 17.1
9. 32.2 37.6 19.0 24.5 28.3 316 19.7 21.2
10. 38.1 40.4 21.3 23.1 30.1 25.4 19.4 20.8
11 335 43.0 22.6 26.2 22.4 28.8 14.3 17.6
12. 29.1 38.7 184 239 26.2 27.9 17.4 22.5
13. 39.4 41.3 22.3 24.4 21.3 25.6 15.7 18.1
14. 34.0 4.1 22.1 28.8 28.3 30.4 17.2 21.4
15. 34.3 37.2 20.8 22.7 312 34.3 20.7 19.2
Mean 32.56 38.87 19.42 23.55 26.13 24.84 16.55 17.62
SD 3.96 6.67 2.26 3.75 471 6.29 3.14 3.53
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TableF.4 Shoulder conventional muscle peak torque (Nm) at 60°/sec of male athletes

Pain-free group Symptomatic group

Subject Internal Rotation Externa Rotation Internal Rotation Externa Rotation

No (con.) (con.) (con.) (con.)
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1 49.6 43.0 31.6 37.4 39.8 37.5 239 24.2
2. 61.8 65.6 36.6 434 34.6 40.2 19.9 26.4
3. 61.2 55.2 48.8 318 25.6 34.3 16.0 27.6
4. 47.8 53.5 27.6 33.6 38.2 42.0 25.1 33.1
5. 47.0 432 22.9 26.6 37.0 415 30.1 36.7
6. 50.5 55.7 354 37.2 323 42.0 27.0 31.4
7. 67.2 50.2 36.8 25.9 37.6 33.9 19.7 29.7
8. 59.4 60.7 33.7 42.6 35.8 B7.3 23.6 27.2
9. 61.8 65.6 36.6 434 34.3 38.1 20.9 28.6
10. 53.3 57.8 319 40.4 384 40.6 26.4 317
Mean 55.96 55.05 34.19 36.23 35.36 38.74 23.26 29.66
SD k) 7.99 6.80 6.58 4.10 3.01 4.17 3.66

TableF.5 Shoulder conventional muscle peak torque (Nm) at 240°/sec of female athletes

Pain-free group Symptomatic group

Subject Internal Rotation External Rotation Internal Rotation External Rotation

No (con.) (con.) (con.) (con.)
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1. 304 26.2 20.4 189 311 27.2 21.3 18.1
2. 26.7 24.3 19.0 13.8 279 26.9 18.6 15.4
3. 39.3 329 22.3 235 21.8 25.7 16.1 20.1
4. 32.8 44.0 22.6 24.5 26.4 20.4 14.3 16.0
5. 425 43.0 22.9 32.8 30.3 27.7 24.4 24.9
6. 24.0 22.9 15.8 16.2 26.5 20.4 16.5 18.1
7. 26.2 30.7 16.7 19.0 319 28.4 21.6 233
8. 30.1 34.3 17.9 20.7 221 25.2 18.3 19.7
9. 28.8 33.2 17.6 194 26.7 29.1 17.1 19.3
10. 34.4 39.7 20.5 24.3 28.2 27.3 16.8 20.2
11 277 38.3 20.9 23.2 24.6 27.1 14.7 16.4
12. 27.1 32.7 16.1 21.3 24.3 26.8 18.2 20.4
13. 339 435 20.6 27.6 21.7 24.2 14.6 17.3
14. 30.4 33.8 18.7 24.1 27.2 28.1 16.0 235
15. 26.7 32.0 17.4 22.3 26.4 27.6 18.6 20.1
Mean 30.73 34.10 19.29 2211 26.47 26.14 17.81 19.52
SD 5.10 6.65 2.36 4.60 3.20 2.64 2.85 2.79
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Table F.6 Shoulder conventional muscle peak torque (Nm) at 240°/sec of male athletes

Pain-free group Symptomatic group

Subject Internal Rotation Externa Rotation Internal Rotation Externa Rotation

No (con.) (con.) (con.) (con.)

Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.

1 45.1 41.2 33.7 339 35.4 33.2 22.8 24.0
2. 55.2 50.2 39.1 40.1 42.8 30.9 25.1 255
3. 55.2 51.8 29.5 30.9 27.3 35.9 21.1 33.0
4. 43.1 52.3 25.7 34.3 35.7 38.1 26.2 32.1
5. 48.0 40.4 30.4 28.8 40.9 36.4 32.6 30.3
6. 45.3 47.6 33.6 34.7 30.2 43.0 24.2 30.9
7. 60.9 434 375 25.3 334 325 22.1 285
8. 50.5 53.1 329 35.9 32.7 35.2 21.4 26.2
9. 55.2 50.2 39.1 40.1 30.6 374 20.3 29.1
10. 52.2 51.4 30.3 35.7 36.1 39.7 25.2 28.8
Mean 51.07 48.16 33.18 33.97 34.51 36.23 24.10 28.84
SD 5.69 4.78 441 4.64 4.77 3.58 3.58 291

TableF.7 Shoulder functional muscle peak torque (Nm) at 60°/sec of femal e athletes

Pain-free group Symptomatic group
Subject Internal Rotation Externa Rotation Internal Rotation Externa Rotation
No
(con.) (ecc) (con.) (ecc.)
Lt. Rt. Lt Rt. Lt. Rt. Lt. Rt.
1. 24.8 31.8 30.5 30.3 33.8 29.8 40.4 39.7
2. 21.9 29.7 35%2 47.9 219 20.7 27.8 27.0
3. 29.4 28.2 36.6 30.8 23.9 28.8 25.8 29.0
4, 30.4 42.6 36.6 46.0 20.8 24.7 26.1 30.6
5. 35.3 43.6 41.3 44.6 22.1 17.5 233 22.4
6. 24.0 22.9 314 24.7 20.4 13.3 225 15.2
7. 25.7 28.5 311 36.4 32.5 36.6 39.6 43.8
8. 30.8 34.2 40.6 45.3 21.8 28.1 30.5 33.9
9. 29.6 33.1 35.7 414 27.2 30.4 324 36.1
10. 36.4 40.1 42.9 46.2 28.9 30.6 34.7 33.2
11 28.8 40.7 36.1 47.3 23.2 26.4 28.3 30.9
12. 28.6 36.3 38.2 40.9 25.7 29.3 35.3 36.8
13. 34.8 38.4 41.6 44.2 20.6 24.9 314 30.3
14. 32.6 40.2 36.2 415 23.7 27.6 374 40.2
15, 30.5 38.6 39.1 42.4 30.8 335 38.2 36.7
Mean 29.60 35.26 36.88 40.66 25.15 26.81 31.60 32.39
sD 4.21 6.09 3.90 7.01 4.47 6.00 5.89 7.30
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Table F.8 Shoulder functional muscle peak torque (Nm) at 60°/sec of male athletes

Pain-free group

Symptomatic group

Subject Internal Rotation External Rotation Internal Rotation External Rotation
No
(con.) (ecc) (con.) (ecc.)
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1. 50.0 46.2 57.3 54.7 31.6 32.2 38.0 44.5
2. 534 68.2 58.8 78.8 38.6 36.8 47.2 52.4
3. 44.4 44.6 51.2 51.7 24.9 32.8 324 434
4. 43.3 46.4 474 54.3 36.9 40.5 51.1 57.5
5. 46.2 52.5 56.9 63.7 35.1 38.4 48.2 50.7
6. 45.3 50.4 53.4 60.3 325 41.3 427 50.0
7. 64.3 58.6 68.2 61.1 36.3 32.1 40.7 4.4
8. 50.2 56.9 59.3 61.4 33.6 37.2 43.2 45.8
9. 55.4 57.2 65.1 63.8 31.8 35.6 43.7 47.1
10. 51.1 53.0 54.3 58.2 34.3 39.0 44.2 45.6
Mean 50.36 53.40 57.19 60.80 33.56 36.59 43.14 48.14
SD 6.31 7.16 6.19 7.54 3.80 3.36 5.32 4.45

TableF.9 Shoulder functional muscle peak torque (Nm) at 240°/sec of female athletes

Pain-free group Symptomatic group
Subject Internal Rotation Externa Rotation Internal Rotation Externa Rotation
No
(con.) (ecc) (con.) (ecc.)
Lt. Rt. Lt Rt. Lt. Rt. Lt. Rt.
1. 27.9 23.6 33.0 29.3 32.9 29.6 39.2 39.6
2. 27.3 38.2 36.4 52.2 19.4 239 30.7 32.1
3. 36.3 28.1 4.4 38.7 19.1 32.3 234 36.9
Y 25.8 35.1 41.6 40.4 189 22.4 25.1 30.3
5. 40.6 44.6 44.6 46.0 29.0 215 33.3 29.8
6. 22.6 26.1 28.0 26.3 28.0 20.9 28.7 217
7. 21.8 28.3 30.2 39.4 324 30.4 449 47.6
8. 30.4 37.6 415 447 20.1 26.8 29.2 314
9. 35.2 36.4 38.1 40.9 25.3 29.2 34.3 36.7
10. 34.1 37.3 44.3 47.6 26.4 30.1 313 38.2
11 26.2 36.8 37.8 50.4 22.6 259 30.1 33.7
12. 24.7 314 34.2 42.8 22.8 30.3 32.6 35.4
13. 36.2 40.1 44.0 43.2 19.4 23.7 29.3 32.8
14. 33.6 38.7 39.1 42.3 24.6 27.3 38.9 41.0
15. 26.1 319 33.7 40.4 25.8 311 36.6 414
Mean 29.92 34.28 38.06 41.64 24.45 27.03 32.51 35.24
sD 571 5.83 5.40 6.87 4.70 3.77 5.63 6.13
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TableF.10 Shoulder functional muscle peak torque (Nm) at 240°/sec of male athletes

Pain-free group Symptomatic group
Subject Internal Rotation External Rotation Internal Rotation External Rotation
No
(con.) (ecc.) (con.) (ecc.)
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1. 47.9 48.6 59.2 67.5 325 30.0 44.8 334
2. 46.3 63.2 55.6 62.0 34.6 34.0 36.2 51.0
3. 43.9 36.6 60.4 49.8 22.5 26.9 34.8 45.2
4. 35.1 35.5 52.4 52.9 34.2 36.3 50.3 55.3
5. 50.7 42.2 61.4 62.5 30.7 38.0 46.0 56.8
6. 435 47.4 55.8 59.1 35.3 40.4 41.8 48.3
7. 56.8 54.2 66.2 62.4 29.5 32.0 38.9 46.9
8. 47.1 57.3 53.1 59.7 344 36.3 48.6 50.1
9. 46.3 49.4 55.6 60.2 31.3 34.8 452 52.4
10. 48.2 52.9 53.7 61.3 322 37.6 46.3 51.2
Mean 46.58 48.73 57.34 59.74 31.72 34.63 43.29 49.06
SD 5.52 8.80 4.37 5.04 3.75 4.05 5.20 6.54

TableF.11 Shoulder conventional muscle strength ratio (EReon: I Reon) %0 at 60°7/sec of female athletes

Pain-free group Symptomatic group
Subject ERcon : | Reon (%0) ERcon : Reon (%0)
No Lt RE. Lt R
1. 50.7 53.5 80.6 93.2
2. 62.9 70.4 64.9 54.8
3. 59.4 61.3 54.4 99.2
4, 59.8 42.9 57.6 42.9
5. 447 57.4 72.1 80.8
6. 67.2 80.8 61.1 92.5
7. 66.1 65.4 61.7 73.2
8. 60.7 56.8 64.0 62.4
9. 59.0 65.2 69.6 67.1
10. 55.9 57.2 64.5 819
11. 67.5 60.9 63.8 61.1
12. 63.2 61.8 66.4 80.6
13. 56.6 59.1 73.7 70.7
14, 65.0 65.3 60.8 70.4
15. 60.6 61.0 66.3 56.0
Mean 59.95 61.27 65.43 72.45
SD 6.21 8.32 6.57 15.80
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TableF.12 Shoulder conventiona muscle strength ratio (ERqon:1Reon) % at 60°/sec of male athletes

Pain-free group Symptomatic group

Subject ERcon: |Reon (%) ERcon: |Reon (%)
No Lt =3 Lt =3
1 63.7 87.0 60.1 64.5
2, 59.2 66.2 57.5 65.7
3. 79.7 57.6 62.5 80.5
4, 57.7 62.8 65.7 78.8
5. 48.7 61.6 814 88.4
6. 70.1 66.8 83.6 74.8
7. 54.8 51.6 59.6 61.1
8. 56.7 70.2 65.9 72.9
9. 59.2 66.2 60.9 75.1
10. 59.8 69.9 68.8 78.1
Mean 60.96 65.99 66.60 73.99
SD 8.61 9.32 9.05 8.29

TableF.13 Shoulder conventional muscle strength ratio (ERgon: I Reon) %0 at 240°/sec of female athletes

Pain-free group Symptomatic group
Subject ERcon: | Reon (%) ERcon & 1Reon (%)
" Lt. Rt. Lt. Rt.
1. 50.7 53.5 80.6 93.2
2. 62.9 70.4 64.9 54.8
3. 59.4 61.3 54.4 99.2
4, 59.8 42.9 57.6 42.9
5. 44.7 57.4 72.1 80.8
6. 67.2 80.8 61.1 925
7. 66.1 65.4 61.7 73.2
8. 60.7 56.8 64.0 62.4
9. 59.0 65.2 69.6 67.1
10. 55.9 57.2 64.5 819
11 67.5 60.9 63.8 61.1
12. 63.2 61.8 66.4 80.6
13. 56.6 59.1 73.7 70.7
14. 65.0 65.3 60.8 70.4
15. 60.6 61.0 66.3 56.0
Mean 59.95 61.27 65.43 72.45
SD 6.21 8.32 6.57 15.80
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TableF.14 Shoulder conventional muscle strength ratio (ERon: 1 Reon) %0 at 240°/sec of male athletes

Pain-free group Symptomatic group

Subject EReon  |Reon (%) EReon : |Reon (%)
No Lt. RE. Lt. RE.
1. 4.7 82.3 64.4 72.3
2, 70.8 59.3 58.6 825
3. 534 59.7 Vel 91.9
4, 59.6 65.6 734 84.3
5. 63.3 71.3 79.7 83.2
6. 74.2 72.9 80.1 71.9
7. 616 58.3 66.2 87.7
8. 65.1 67.6 65.4 74.4
9. 70.8 79.9 66.3 778
10. 57.7 69.5 69.8 725
Mean 65.12 68.64 70.12 79.85
SD 7.28 8.32 7.24 7.09

Table F.15 Shoulder functional muscle strength ratio (ERe:1Reon) % at 60°7/sec of female athletes

Pain-free group Symptomatic group
Subject ERece [Reon (%) ERee: [Reon (%)
" Int? Rt. Lt. Rt.
1, 123.0 103.3 1195 1332
2, 160.7 161.3 126.9 1304
3. 1245 109.2 101.7 100.7
4, 120.4 108.0 1255 123.9
5. 117.0 102.3 105.4 128.0
6. 130.8 107.9 110.3 114.3
7. 121.0 127.7 121.8 119.7
8. 131.8 1325 139.9 120.6
9. 120.6 125.1 119.1 118.8
10. 117.9 115.2 120.1 108.5
11 125.3 116.2 122.0 117.0
12, 133.6 112.7 137.4 125.6
13. 1195 115.1 152.4 121.7
14. 111.0 103.2 157.8 145.7
15. 128.2 109.8 124.0 109.6
Mean 125.69 116.63 125.59 121.18
SD 11.44 15.30 15.71 10.99
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TableF.16 Shoulder functional muscle strength ratio (ERes: | Reon) % @t 60°/sec of male athletes

Pain-free group Symptomatic group
Subject ERecc [Reon (%) ERecc  [Reon (%)
" Lt. Rt. Lt. Rt.
1, 114.6 118.4 120.3 138.2
2, 110.1 101.9 122.3 142.4
3. 115.3 115.9 130.1 132.3
4. 109.5 117.0 1385 142.0
5. 1232 121.3 137.3 132.0
6. 117.9 119.6 1314 128.1
7. 106.0 104.3 112.1 138.3
8. 118.1 107.9 128.6 123.1
9. 1175 111.5 137.4 132.3
10. 106.3 109.8 128.9 116.9
Mean 113.85 112.76 128.69 132.56
SD 5.67 6.69 8.45 8.20

Table F.17 Shoulder functional muscle strength ratio (ERe: | Reon) % at 240°7/sec of femal e athletes

Pain-free group Symptomatic group
SHbject ERece 1Reon (%) ERuco: [Roon (%)
" Lt. Rt. Lt. Rt.
1, 118.3 100.3 119.1 133.8
2. 133.3 136.6 158.2 134.3
3, 122.3 137.7 1225 114.2
4, 161.2 115.1 132.8 135.3
5. 109.9 103.1 114.8 138.6
6. 123.9 100.8 102.5 103.8
7. 138.5 139.2 138.6 156.6
8. 136.5 118.9 145.3 117.2
9. 108.2 112.4 135.6 125.7
10. 130.0 127.6 118.6 126.9
11. 144.3 137.0 1332 130.1
12. 1385 136.3 143.0 116.8
13. 1215 107.7 151.0 138.4
14. 116.4 109.3 158.1 150.2
15. 129.1 126.6 141.9 133.1
Mean 128.79 120.57 134.35 130.33
D 13.95 14.64 16.26 13.71
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Table F.18 Shoulder functional muscle strength ratio (ERex: | Reon) % at 240°/sec of male athletes

Pain-free group Symptomatic group
Subject ERecc: 1Reon (%) ERecc: 1Reon (%)
" Lt. RE. Rt.
L 1236 1389 13738 1113
2. 120.1 1155 104.6 150.0
3 1376 136.1 154.7 168.0
4. 149.3 149.0 1471 152.3
5. 1211 1481 1498 1495
6. 1283 1247 1184 119.6
7. 1165 115.1 1319 146.6
8. 1127 104.2 1413 1380
9. 120.1 1219 144.4 150.6
10. 1114 115.9 1438 136.2
Mean 124.07 126.94 137.38 14221
D 11.68 15.28 15.35 16.64

TableF.19 ROM of shoulder flexion and extension (°) of female athletes

Pain-free group Symptomatic group

Subject Flexion () extension (°) Flexion (°) extension (°)
No Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1 183 184 60 60 183 182 60 60
2. 182 184 65 65 183 181 60 60
3. 185 182 65 65 181 182 60 60
4, 184 185 65 65 183 184 60 60
5. 182 181 60 60 184 185 65 65
6. 182 183 65 65 182 184 60 60
7. 185 185 68 70 183 183 63 65
8. 182 181 60 60 184 185 65 65
9. 183 182 63 65 184 184 60 60
10. 184 183 65 65 182 183 65 65
11. 185 183 70 70 181 182 63 61
12. 182 183 60 63 183 184 65 65
13. 185 185 65 65 182 181 63 64
14. 183 183 60 60 184 185 60 60
15. 182 183 65 65 183 184 65 65
Mean | 183.27 | 183.13 63.73 64.20 182.80 | 183.27 62.27 62.33
sD 1.28 1.30 3.15 321 1.01 1.39 231 247
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TableF.20 ROM of shoulder flexion and extension (°) of mae athletes

Pain-free group Symptomatic group
Subject Flexion () extension (°) Flexion (*) extension (°)
No
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
L 185 184 70 70 180 180 50 55
2. 185 185 65 65 181 181 60 60
3. 183 182 65 65 182 181 60 60
4. 183 183 70 70 182 183 65 65
5. 183 182 65 67 183 182 60 62
6. 184 183 65 65 181 180 65 65
7. 182 183 65 68 184 183 65 65
8. 182 181 65 63 183 182 65 65
9. 185 185 65 65 184 185 60 65
10. 183 184 65 65 183 183 65 65
Mean | 183.50 | 183.20 66.00 66.30 182.30 | 182.00 61.50 62.70
S'h) 1.18 1.32 211 2.36 1.34 1.56 4,74 343
TableF.21 ROM of shoulder horizontal abduction and adduction, shoulder abduction () of female athletes
Subj. Pain-free group Symptomatic group
No Hori. ab. (°) Hori. ad. (°) Abduction (°) Hori. ab. (°) Hori. ad. (°) Abduction (°)
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1. 45 45 125 125 183 184 45 45 125 125 182 183
2. 50 50 125 125 182 183 45 45 125 125 182 185
3, 50 45 125 125 183 182 45 40 115 115 183 185
4, 50 50 127 128 183 185 45 45 125 125 183 182
5. 45 45 125 125 182 183 50 50 125 125 182 184
6. 50 50 125 125 187 185 45 45 125 125 183 182
7. 50 50 125 125 183 184 50 45 120 120 182 184
8. 50 52 125 125 182 183 45 45 125 125 183 183
9. 45 45 125 125 184 185 50 50 125 125 184 184
10. 50 50 127 130 183 183 50 50 125 125 183 182
11. 45 45 125 125 184 183 45 45 125 125 183 182
12. 50 50 125 125 183 185 45 50 125 125 183 185
13, 50 50 128 125 182 184 50 50 125 125 182 183
14, 45 45 125 125 182 183 50 45 125 125 184 184
15. 45 45 125 125 183 185 45 45 125 125 183 184
Mean | 4800 | 47.80 | 12547 | 12553 | 18307 | 183.80 | 47.00 | 46.33 | 124.00 | 124.00 | 182.80 | 183.47
SD 254 | 276 0.99 1.46 1.28 1.01 254 | 297 2.80 2.80 0.68 1.13
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TableF.22 ROM of shoulder horizontal abduction and adduction, shoulder abduction (°) of male athletes

Subj. Pain-free group Symptomatic group
No Hori. ab. (°) Hori. ad. (°) Abduction (°) Hori. ab. (°) Hori. ad. (°) Abduction (°)
Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1. 45 45 125 125 183 185 50 50 120 115 185 185
2. 45 45 125 125 185 185 45 45 125 125 183 180
3. 45 45 125 125 183 184 45 45 125 125 181 182
4. 45 50 125 125 183 184 45 45 125 125 183 182
5. 50 55 128 130 183 183 45 45 125 125 183 183
6. 45 45 125 125 183 182 50 45 120 120 182 182
7. 45 50 125 125 184 183 45 45 125 125 183 183
8. 50 50 125 125 183 182 50 50 125 125 184 183
9. 50 50 120 125 185 184 45 50 125 125 184 185
10. 45 45 125 125 183 183 50 50 125 125 184 184
Mean | 4650 | 48.00 | 124.80 | 12550 | 18350 | 18350 | 47.00 | 47.00 | 124.00 | 12350 | 183.20 | 182.90
sD 242 3.50 1.93 1.58 0.85 1.08 2.58 2.58 211 3.38 114 1.52

TableF.23 ROM of shoulder internal rotation and externd rotation (°) with arm abduct 90° of femal e athletes

Pain-free group Symptomatic group

Subject Internal rot. (°) Externad rot. (°) Internal rot. (°) External rot. (°)
No Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1 77 75 90 90 70 70 85 90
2. 70 72 90 90 70 70 90 90
3. 70 70 92 93 70 70 93 92
4, 70 70 95 95 70 70 90 90
5. 70 70 91 92 72 75 92 93
6. 80 80 90 90 70 70 90 93
7. 75 75 94 93 72 70 90 91
8. 70 70 92 94 70 70 92 93
Q. 70 75 95 95 70 70 90 90
10. 70 72 93 92 72 75 90 90
11. 70 70 90 92 70 72 91 92
12. 75 75 90 90 70 70 93 92
13. 75 75 92 93 70 70 90 90
14. 70 70 94 95 75 75 92 93
15. 70 70 90 90 70 70 90 92

Mean | 72.13 72.60 91.87 92.27 70.73 71.13 90.53 91.40
S 3.34 3.07 1.92 1.94 1.44 2.07 1.92 1.30
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TableF.24 ROM of shoulder internal rotation and externa rotation (°) with arm abduct 90° of male athletes

Pain-free group Symptomatic group

Subject [ nternal rot. (*) External rot. (*) Internal rot. (*) External rot. (*)
No Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1 75 75 95 95 70 65 90 90
2. 75 72 95 92 70 70 90 90
3. 70 70 92 93 70 70 90 90
4, 70 70 90 94 70 72 91 93
5. 75 75 92 95 70 70 90 92
6. 70 72 90 92 75 75 93 93
7. 75 80 95 98 70 70 90 91
8. 75 75 90 91 72 75 90 90
9. 70 72 93 91 70 70 92 93
10. 75 75 94 93 72 70 90 90

Mean 73.00 73.60 92.60 93.40 70.90 70.70 90.60 91.20
SD 2.58 3.03 2.12 2.17 1.66 2.87 1.08 1.40

TableF.25 ROM of shoulder internd rotation and external rotation (°) with arm at side of female athletes

Pain-free group Symptomatic group
Subject Internal rot. (°) Externd rot. (°) Internal rot. (°) External rot. (*)
No

Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1 75 73 90 90 70 70 80 80
2. 70 70 80 85 70 75 80 82
3. 75 75 80 80 75 76 85 80
4. 75 75 85 90 70 72 80 85
5. 70 75 80 82 75 75 80 82
6 80 80 90 90 70 70 90 93
7. 75 75 94 93 72 70 90 91
8. 70 70 92 94 70 70 92 93
9. 70 75 95 95 70 70 90 90
10. 70 72 93 92 72 75 90 90
11 70 70 90 92 70 72 91 92
12. 75 75 90 90 70 70 93 92
13. 75 75 92 93 70 70 90 90
14, 70 70 94 95 75 75 92 93
15. 70 70 90 90 70 70 90 92

Mean 74.73 75.87 82.67 84.33 73.13 74.00 81.33 82.27
SD 2.49 2.90 3.06 3.60 2.53 3.32 2.09 2.22
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TableF.26 ROM of shoulder interna rotation and external rotation (°) with arm at side of mde athletes

Pain-free group Symptomatic group

Subject [ nternal rot. (*) External rot. (*) Internal rot. (*) External rot. (*)
No Lt. Rt. Lt. Rt. Lt. Rt. Lt. Rt.
1 80 80 85 85 75 75 80 85
2. 75 70 80 80 73 70 85 85
3. 75 73 83 85 70 75 80 80
4. 80 80 85 85 72 75 83 8l
5. 75 80 80 80 70 72 80 80
6. 7] 75 85 85 75 75 85 85
7. 75 75 80 80 75 73 80 83
8. 80 80 80 85 75 75 80 80
9. 75 75 83 85 75 80 80 80
10. 73 75 85 85 75 75 83 85

Mean 76.30 76.30 82.60 83.50 73.50 74.50 81.60 82.40
SD 2.63 3.55 2.37 2.42 2.12 2.59 2.17 241

Table F.27 Swimming experiences of female athletes in pain free group

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs. amount ing using used tation ty
1 15 right free- long 9 7000- | every | weigth | hand pan no pain -
style 8000 time 2 kgs paddie | left
m./day | before | and since | shoul-
5days | train- eastic | 12 der
week ing band year during
about about old train-
15 15mins | 400m. | ing
mins three /time
times/ three
week, times/
fin800 | week
m./time
twicea
week
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Table F.27 Swimming experiences of female athletesin pain free group (cont.)

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
2 16 right free- short 2 6000 every elastic | hand no no pain -
style m./day | time band, paddie | pain

5dayy | before | 4-5 since
week train- times/ 14
ing week year
about about old
15 20 1000m
mins mins Jtime
two
times
/week
fin
400m.
/time

3 17 right free- short 8 3000- | every pullboy | weigth | pain no pain -

style 6000 time kick- 2kgs | both
m./day | before | board about | shoul-
6 days/ | train- fin 30 der

week ing about mins, | during
about 1000 hand train-
15 m./time | paddie | ing
mins SiX since
times/ 13
week year
old
1000m
Jtime
two
times
/week

4 17 right free- | middle 8 5000 every | vasa hand pain no pain

style m./day | time about paddie | both
6 days | before | 20 since shoul-
week train- mins 13 der
ing four year after
about times/ old train-
30 week 400m. | ing
mins /time
three
times/

week
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ing

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
5 16 right | butter- | short 9 7000 every | weigth | hand pain no pain -
fly m./day | time 1kg paddle | both
5days | before | aboutl | since shoul-
week train- hr. 13 der
ing three year during
about time old train-
20 /week, | 1000m | ing
mins elastic | ./time
band once a
about week
10-20
mins
three
time/
week,
fins
about
400-
500m./
time
twice a
week
6 16 right | free- long 6 7000 every | vasa hand no no pain -
style m./day | time about paddle | pain
6 dayy | before | 15 since
week tran- mins, 11
ing kick- year
about board old
10 about 1000m
mins 1000 Jtime
m./time | two
every times
time /week
with
train-
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Table F.27 Swimming experiences of female athletesin pain free group (cont.)

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty

7 15 right free- | middie 8 7000 every dum- hand pain no pain -

style m./day | time bell paddle | both
6 days | before | 2kgs since shoul-
week train- about 12 der
ing 30 year after
about mins old train-
10 twicea | 1000m | ing
mins week, Jtime
pullboy | three
kick- times/
board week
fins
about
1500
m./time
every
time
with
train-
ing

8 16 right | breast- | short 5 6000 every pullboy | hand pan no pain -

stroke m./day | time kick- paddie | both
5days/ | before | board since shoul-
week tran- fins 12 der
ing about year after
about 1000 old train-
15 m./time | 400m. | ing
mins every /time
time two
with times
train- /week
ing

9 20 right | breast- | short 10 | 6000- | every dum- hand ain no pain -

stroke 8000 time bell 2.5 | paddle | both
m./day | before | kgs since shoul-
5days | train- about 13 der
week ing 30 year after
about mins old train-
15 three 1000m | ing
mins times/ Jtime
week, two
kick- times
board /week
fins
about
400
m./time
every
time
with
train-

ing
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Sub
ject
No.

Age
(yrs)

Hand
domi
nant

Stroke
skilled

Dis-
tance
skilled

Swim
exp.
(yrs.)

Train-
ing
amount

Muscle
stretch-
ing

Instru-
ment
using

Instru-
ment

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

10

16

right

free-
style

long

10

8000
m./day
6 days/
week

every
time
before
train-
ing
about
20
mins

vasa
about
30
mins,
fins
about
1000
m./time
every
time
with
train-
ing,
hand
paddie
since
12 year
old
400m./
time
twicea
week

pain
both
shoul-

during
train-
ing

no pain

11

16

right

breast-
stroke

middle

m./day
6 days/
week

every
time
before
train-
ing
about
15
mins

elastic
band
about
15
mins
every
time
before
train-
ing,
dum-
bell 2

about
20
mins
twicea
week,
hand
paddie
since
12 year
old
800m.
/time
twicea
week

no
pain

no pain
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Table F.27 Swimming experiences of female athletesin pain free group (cont.)

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
12 16 right free- | short 4 8000 every elastic - pain no pain -
style m./day | time band both
6 days | before | about shoul-
week train- 15 der
ing mins during
about every train-
30 time ing
mins before
train-
ing,
hand
paddie
since
12 year
old
600m.
/time
twicea
week
13 15 right free- | short 6 8000 every elastic | hand no no pain -
style m./ time band paddie | pain
day before | about since
6 days/ | train- 10 12
week ing mins year
about five old
15 times/ 600m.
mins week /time
four
times/
week
14 15 right free- | long 8 7000 every | dum- - no no pain -
style m./day | time bell 2 pain
6 days | before | kgs
week train- about 5
ing mins
about three
15 times/
mins week,
pullboy
kick-
board
fins
about
1000
m./time
twicea
week
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Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru-
ject | (yrs) domi skilled tance exp. ing stretch- ment ment
No. nant skilled | (yrs) | amount ing using used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

15 15 right free- | short 5 6000 every | elastic -
style m./day | time band

6 days | before | about
week train- 10

ing mins
about | three
15 times/
mins week,
hand
paddie
since
11 year

200m.
/time
twicea
week

pain
both
shoul-

after
train-
ing

no pain

Table F.28 Swimming experiences of female athletes in symptomatic group

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru-
ject | (yrs) domi skilled tance exp. ing stretch- ment ment
No. nant skilled | (yrs. amount ing using used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

1 15 right | butter- | middle 6 6000 every | vasa -
fly m./day | time about
6 days | before | four
week train- times/
ing week
about about
10 15mins
mins hand
paddie
since
11 year
old

1000
m./time
four
times/
week,
kick-
board
five
times/
week
200m./
time

pain
both
shoul-

during
and
after
train-
ing

pain both
shoul der

Rt. VAS

4/10

Lt. VAS

3/10
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Table F.28 Swimming experiences of female athletes in symptomeatic group (cont.)

week

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
2 15 right free- short 8 6000 five dum- hand pan pain both -
style m./day | times/ | bell 2 paddle | both shoulder
6 days/ | week kgsand | since shoul- | Rt. VAS
week about glagtic | 12 der 2/10
5mins | band year during | Lt. VAS
about old train- 3/10
10 1000m | ing
mins Jtime
twicea | three
week times/
week
3 il right free- long 10 | 5000 four - elastic | pain pain both -
style m./day | times/ band both shoul der
6 days/ | week about | shoul- | Rt. VAS
week about 5mins | der 1/10
10 two after Lt. VAS
mins times | tran- 1/10
/week, | ing
hand
paddie
since
12
year
old
500m.
/time
two
times
/week
4 16 right free- short 8 6000- | every | weigth | hand pan pain both -
style 7000 time 30kgs | paddle | both shoul der
m./day | before | and since shoul- | Rt. VAS
6 days/ | train- elastic | 13 der 2/10
week ing band year after Lt. VAS
about about old train- 2/10
15 15-30 2000m | ing
mins mins Jtime
three three
times/ times/
week week,
pull-
boy
about
2000m
Jtime
once a
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week week

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
5 16 right free- | middie 8 4500- | four elastic | hand pain pain both -
style 5000 times/ | band paddie | both shoul der
m./day | week about5 | since shoul- | Rt. VAS
6 days/ | about mins 13 der 3/10
week 5-10 twicea | year during | Lt. VAS
mins week old train- 3/10
1000m | ing
Jtime
three
times/
week
6 15 right | butter- | middle 6 6000 five vasa - pain pain both -
fly m./day | times/ | about both shoul der
6 days/ | week three shoul- | Rt. VAS
week about times/ der 2/10
10 week during | Lt. VAS
mins about train- 1/10
10mins ing
hand
paddie
since
10 year
old
1000m.
/time
three
times/
week,
pullboy
500m./
time
three
times/
week
7 21 right free- | short 10 | 6000 every | dum- hand pain pain both -
style m./day | time bell 3 paddie | both shoul der
6 days | before | kgsand | since shoul- | Rt. VAS
week train- elastic | 13 der 5/10
ing band year during | Lt. VAS
about about old train- 6/10
15 15 8000m | ing
mins mins Jtime
three three
times/ times/
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Table F.28 Swimming experiences of female athletes in symptomatic group (cont.)

Sub
ject
No.

Age
(yrs)

Hand
domi
nant

Stroke
skilled

Dis-
tance
skilled

Swim
exp.
(yrs.)

Train-
ing
amount

Muscle
stretch-
ing

Instru-
ment
using

Instru-
ment
used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

15

right

free-
style

long

10000
m./day
6 days/
week

four
times/
week
about
15
mins

vasa
about
four
times/
week
about
30mins
hand
paddie
since
11 year
old
2000m.
/time
twicea
week

fins
800m.
/time
two
times
/week

pain
left
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

3/10

Lt. VAS

5/10

17

right

free-
style

short

8000
m./day
6 days/
week

four
times/
week

15
mins

weigth
3-5kgs
and
elastic
band
about
15-25
mins
five
times/
week,
hand
paddie
since
12 year
old
1000m.
/time
every
time
with
train-
ing,
fins
1000m.
/time
twicea
week

pain
both
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

2/10

Lt. VAS

2/10
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Sub
ject
No.

Age
(yrs)

Hand
domi
nant

Stroke
skilled

Dis-
tance
skilled

Swim
exp.
(yrs)

Train-
ing
amount

Muscle
stretch-
ing

Instru-
ment
using

Instru-
ment
used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

10

15

right

free-
style

middle

7000
m./day
6 days/
week

every
time
before
tran-
ing
about
10
mins

elastic
band
about
15
mins
four
times/
week,
hand
paddie
since
13 year
old
1500m.
/time
three
times/
week,
fins
3000m.
/time
three
times/
week

pain

| eft
shoul-
der
after
train-
ing

pain both
shoul der

Rt. VAS

2/10

Lt. VAS

4/10

11

15

left

stroke

middle

7000
m./day
6 days/
week

five
times/
week
about
10
mins

dum-
bell 2.5
kgs
about
30mins
twicea
week,
hand
paddie
since
12 year
old
1500m.
/time
five
times/
week,
pullboy
kick-
board,
fins
about
1500
m./time
every
time
with
train-
ing

pain
both
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

4/10

Lt. VAS

5/10
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Table F.28 Swimming experiences of female athletes in symptomeatic group (cont.)

Sub
ject
No.

Age
(yrs)

Hand
domi
nant

Stroke
skilled

Dis-
tance
skilled

Swim
exp.
(yrs.)

Train-
ing
amount

Muscle
stretch-
ing

Instru-
ment
using

Instru-
ment
used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

12

15

right

free-
style,
back-
stroke

middle

7000
m./day
6 days/
week

five
times/
week
about
5mins

dum-
bell 2.5

about
30mins
twicea
week,
hand
paddie
since
12 year

1500m.
/time
five
times/
week,
pullboy
kick-
board
fins

1500
m./time
every
time
with
train-
ing

pain
both
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

3/10

Lt. VAS

5/10
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Sub
ject
No.

Age
(yrs)

Hand
domi
nant

Stroke
skilled

Dis-
tance
skilled

Swim
exp.
(yrs.)

Train-
ing
amount

Muscle
stretch-
ing

Instru-
ment
using

Instru-
ment
used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

13

16

left

free-
style

long

8

10000
m./day
6 days/
week

every
time
before
train-
ing
about
10
mins

vasa
four
times/
week
about
20-
30mins
every
time
bofore
train-
ing,
hand
paddie
since
12 year
old
1500m.
/time
three
times/
week,
fins
about
1500
m./time
three
times/
week

pain
both
shoul-

during
train-
ing

pain both
shoul der

Rt. VAS

3/10

Lt. VAS

2/10

14

15

right

back-
stroke

middle

8000
m./day
6 days/
week

every
time
before
train-
ing
about
10
mins

elastic
band
15
mins
four
times/
week,
hand
paddie
since
13 year
old
1500m.
/time
twicea
week,
kick-
board,
fins
400
m./time
every
time
with
train-
ing

pain
both
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

2/10

Lt. VAS

2/10
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Table F.28 Swimming experiences of female athletes in symptomeatic group (cont.)

Sub
ject
No.

Age
(yrs)

Hand
domi
nant

Stroke
skilled

Dis-
tance
skilled

Swim
exp.
(yrs)

Train-
ing
amount

Muscle
stretch-
ing

Instru-
ment
using

Instru-
ment
used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

15

16

rigth

back-
stroke

short

6000
m./day
6days/
week

every
time
before
train-
ing
about
10
mins

elastic
band
about
15
mins
four
times/
week,
hand
paddle
since
13 year
old
1000m.
/time
twicea
week,
kick-
board,
fins
about
400
m./time
every
time
with
train-
ing

pain
both
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

3/10

Lt. VAS

2/10

Table F.29 Swimming experiences of male athletesin pain free group

Sub
ject
No.

Age
(yrs)

Hand
domi
nant

Stroke
skilled

Dis-
tance
skilled

Swim
exp.
(yrs)

Train-
ing
amount

Muscle
stretch-

ing

Instru-
ment
using

Instru-
ment
used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

16

right

free-
style

short

5000-

m./day
6 days/
week

5-7
times/
week
about
15
mins

elastic
band

vasa
15-20
mins

times/
week,
hand
paddie
since
10 year
old
500m./
time
oncea
week

pain
both
shoul-
der
after
train-
ing

no pain
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Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
2 15 right free- short 5 4000 every | weigth | hand no no pain -
style, m./day | time 20 paddie | pain
back- 6 days | before | kilos since
stroke week train- and 12
ing dum- year
about bell 4 old
15 kgsall | 1000m
mins time Jtime
before | three
train- times/
ing week
about
20
mins
3 15 right free- | middle 3 8000 every | elastic | hand pain no pain -
style m./day | time band paddie | both
6 days | before | about since | shoul-
week train- 15 13 der
ing mins year during
about twicea | old tran-
20 week, 2000m | ing
mins fin Jtime
1000m. | three
/time times/
twicea | week
week
4 20 | right butter- | middle | 10 | 10000 | every | weigth | hand pain no pain -
fly m./day | time 12 kgs | paddle | both
6 days | before | about since shoul-
week train- 20 13 der
ing mins year during
about twicea | old train-
15 week, 2000m | ing
mins fins Jtime
1000m. | three
/time times/
oncea | week

week
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Table F.29 Swimming experiences of male athletes in pain free group (cont.)

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty

5 18 right free- short 9 6000 every kick- elastic | pain no pain -

style m./day | time board band rigth
6 days/ | before | 600m. about | shoul-
week train- /time 15 der
ing every mins after
about time three train-
15 with times | ing
mins train- week,
ing hand
paddie
since
12
year
old
1000m
Jtime
two
times
/week

6 15 right | breast- | middle | 10 | 6000 every | elastic | hand pain no pain -

stroke, m./day | time band paddle | both
back- 5days/ | before | about since | shoul-
storke week tran- 10 12 der
ing mins year during
about oncea | od train-
15 week, 1000m | ing
mins pullboy | ./time
kick- two
board times
fins /week
about
2000
m./time
every
time
with
train-
ing

7 17 right back- | middle 8 7000 every elastic | hand pan no pain -

stroke m./day | time band paddie | rigth
6 days | before | 10 since shoul-
week train- mins 13 der
ing four year after
about times/ old train-
15 week, 500 ing
mins fins m./
800 time

m./time | two
twicea | times/
week week
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Table F.29 Swimming experiences of male athletes in pain free group (cont.)

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
8 16 right free- short 9 5000- | every dum- hand no no pain -
style 6000 time bell 4 paddie | pain

m./day | before | kilos since
6 days/ | train- about 11

week ing 20 year
about mins old
20 four 3000m
mins times/ Jtime
week, three
kick- times/
board week
about
1000
m./time
four
times/
week

9 19 right free- short 10 | 6000 every | dumbel | hand pain no pain -

style m./day | time 1 6 paddie | both
3days | before | kilos since shoul-
week train- about 10 der
ing 15 year during
about mins old train-
15 oncea | 500m. | ing

mins week, /time
glastic | oncea

band week,
about kick-
15 board

mins about
twicea | 1000m
week Jtime
every
time
with
train-
ing

10 15 right free- | middle 8 5000- | every | dum- hand pain no pain -

style 6000 time bell 6 paddle | both

m./day | before | kgs since shoul-
6 days/ | train- about 12 der
week ing 20 year during

about mins old train-

20 three 1000m | ing

mins times/ Jtime

week two
times/

week
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week

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
1 18 right free- short 10 | 5000 every elastic | hand pan pain both -
style m./day | time band paddle | both shoul der
6 days | before | about since shoul- | Rt. VAS
week train- 30 10 der 2/10
ing mins year after Lt. VAS
about twicea | old train- 1/10
10 week 1000m | ing
mins Jtime
four
times/
week
2 19 left free- short 8 5000 every hand dum- pan pain both -
style m./day | time paddle | bell 5 | both shoul der
6 days/ | before | since kgs shoul- | Rt. VAS
week tran- 12 year | and der 1/10
ing old elastic | after Lt. VAS
about 2000m. | band train- 1/10
10 ltime about | ing
mins twicea | 5mins
week four
times/
week
3 15 right | butter- | short 7 6000 every | elastic | hand pain pain both -
fly m./day | time band paddle | both shoulder
6 days | before | about since shou- Rt. VAS
week train- 15 12 Ider 1/10
ing mins year after Lt. VAS
about four old tran- | 4/10
10 times/ 1500m | ing
mins week Jtime
three
times/
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week

Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru- Pain Pain Others
ject | (yrs) domi skilled tance exp. ing stretch- ment ment exp. presen- activi-
No. nant skilled | (yrs) | amount ing using used tation ty
4 17 | right free- short 7 6000- | two kick- weigth | pain pain both -
style 7500 times/ | board 50 kgs | both shoul der
m./day | week 500 about | shoul- | Rt. VAS
6 days/ | about m./time | 10 der 4/10
week 20 three mins during | Lt. VAS
mins times four train- 4/10
/week | times/ | ing
week,
hand
paddie
since
11
year
old
5000m
Jtime
two
times/
week
5 15 | right free- short 6 7000- | two elastic - pain pain both -
style 8000 times/ | band both shoul der
m./day | week about shoul- | Rt. VAS
6 days/ | about 10 der 2/10
week 15 mins during | Lt. VAS
mins three train- 2/10
times/ ing
week,
hand
paddle
since
13 year
old
2000m.
/time
three
times
/week
6 16 right back- | middle 8 6000 every | elastic - pain pain both -
stroke m./day | time band both shoul der
6 days | before | 20 shoul- | Rt. VAS
week train- mins der 3/10
ing twicea during | Lt. VAS
about week, train- 2/10
5mins | hand ing
paddie
since
13 year
old
5000m.
/time
once a
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Table F.30 Swimming experiences of male athletes in symptomatic group (cont.)

Sub
ject
No.

Age
(yrs)

Hand
domi
nant

Stroke
skilled

Dis-
tance
skilled

Swim
exp.
(yrs.)

Train-
ing
amount

Muscle
stretch-
ing

Instru-
ment
using

Instru-
ment
used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

16

left

free-
style

short

6000
m./day
6 days/
week

every
time
before
tran-
ing
about
10
mins

elastic
band
20
mins
three
times/
week,
hand
paddie
since
13 year
old
2000m.
/time
three
times/
week,
fins
and
kick-
board
1000
m./time
twicea
week

pain
both
shoul-
der
after
train-
ing

pain both
shoul der

Rt. VAS

3/10

Lt. VAS

3/10

16

right

back-
stroke

short

11

10000
m./day
6 days/
week

every
time
before
train-
ing

10
mins

dum-
bell 5
kgs

30
mins
three
times/
week,
hand
paddie
since 7
year
old
4000m.
/time
four
times/
week

fins
1000m
Jtime
four
times/
week

pain
both
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

3/10

Lt. VAS

5/10
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Sub | Age Hand Stroke Dis- Swim | Train- | Muscle | Instru- | Instru-
ject | (yrs) domi skilled tance exp. ing stretch- ment ment
No. nant skilled | (yrs) | amount ing using used

Pain
exp.

Pain
presen-
tation

Others
activi-
ty

9 17 | right free- | middie 8 8000 every elastic -
style m./day | time band
6 days | before | 30

week train- mins
ing twicea
about week,
15 hand
mins paddie
since
13 year
old

1000m.
/time
three
times/
week

pain
both
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

4/10

Lt. VAS

4/10

10 15 | right butter- | middle 7 7000m | every | elastic g
fly A time band
day before | 20

6 days | tranin | mins
week g every
about time
15 before
mins train-
ing,
hand
paddie
since
12 year
old
3000m.
/time
every
time
with
train-
ing,
fins
pullboy
3000-
4000
m./time
every
time
with
train-
ing

pain
left
shoul-
der
during
train-
ing

pain both
shoul der

Rt. VAS

2/10

Lt. VAS

4/10
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Sub | Impin- Liga- Capsule flexibility Muscle length tests Shoulder stability
ject | gement ment
No. tests laxity
tests
LIR|LI|R L R L R L R

1 - | - | + | + | hyperabduct- | hyperabduct- no no ADT 2+ ADT 2+
ion 90° reach | ion 90° reach | tightness | tightness | PDT 1+ PDT 1+
behind back behind back sulcus 1+ sulcus 1+
at T, at T,

2 - | -] -1 - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 100°, jon 100°, tightness | tightness | PDT 0 PDT O
reach behind reach behind sulcus 1+ sulcus 1+
back at Ts back a Ts

3 - | - | - | - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 100°, jon 100°, tightness | tightness | PDT 0 PDT O
reach behind reach behind sulcus 0O sulcus O
back a T, back a T,

4 - | - | + | + | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 100°, ion 100°, tightness | tightness | PDT 1+ PDT 1+
reach behind reach behind sulcus 1+ sulcus 1+
back a T; back a T;

5 - + | + | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 90° reach | ion 110°, tightness | tightness | PDT 1+ PDT 1+
behind back reach behind sulcus 1+ sulcus 1+
aTs back a Ts

6 - | -] - | - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 100°, jon 100°, tightness | tightness | PDT 0 PDT O
reach behind reach behind sulcus 1+ sulcus 1+
back a Ts back at T,

7 - | -] -1 - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
jon 90° reach | ion 90° reach | tightness | tightness | PDT 0 PDT O
behind back behind back sulcus 1+ sulcus 1+
at T7 at TlO

8 - | -1 -1 - | hyperabduct- | hyperabduct- no no ADT O ADT O
ion 120°, ion 120°, tightness | tightness | PDT 0 PDT 0
reach behind reach behind sulcus 1+ sulcus 1+
back a Ts back a Ts

9 - | -1 -] - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 90° reach | ion 90° reach | tightness | tightness | PDT 1+ PDT 1+
behind back behind back sulcus 1+ sulcus 1+
at T, atTs

10 - | - | + | + | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 90° reach | ion 90° reach | tightness | tightness | PDT 0 PDT O
behind back behind back sulcus 1+ sulcus 1+
at Ty at Ty
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Sub | Impin- Liga- Capsule flexibility Muscle length tests Shoulder stability
ject | gement ment
No. tests laxity
tests
LIR|LI|R L R L R R
11 | - | - | - | - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 100°, ion 100°, tightness | tightness | PDT 0 PDT 0
reach behind | reach behind sulcus 0 sulcus 0
back a T, back at Ts
12 | - | - | + | + | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 90° reach | ion 90° reach | tightness | tightness | PDT 1+ PDT 1+
behind back behind back sulcus 1+ sulcus 1+
atTs at T
13 - | -] - | - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
jon 90° reach | ion 90° reach | tightness | tightness | PDT 0 PDT O
behind back behind back sulcus 1+ sulcus 1+
aTs aTs
14 - | - | - | - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 100°, ion 100°, tightness | tightness | PDT 1+ PDT 1+
reach behind | reach behind sulcus 1+ sulcus 1+
back a T; back a Ts
15 - | -] -1 - | hyperabduct- | hyperabduct- no no ADT 1+ ADT 1+
ion 100°, jon 100°, tightness | tightness | PDT 0 PDT O
reach behind | reach behind sulcus 1+ sulcus 1+
back a Ts back a Ts
TableF.32 Shoulder tests of female athletesin symptomatic group
Sub Impingement tests Liga- Capsule flexibility Muscle length Shoulder stability
ject ment tests
No. laxity
tests
L R L|R L R L R L R
1 Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 100°, ion 100°, tight- | tight- | PDT 1+ | PDT 1+
Empty Empty reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
can + | can + back at T back at T
2 Empty - - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
can + ion 110°, ion 110°, tight- | tight- | PDT 0 |PDT O
reach behind reach behind ness ness | sulcus 1+ | sulcus 1+
back at T back at T
3 Hawkin | Hawkin | - - | hyperabduct- | hyperabduct- no no ADT O ADT O
+ + ion 100°, ion 100°, tight- | tight- | PDT 0 |PDT O
reach behind reach behind ness ness | sulcus 1+ | sulcus 1+
back a Ts back a Ts
4 | Hawkin | Hawkin | - | - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 100°, ion 100°, tight- | tight- | PDT 1+ | PDT 1+
reach behind reach behind ness ness | sulcus 1+ | sulcus 1+
back at T, back at T
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TableF.32 Shoulder tests of female athletesin symptomatic group (cont.)

Sub Impingement tests Liga- Capsule flexibility Muscle length Shoulder stability
ject ment tests
No. laxity
tests
L R L|R L R L R L R
5 | Hawkin | Hawkin | - | - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 100°, ion 100°, tight- | tight- | PDT 0 |PDT O
reach behind reach behind ness ness | sulcus 0O sulcus 0O
6 Resist Resist - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
Ext.Rot. | Ext.Rot. ion 90° reach | ion90° reach | tight- | tight- | PDT 1+ | PDT 1+
amab. | armab. behind back behind back ness | ness sulcus 1+ | sulcus 1+
90° + |[90° + at, at,
Resist Resist
Ext.Rot. | Ext.Rot.
arm at arm at
side + | side +
7 Hawkin | Hawkin | - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + jon 90° reach | ion90° reach | tight- | tight- | PDT O | PDT O
Neer Neer behind back behind back ness ness | sulcus 1+ | sulcus 1+
+ + a T, a Ty
8 Hawkin | Hawkin | - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 100°, ion 100°, tight- | tight- | PDT 1+ | PDT 1+
reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
back a T; back a Ts
9 Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
+ + jon 100°, jon 100°, tight- | tight- | PDT 0 |PDT 0
Empty Empty reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
can + | can + back at T back a Tqy
10 | Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 100°, ion 100°, tight- | tight- | PDT 1+ | PDT 1+
Neer Neer reach behind reach behind ness ness | sulcus 1+ | sulcus 1+
+ + back a Ts back a Ts
Empty Empty
cah + |can +
Resist
Ext.Rot.
arm ab.
90’ +
Resist
Ext.Rot.
armat
side +
11 | Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 80°, reach | ion 80° reach | tight- | tight- | PDT 1+ | PDT 1+
Neer Neer behind back behind back ness ness | sulcus 1+ | sulcus 1+
+ + atTs atTs
Empty Empty
cah + |can +
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Sub Impingement tests Liga- Capsule flexibility Muscle length Shoulder stability
ject ment tests
No. laxity
tests
L R L|R L R L R L R
12 | Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
+ + ion 80° reach | ion80° reach | tight- | tight- | PDT O | PDT O
behind back behind back ness ness | sulcus 1+ | sulcus 1+
at Ty at Ty
13 | Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 2+
+ + ion 100°, jon 100°, tight- | tight- | PDT 1+ | PDT 1+
reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
back at Ts back a T,
14 | Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
+ + ion 160°, jon 160°, tight- | tight- | PDT 2+ | PDT 2+
Resist reach behind | reach behind ness ness | sulcus 2+ | sulcus 2+
Ext.Rot. back a T, back a T,
arm ab.
0’ +
15 | Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
+ + jon 140°, jon 140°, tight- | tight- | PDT 0 | PDT O
reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
back at Ty back at Ty

Table F.33 Shoulder tests of male athletes in pain-free group

Sub Impingement tests Liga- Capsule flexibility Muscle length Shoulder stability
ject ment tests
No. laxity
tests
L R L|R L R L R L R

1 - - - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
ion 140°, ion 140°, tight- | tight- | PDT 0 | PDT O
reach behind reach behind ness ness | sulcus 2+ | sulcus 2+
back at T, back at T,

2 - - + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
ion 90°, reach | ion90° reach | tight- | tight- | PDT 1+ | PDT 1+
behind back behind back ness ness | sulcus 2+ | sulcus 2+
atTs at T,

3 - - - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
ion 90° reach | ion90° reach | tight- | tight- | PDT 0 | PDT O
behind back behind back ness ness | sulcus 1+ | sulcus 1+
atTs atTs

4 - - - - | hyperabduct- | hyperabduct- no no ADT O ADT O
ion 90° reach | ion90° reach | tight- | tight- | PDT O | PDT O
behind back behind back ness ness | sulcus O |sulcus O
at T, at T,
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Sub Impingement tests Liga- Capsule flexibility Muscle length Shoulder stability
ject ment tests
No. laxity
tests
L R L|R L R L R L R

5 - - - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
jon 100°, jon 100°, tight- | tight- | PDT 0 | PDT O
reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+

6 - - - - | hyperabduct- | hyperabduct- no no ADT O ADT O
jon 90° reach | ion90° reach | tight- | tight- | PDT 0 | PDT 0
behind back behind back ness ness | sulcus O | sulcus O
at T, at T,

7 - - + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
jon 90° reach | ion90° reach | tight- | tight- | PDT O | PDT O
behind back behind back ness ness | sulcus 1+ | sulcus 1+
a T, at T,

8 - - + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
jon 95° reach | ion95° reach | tight- | tight- | PDT O | PDT O
behind back behind back ness ness | sulcus 1+ | sulcus 1+
aT, atTs

9 - - + | + | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
jon 100°, jon 100°, tight- | tight- | PDT 0 |PDT O
reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
back at Ty back at Ty

10 | Resist Resist - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
Ext.Rot. | Ext.Rot. ion 100°, ion 100°, tight- | tight- | PDT 1+ | PDT 1+
armab. | armab. reach behind reach behind ness ness | sulcus 1+ | sulcus 1+
90° + | 90° + back a T back at Ts
Resist Resist
Ext.Rot. | Ext.Rot.
armat armat
side + | side +

Table F.34 Shoulder tests of male athletesin symptomatic group
Sub Impingement tests Liga- Capsule flexibility Muscle length Shoulder stability
ject ment tests
No. laxity
tests
L R L|R L R L R L R

1 Hawkin | Hawkin | - | - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 125°, ion 120°, tight- | tight- | PDT 1+ | PDT 1+
Empty Empty reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
can + | can + back at T back at T

2 Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
+ + ion 125°, ion 125°, tight- | tight- | PDT 2+ | PDT 2+

reach behind reach behind ness ness | sulcus 2+ | sulcus 2+
back a Ts back a Tj
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Table F.34 Shoulder tests of male athletesin symptomatic group (cont.)
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Sub Impingement tests Liga- Capsule flexibility Muscle length Shoulder stability
ject ment tests
No. laxity
tests
L R L|R L R L R L R
3 Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 90° reach | ion90° reach | tight- | tight- | PDT O | PDT O
behind back behind back ness ness | sulcus 1+ | sulcus 1+
atTs atTs
4 | Hawkin | Hawkin | - | - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 90°, reach | ion 90° reach | tight- | tight- | PDT 1+ | PDT 1+
behind back behind back ness ness | sulcus 1+ | sulcus 1+
aTs aTs
5 Hawkin | Hawkin | - - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 110°, jon 110°, tight- | tight- | PDT 0 | PDT O
Empty Empty reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
can + | can + back at T1o back at Tio
6 Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
+ + jon 100°, jon 100°, tight- | tight- | PDT 0 | PDT O
reach behind | reach behind ness ness | sulcus 1+ | sulcus 1+
back a T, back a Tg
7 Hawkin | Hawkin | - | - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 80° reach | ion80° reach | tight- | tight- | PDT O | PDT O
Resist behind back behind back ness ness | sulcus 1+ | sulcus 1+
Ext.Rot. at T5 at T10
arm ab.
90’ +
8 Hawkin | Hawkin | - | - | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
+ + ion 100°, ion 100°, tight- | tight- | PDT 1+ | PDT 1+
Neer Neer reach behind reach behind ness ness | sulcus 1+ | sulcus 1+
+ + back a T, back a T,
Empty Empty
cah + |can +
9 Hawkin | Hawkin | + | + | hyperabduct- | hyperabduct- no no ADT 2+ | ADT 2+
+ + ion 100°, ion 100°, tight- | tight- | PDT 1+ | PDT 1+
reach behind reach behind ness ness | sulcus 2+ | sulcus 2+
back at T back at T
10 | Hawkin | Hawkin | - | - | hyperabduct- | hyperabduct- no no ADT 1+ | ADT 1+
+ + ion 80° reach | ion80° reach | tight- | tight- | PDT O | PDT O
Empty Empty behind back behind back ness ness | sulcus 1+ | sulcus 1+
can + | can + at Ty at Ty
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