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Abstract

Prevalence of shoulder pain from an epidemiologic literature review was
about 18 to 26 percent. Recently, subacromial impingement, the most common source
of shoulder pain, is caused by multifactor. One of these factors is impaired scapular
motion that will cause stress and strain to glenohumeral surrounding tissues. Evidence
of association of abnormal scapular motion and subacromial impingement has limited
by an appropriate study methodology. Thus, this study aimed to clarify the
relationship between abnormal scapular motion and subacromial impingement and to
determine scapular motions during abductions in scaption. Explicitly, Potential
confounding factors were assessed in sequence.

Case—control study design was conducted. All participants were eligible
worker from three hospital settings: Chonburi hospital, Health Science Center of
Burapha University, and the last one was Ao-Udom Hospital. Cases were 99
subacromial impingement (SI) patients with at least two positive signs of Hawkins
test, Neer’s test and painful arc screening. Controls were 198 non-subacromial
impingement (NSI) subjects. Ages (mean + sd) of cases was 50.1 + 8.3 years and
controls was 48.8 + 7.8 years. The body mass index (BMI) of all participants was not
exceeding 30 (kg/m?). Scapular positions and muscle forces were measured by two
modified gravity inclinometers, a vernier caliper and a hand held dynamometer.
Active abductions were sequentially conducted from resting to 60, 90 and 120
degrees. ICCs (3,1) of test-retest reliability for all scapular positions and muscular
forces were between 0.753 (95% CI 0.701 - 0.796) t0 0.904 (95% CI 0.882 - 0.922).
SEMs of retraction and inferior gliding were between 0.3 to 0.5 cm., of scapular
rotations ranged from 1.1 to 2.1 degrees and muscular forces were 0.5 to 0.8 kg. Five
variables of scapular motion: retraction-protraction, superior-inferior gliding, and
upward rotations; were categorized as normal or abnormal motion. Cutoff points were
established on basis of NSI data that all values beyond 1 standard deviation from the
mean were defined as an abnormal motion. Associations between exposures,
coexisting factors and outcome were assessed by univariate and multivariate analysis.

The average (mean + sd) retraction—protraction for cases and controls was

0.8 £ 0.7 cm. and was 0.7 £ 0.9 cm. respectively, and showed no statistical
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significantly difference between groups ( t-test p 0.522). In contrast, that of superior-
inferior gliding for cases was -0.8 £ 1.1 cm. and for controls was -1.1 + 0.9 cm. and
was statistical significantly difference (t—test p 0.004). Average upward rotation
(mean + sd ) from resting to 60 degrees abduction of cases was 8.4 + 4.8 degrees and
of controls was 7.7 + 3.1 degrees; from 60 to 90 degrees of cases was 8.8 £ 4.0
degrees and of controls was 7.8 £ 3.0 degrees. At abduction from 90 to 120 degrees,
that of cases was 13.7 + 4.5 degrees; in which that of controls was 14.3 + 3.9 degrees.
There were no substantial statistically differences between groups of these upward
rotations except at the range from 60 to 90 degrees abduction (t —test p 0.031). The
results present that scapular rotation increases concurrently during abduction. From
resting to 90 degrees abduction, scapula had function as a more stable base or had less
contribution of upward rotation than during 90 to 120 degrees abduction.

For cases and controls, elevator force (mean * sd) were 9.2 + 2.3 kg. and
10.2 £ 2.7 kg., respectively. Retractor force (mean + sd) were 5.3 + 1.5 kg. and 5.3 =
1.4 kg., respectively. The average (mean + sd) protractor force of cases were 8.9 £ 2.0
kg. and controls were 9.2 + 2.0 kg. Only average elevator force had statistically
significant difference between groups (t test p 0.001). Exploring for main exposures,
cases have more likely to expose to three abnormal scapular motions than controls.
These abnormal scapular motions were superior—inferior gliding (OR 2.23, 95% CI
1.28 — 3.90), upward rotation from resting to 60 degrees (OR 2.17, 95% CI 1.24 -
3.80) and from 60 to 90 degrees (OR 2.33, 95% CI 1.35 - 4.04). Confounding factors
were elevator force (OR 0.78, 95% CI 0.69 - 0.88) and overweight (OR 2.2, 95% ClI
1.27 - 3.87), while lack of trapezius flexibility (OR 2.64, 95% CI 1.39 - 5.01) and
muscle pain at scapular area (OR 4.16, 95% CI 2.45 - 7.05) were associated factors of
subacromial impingement.

This study gives an overview of main exposures and associated factors
with subacromial impingement, especially, the condition of abnormal scapular
motion. As a result, controlling and training normal scapular motion are in essence
recommended for subacromial impingement. Rehabilitation and prevention program
should explicitly advocate all scapular motion components and all coexisting factors
are suggested to be managing properly. Clinical relevance is limited for circumstances



of scapular muscle imbalance or postural effect. Generalization for other populations
and for inter-tester study should be considered and should be clarified additionally.
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Chapter 1

Introduction

1.1 Subacromial Impingement

Prevalence of shoulder pain reported in 2003 was about 18 to 26 percent
(Walker-Bone, Palmer, Reading & Cooper, 2003, pp. 185-203). Ninety percent of
pathological sites were shoulder periarticular tissues (Dinnes, Loveman, Mclntyre &
Waugh, 2003, pp. iii, 1-166). In particular, workers with shoulder repetitive motions
were generally exposed to shoulder pain (van der Windt, Thomas, Pope, de Winter,
Macfarlane et al., 2000, pp. 433-42; Leclerc, Chastang, Niedhammer, Landre &
Roquelaure, 2004, pp. 39-44). Adversely, these could be developed to subacromial
impingement (Cohen & Williams, 1998, pp. 95-101; Frost & Andersen, 1999, pp.
494-8). This is consistence with studies (Michener, McClure & Karduna, 2003, pp.
369-79) that stated “subacromial impingement syndrome of the shoulder is the most
common disorder of the shoulder, accounting for 44 % to 65% of all complaints of

shoulder pain during a physician’s office visit (van der Windt et al., 1995, 1996;

Vecchio et al., 1995).” In addition, recurrent or chronic shoulder pain primarily from
subacromial impingement resulted in partial tear or rupture of rotator cuff (Michener
et al., 2003, pp. 369-79).

The mechanism of shoulder impingement induced by structural factors
such as acromial and acromioclavicular spurs, or by abnormal acromial shape and
slope is a possible explanation (Neer, 1972, pp. 41-50; Prato, Peloso, Franconeri,
Tegaldo, Ravera et al., 1998, pp. 1639-46; Chambler, Pitsillides & Emery, 2003, pp.
314-21). Other functional factors, which include loss of the humeral head depression
mechanism (Graichen, Bonel, Stammberger, Haubner, Rohrer et al., 1999, pp. 1081-
6), tightness of the posterior shoulder capsule (Harryman, Sidles, Clark, McQuade,
Gibb et al., 1990, pp. 1334-43; Tyler, Nicholas, Roy & Gleim, 2000, pp. 668-73), and
functional scapular abnormalities (Kibler, 1998, pp. S40-50; Kibler, 1998, pp. 325-37,
McQuade, Dawson & Smidt, 1998, pp. 74-80; Warner & Navarro, 1998, pp. 139-48;



Lukasiewicz, McClure, Michener, Pratt & Sennett, 1999, pp. 574-83; discussion 84-6)
have also been shown to be associated with shoulder impingement.

Recent studies suggested that subacromial impingement syndrome is
caused by multifactor (Fu, Harner & Klein, 1991, pp. 162-73; Michener, McClure &
Karduna, 2003, pp. 369-79). As shoulder motion is composed of movements from
shoulder joint complex, thus, any abnormal motion from its linkage especially from
scapular could potentially evolve impingement (Fu et al., 1991, pp. 162-73; Lewis,
Green & Dekel, 2001, pp. 458-69; Kibler & McMullen, 2003, pp. 142-51; Kibler,
2006, pp. 35-43). Hence, research methodology including multifactorial design will

give more details in analyzing the mechanism of subacromial impingment condition.

1.2 Scapular Motion

Normal motor patterns create normal biomechanics of motion with
minimal stress to the joint (Kibler, 1998, pp. 325-37). Recently, alteration of shoulder
joint complex has been notified in subacromial impingement patients. In a
circumstance of impaired scapular motion, stress and strain will injure glenohumeral
surrounding tissues. Moreover, role of scapula in glenohumeral joint motion has been
revealed comprehensively (Ludewig, Cook & Nawoczenski, 1996, pp. 57-65; Kibler,
1998, pp. 325-37; Meskers, van der Helm, Rozendaal & Rozing, 1998, pp. 93-6;
Barnett, Duncan & Johnson, 1999, pp. 287-90; Lukasiewicz, McClure, Michener,
Pratt & Sennett, 1999, pp. 574-83; discussion 84-6; Karduna, McClure & Michener,
2000, pp. 1063-8; Hebert, Moffet, McFadyen & Dionne, 2002, pp. 60-9; Finley &
Lee, 2003, pp. 563-8; Tsai, McClure & Karduna, 2003, pp. 1000-5; Endo, Yukata &
Yasui, 2004, pp. 1009-13; McClure, Bialker, Neff, Williams & Karduna, 2004, pp.
832-48; Ebaugh, McClure & Karduna, 2006, pp. 557-71; Fayad, Hoffmann,
Hanneton, Yazbeck, Lefevre-colau et al., 2006, pp. 932-41; McClure, Michener &
Karduna, 2006, pp. 1075-90; Smith, Dahm, Kaufman, Boon, Laskowski et al., 2006,
pp. 923-27). Most of these studies analyzed the association of each factor on the basis
of mean comparison that may exclude the effects of minimal and maximal abnormal
movement that could occurred. In general, average data could be used to determine a

reference value for any interesting variable in a design population. However, average



value could not represent a situation of excessive scapular motion. Multifactorial
design would provide clearer relation of each factor that contributes to the excessive

scapular motion.

1.3 Objectives and Scope of the Study

1.3.1 Objectives:

Two objectives of this study are; first, to clarify the relationship between
abnormal scapular motions and subacromial impingement in particular, the associated
factors and potential risk factors; second, to determine scapular motions during

abductions in scaption or scapular plane.

1.3.2 Scope of the Study
This study was scoped as the following:

1. Cases were specified on subacromial impingement, except these

three subsequent conditions:

e Instability shoulder

e Internal impingement

e Frozen shoulder

The reasons are that instability shoulder has an unpredictable association

between scapular and humerus. Occurrence of internal impingement is closely related
to glenohumeral joint pathology. As for Frozen shoulder, its pathology causes an
explicit change on glenohumeral capsule.

2. Scapular plane or scaption was defined for shoulder abduction in this
study. The plane was at 45 degrees anterior to coronal plane. It is the plane that
enhances shoulder muscles and articular tissue to work efficiently.

3. This study was conducted in a hospital setting.

4.  Scapular motions were quantified in two dimensions and only related
variables were selected. Therefore, posterior tilt (inferior angle of scapula moves
toward thoracic cage) could not be assessed with this study procedure.

5. The assessment process for scapular motions in this study was
depended on the palpable bony landmarks. It is not a practical method for obesity



person; thus each participant’s Body Mass Index (BMI) must not exceed 30 kilograms
per square meter (kg/m2) (Aekplakorn, Chaiyapong, Neal, Chariyalertsak,
Kunanusont et al., 2004, pp. 685-93; CDC, 2007; WHO, 2008).

1.4 Significant of the Study

Significant of this study is the practical advantage for subacromial
impingement patients. First, a reliable assessment of scapular motions (gliding and
rotation) modified by this study could be available in clinical setting. Second, the
knowledge will be a key implication for treatment and rehabilitation protocol in a
situation that subacromial impingement patients have exposed to abnormal scapular
motions. By controlling normal scapular mechanism, a valuable prevention issue of
subacromial impingement will be more successful. Avoidance of associated risks
could reduce chance to develop recurrent or chronic rotator cuff injury. Complication
such as functional impairment or stiffness could be additionally circumvented.
Finally, knowledge gain from this study will be efficiently for further personal and

national health care plan for subacromial impingement condition.

1.5 Definition

1.5.1. Subject Definition
e Working Population
This study was specific on working population aged between 20 to
65 years. The working circumstances were all kinds of works for wages or for other
kinds of payments, for example; business enterprises or farms operated by household
members (adapted from persons not in the labour force employed persons and
employed persons (Thelen, Dauber & Stoneman, 2008, pp. 389-95)).
e Subacromial Impingement (SI)
Impingement syndrome (Fu et al., 1991, pp. 162-73) or
subacromial impingement syndrome (Lewis et al., 2001, pp. 458-69) or subacromial
impingement were defined for cases. The pathology was localized at glenohumeral

joint that most commonly was rotator cuff tendinitis. Pain at anterior or antero-lateral



of the joint was the typical sign and was aggravated by overhead function. Physical
examination presented at least two positive signs from Hawekins test , Neer’s test and
painful arc test.
e Non Subacromial Impingement (NSI)
Non subacromial impingement for this study was defined as a
participant who had no impingement sign after performing the same three

impingement tests as in Sl cases.

1.5.2. Clinical Manifestation of Subacromial Impingement
Typically, clinical manifestation of subacromial impingement is the

pain at anterior or anterolateral aspect of glenohumeral joint (figure 1.1). Pain is
provoked especially by arm function from shoulder level through overhead level. This
painful sign is also the same pattern as the sign aroused by impingement tests or
functional related impingement tests (L'Insalata, Warren, Cohen, Altchek & Peterson,
1997, pp. 738-48; Cloke, Lynn, Watson, Steen, Purdy et al., 2005, pp. 380-4).
Hawekins test, Neer’s test and painful arc were three standard physical examinations
for this study (Calis, Akgun, Birtane, Karacan, Calis et al., 2000, pp. 44-7,;
MacDonald, Clark & Sutherland, 2000, pp. 299-301).

Figure 1.1
Pain area from irritation of subacromial space
(Gerber, Galantay & Hersche, 1998)
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1.5.3. Subacromial Space
Subacromial space is an area under acromion and is a common site of
pathological tissues, for example; bursa, rotator cuff and biceps brachii tendon (figure
1.2).

Figure 1.2
Subacromial space in neutral position:
Left: posterior view / Middle: anterior view (Pappas, Blemker, Beaulieu, McAdams,
Whalen et al., 2006, pp. 40-9) / Right: rotator cuff from posterior view

(http://shoulderpaininfo.com/shoulderImpingement.html)

Rotator Cuff Muscles of the Left
Shoulder {Posterior View)

Supraspinatus Musele

Tendons

1.5.4 Shoulder Abduction

Shoulder abduction was performed actively by participants. From arm

by side to 120 degrees, abductions were carried out in scapular plane or scaption. The

plane was in 45 degrees anterior to the coronal plane.



1.5.5 Scapular Motion
Scapular motions for this study procedure were specified to one

rotation and two glidings (figure 1.3). The rotation was in upward-downward
direction around saggital axis. Referential line for rotation was a palpable line from
the root of scapular spine to acromial angle. During arm abduction, rotations were
measured at start and further at three angles, 60, 90 and 120 degrees respectively.
From the start to 120 degrees of abduction, displacement of root of scapular spine in
both horizontal and vertical lines were measured and recorded. The translation from
the horizontal line (al and a2) was specified as retraction (positive value)-protraction
(negative value). Vertical distance was classified as inferior (negative value)-superior

(positive value) gliding or elevation-depression.

Figure 1.3
Description of scapular motions
Rotation of scapula: a difference between changing angles of abduction
Retraction—Protraction, Inferior-Superior Gliding:
A displacement between ending and starting position
(adapted from http://en.wikipedia.org/wiki/Shoulder blade)
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Chapter 2

Review of Literature

2.1 Scapula

2.1.1 Role of Scapula
Three foremost roles of scapula have been clarified. First, scapula acts
as dynamic stabilizer. It is a stable platform to enhance and coordinate with
glenohumeral joint motion. Second, it is a base for scapular stabilizers and rotator cuff
to attach. And lastly, it is functioning as a regulator and transferor forces that
generated in the proximal through distal segment or from the shoulder to the hand
(Voight & Thomson, 2000, pp. 364-72).

2.1.2 Definition of Scapular Motion
Scapular motions occurred around the three axes of Euler angle and
on two planes (figure2.1) as follows:
- External-internal rotation around the vertical axis (figure 2.1 a) or
medial border of scapula moves close to—far form the thorax
- Upward—-downward rotation around the saggital axis (figure 2.1 b)
or glenoid fossa faces upward—-downward
- Antero—posterior tilt around the transverse axis (figure 2.1 c¢) or
acromial tips up—down
- Superior—inferior glide on coronal plane or elevation—depression
(figure 2.2 left), thus, scapula moves vertically near or away from
the cervical spine.
- Protraction—retraction on the transverse plane (figure 2.2 right) in

that scapula translates laterally or medially on thoracic cage.



Figure 2.1
Three axes of scapular rotation (right)
a. Vertical axial external — internal rotation

b. Saggital axial upward — down ward rotation

c. Antero — posterior tilt around transverse axis
(Dayanidhi, Orlin, Kozin, Duff & Karduna, 2005)

Figure 2.2
Elevation/depression (left) , protraction — retraction (right)
(Laudner, Stanek & Meister, 2006)

ELEVATION/DEPRESSION PROTRACTION/RETRACTION
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2.1.3 Specific Patterns of Scapular Motion

By the roles of scapula, its motions are not only synchronized but also
are specified for each glenohumeral motion (Ludewig, Cook & Nawoczenski, 1996,
pp. 57-65; Meskers, van der Helm, Rozendaal & Rozing, 1998, pp. 93-6; Barnett,
Duncan & Johnson, 1999, pp. 287-90; Lukasiewicz et al., 1999, pp. 574-83;
discussion 84-6; Karduna, McClure & Michener, 2000, pp. 1063-8; Hebert, Moffet,
McFadyen & Dionne, 2002, pp. 60-9; Finley & Lee, 2003, pp. 563-8; Tsai, McClure
& Karduna, 2003, pp. 1000-5; Endo, Yukata & Yasui, 2004, pp. 1009-13; McClure,
Bialker, Neff, Williams & Karduna, 2004, pp. 832-48; Ebaugh, McClure & Karduna,
2006, pp. 557-71; Fayad, Hoffmann, Hanneton, Yazbeck, Lefevre-colau et al., 2006,
pp. 932-41; McClure, Michener & Karduna, 2006, pp. 1075-90). For example; when
shoulder abduction is performed, glenoid fossa rotates upward and acromion tips
posteriorly. These motions are also accompanied with vertical axial external rotation
and protraction. Among these concurred motions, upward rotation is the predominant
one (Lukasiewicz et al., 1999, pp. 574-83; discussion 84-6; Hebert et al., 2002, pp.
60-9; Mell, LaScalza, Guffey, Ray, Maciejewski et al., 2005, pp. S58-S64). In case of
flexion, the components of scapular motion also coordinate through glenohumeral
movement. However, amplitude of posterior tilt of acromion is more noticeable than
others (Lukasiewicz et al., 1999, pp. 574-83; discussion 84-6).

2.2 Subacromial Impingement

Impingement syndrome (Fu et al., 1991, pp. 162-73) is defined as
pathology at glenohumeral joint that most commonly is rotator cuff tendinitis. Pain at
the anterior or antero-lateral of the joint is a typical sign and usually aggravated by
overhead function. Other term of subacromial impingement syndrome is also
determined by Lewis et al (Lewis et al., 2001, pp. 458-69). Mechanism of
impingement is abnormal repetitive compression on subacromial tissues which

includes bursa tendon of rotator cuff or biceps brachii muscle.
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2.2.1 Etiology of Subacromial Impingement

Structurally, two categories of causes were defined as rotator cuff (Fu
etal., 1991, pp. 162-73) and non rotator cuff. In addition, extrinsic factors or intrinsic
factors also were mentioned (Michener et al., 2003, pp. 369-79). However, altering of
subacromial space width was focused in all risk factor studies. Two explanations for
these alterations are proposed. First explanation is intrinsic impingement by
degenerative change from rotator cuff injury. Osteophytes, degeneration of acromion,
muscle weakness or imbalance of muscle function have consequently been developed
and led to kinematic alterations. Second explanation is extrinsic impingement. This
character is initiated by other structures except rotator cuff including abnormal
posture, alteration of scapular motion, glenohumeral posterior capsular tightness, and
acromial or coracoacromial arch pathology. Furthermore, abnormal mechanical stress
on subacromial space by glenohumeral instability or hypermobility and functional
scapular instability are additional clarified (Lewis et al., 2001, pp. 458-69) as causes
of subacromial impingement.

In summary, either intrinsic / extrinsic factor or abnormal mechanical

stress explication, subacromial impingement is the finally outcome.

2.2.2 Pathomechanics Associated with Abnormal Scapular Motion
In circumstance of abnormal scapula function (figure2.3) (Sevinsky,

2007, pp.), the static stabilizer muscles lining between scapula and humerus or
thoracic have to work excessively. Thus, overused fatigued muscle wear and tear will
be detrimental consequences. Injured or fatigued muscle could not work
appropriately. Thereby, direction of glenohumeral movement will be changed.
(Whiting & Zernicke, 1998, pp. 62-63). Under impairment of motion pattern, stress
and strain will injure glenohumeral surrounding tissues. These will lead to secondary
injury, particularly to the rotator cuff. This can be concurred that abnormal motion
especially from scapular could effect and evolve impingement (Fu et al., 1991, pp.
162-73; Lewis et al., 2001, pp. 458-69; Kibler & McMullen, 2003, pp. 142-51; Kibler,
2006, pp. 35-43)



Figure 2.3

Abnormal scapular motion and its effect on the glenohumeral pathology

(Sevinsky, 2007)
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2.3 Alteration of Shoulder Joint Complex in Subacromial Impingement

Recently, alteration of shoulder joint complex has been notified in

12

subacromial impingement patients. These changes were focused on three aspects and

were summarized as follows:

2.3.1 Subacromial Space

Comparison of the width of subacromial space between impingement

and healthy contralateral sides has been studied during active shoulder abduction. The

result showed a significant decrease in impingement side compared with healthy
constralateral side (-68%; p < .05 Graichen et al., 1999, pp. 1081-6).
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2.3.2 Function of Scapular Muscles

Muscle activities of three scapular rotators, upper and lower trapezius
and serratus anterior, were analyzed by electromyography (EMG) in two studies. In
competitive freestyle swimmers, the temporal recruitment patterns of all three
muscles were attended. The variability of timing of activation significantly increased
in the impingement side (p< 0.05) (Wadsworth & Bullock-Saxton, 1997, pp. 618-24).
Consistently with impingement overhead athletes, result of lower trapezius muscle
during isokinetic retraction showed significantly lower EMG activity on the injured
side as it was compared to the non-injured side (p<0.05) (Cools, Witvrouw, Declercq,
Vanderstraeten & Cambier, 2004, pp. 64-8). These studies confirmed that patients

with impingement symptoms show abnormal scapular rotators performance.

2.3.3 Scapular Motion

Posterior tilt in transverse axis of impingement shoulders was studied
and was compared with nonimpaired shoulders (Lukasiewicz et al., 1999, pp. 574-83;
discussion 84-6; Ludewig & Cook, 2000, pp. 276-91; Endo, Ikata, Katoh & Takeda,
2001, pp. 3-10; Hebert et al., 2002, pp. 60-9). All results were concurrent that
impingement sides or subjects had less posterior tilt. In addition, the upward rotation
in saggital axis (Ludewig & Cook, 2000, pp. 276-91; Endo et al., 2001, pp. 3-10) and
vertical axial external rotation (Su, Johnson, Gracely & Karduna, 2004, pp. 1117-23)
were also diminished. On the contrary, superior-inferior scapular position at maximal
arm elevation of impingement patients was higher than that of the non-impaired group
(Endo et al., 2001, pp. 3-10)

In summary, three alterations in subacromial impingement patients
previously reported are diminished the subacromial space width, reduced the
performance of scapular rotators, particularly reaction time and power, and lastly,
reduced two components of scapular motion including posterior tilt and axial external
rotation. In contrast, evidence of superior position was found only in subacromial

impingement as compared with noninjured shoulders.
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2.4 Abnormal Scapular Motion

2.4.1 Elevation or Superior Gliding

Elevation or superior gliding is a position that scapula is moved up
vertically (figure 2.2). Thus, root of scapular spine is displaced higher than starting
position. This is distinct from upward rotation that shoulder level will be lifted higher
or in a shrug like manner. It is a usual alternate movement to flee from painful range
or a compensation for any impaired joint function (Lukasiewicz et al., 1999, pp. 574-
83; discussion 84-6). In normal situation, elevation should synchronize with shoulder
movement, but it is not a predominant motion (Lukasiewicz et al., 1999, pp. 574-83;
discussion 84-6; Wang, McClure, Pratt & Nobilini, 1999, pp. 923-29; Myers,
Laudner, Pasquale, Bradley & Lephart, 2005, pp. 263-71; Laudner, Myers, Pasquale,
Bradley & Lephart, 2006, pp. 485-94).

2.4.2 Protraction — Retraction

Protraction — retraction (figure 2.2) is an accompanied motion with
glenohumeral joint through all shoulder functions (Lukasiewicz et al., 1999, pp. 574-
83; discussion 84-6; Wang et al., 1999, pp. 923-29; Myers et al., 2005, pp. 263-71;
Laudner et al., 2006, pp. 485-94). Protraction is more visible for abduction than
flexion. A clinical notification of this motion was that it could affect subacromial
space width (Kibler & McMullen, 2003, pp. 142-51). Comparing with protraction,
retraction will wider the space when abduction is performed (Solem-Bertoft, Thuomas
& Westerberg, 1993, pp. 99-103).

2.4.3 Upward - Downward Rotation
Scapular upward rotation is an essential component of shoulder
abduction (Ludewig & Cook, 2000, pp. 276-91; Kibler, Uhl, Maddux, Brooks, Zeller
et al., 2002, pp. 550-6; Kibler & McMullen, 2003, pp. 142-51; Kibler, 2006, pp. 35-
43). However, there is a variation in setting phase (0 to 30 degrees or 60 degrees).
Either upward or downward rotation could happen for this setting. As glenoid fossa is
faced up during scapular upward rotation, acromion is also lifted away from humeral

head thus producing the decompression effect (Kibler & McMullen, 2003, pp. 142-
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51). Inconsistent motion between scapula and glenohumeral could affect subacromial
space. Therefore, upward rotation has an advantage for impingement avoidance.
In summary, enhancing subacromial space, scapular rotate upwardly,

and posteriorly tilt accompany with retraction are necessary motions.

2.5 Associated Conditions or Factors Influenced Abnormal Scapular Motion

2.5.1 Muscle Length and Strength
As defined by Sahrmann (Sahrmann, 2002, pp. 194-261), there are

four groups of abnormal scapula motions which are scapular downward rotation
syndrome, scapular depression syndrome, scapular abduction syndrome, and scapular
winging and tilting syndrome. Muscle length, strength, joint stiffness or prolong
repetitive shoulder motion are associated factors of these conditions. Controversially,
scapular motion pattern could be reduced either by muscle fatigue (McQuade, Wei &
Smidt, 1995, pp. 144-48; McQuade et al., 1998, pp. 74-80; Wang et al., 1999, pp.
923-29) or by strengthening exercise (Wang et al., 1999, pp. 923-29).

252 Age
Posterior tilt or tip of acromion is reduced with increasing age.
Ageing factor also showed inverse relation with scapular upward rotation (Endo et al.,
2004, pp. 1009-13). Ratio of glenohumeral and scapulothoracic is significantly
difference in adult compared with children. The ratios reported were 2.4:1 and 1.3:1
respectively (Dayanidhi et al., 2005, pp. 600-06). Thus, scapula movement seems to

be greater in childhood than in adult.

2.6 Potential Confounding Factors

2.6.1 Gender
Several studies demonstrated the significant association between
gender and anatomical structures (Murray, Gore, Gardner & Mollinger, 1985, pp.
268-73; Backman, Johansson, Hager, Sjoblom & Henriksson, 1995, pp. 109-17;
Hurley, 1995, pp. 41-4), physiological functions and muscle strength (Shklar & Dvir,



16

1995, pp. 369-73; Dvir, 1997, pp. 36-41; Hughes, Johnson, O'Driscoll & An, 1999,
pp. 651-7; Hughes, Johnson, O'Driscoll & An, 1999, pp. 1324-6; Graichen, Bonel,
Stammberger, Englmeier, Reiser et al., 2001, pp. 129-35).

2.6.2 Age
Age is a risk factor for subacromial impingement (Kumagai, Sarkar &

Uhthoff, 1994, pp. 2096-100). This is consistent with degenerative change of rotator
cuff in studies that specify age factor (Yamaguchi, Tetro, Blam, Evanoff, Teefey et
al., 2001, pp. 199-203; Endo et al., 2004, pp. 1009-13; Nove-Josserand, Walch,
Adeleine & Courpron, 2005, pp. 508-14). Furthermore, pattern of scapular motion
(Endo et al., 2004, pp. 1009-13; Dayanidhi et al., 2005, pp. 600-06) in adult differed
from younger subject. On the contrary, size of scubacromial space was not correlated
with age (Azzoni, Cabitza & Parrini, 2004, pp. 683-87).

2.6.3 Prolong Repetitive Shoulder Motion
Prolong repetitive motion is a cause of rotator cuff injury and
subacromial impingement (Cohen & Williams, 1998, pp. 95-101). Muscle fatigue
from this situation showed an association with declination of scapular motion (Wang
etal., 1999, pp. 923-29).

2.6.4 Scapular Muscle Strength and Flexibility

In this study, scapular muscles were focused on elevator, retractor and
protractor. These muscles are functioned as scapular rotators that control and stabilize
motion between scapulothoracic through glenohumeral joint. This mechanism also
enhances rotator cuff function (Kamkar, Irrgang & Whitney, 1993, pp. 212-24). In
addition, strength of scapulothorasic muscles is associated with impingement
(McQuade et al., 1995, pp. 144-48; McQuade et al., 1998, pp. 74-80; Wang et al.,
1999, pp. 923-29). Any weakness of this muscle group will alter normal scapular
kinematics and rotator cuff function. Consequently, these lead to rotator cuff injury by

subacromial impingement.



17

2.7 Impact of Subacromial Impingement

Health status of impingement patients was significantly impacted as
reported by Short Form 36 (SF — 36) (Haahr, Ostergaard, Dalsgaard, Norup, Frost et
al., 2005, pp. 760-4). In the study of treatment effect after twelve months followed up,
shoulder function still permanently impaired. In addition, Constant-Murley score had
been reported about half of maximal (100) scores (Haahr et al., 2005, pp. 760-4;
O'Holleran, Kocher, Horan, Briggs & Hawkins, 2005, pp. 121-6; Ostor, Richards,
Prevost, Speed & Hazleman, 2005, pp. 800-5).

At present, treatment for subacromial impingemnt depends on causality
and severity. Operation and conservative treatment are two options for these patients
(Solem-Bertoft et al., 1993, pp. 99-103; Kibler, 1998, pp. 325-37; Kibler &
McMullen, 2003, pp. 142-51; Kibler, 2006, pp. 35-43; van der Hoeven & Kibler,
2006, pp. 435-40; discussion 40). Strengthening and functional training of scapular
muscles are also recommended in physical therapy and rehabilitation program (Haahr
et al., 2005, pp. 760-4). However, study of subacromial impingement prevention has
been limited. In brief, subacromial impingement causes a chronic impact for health
status. It is not only time and cost consuming but also causes a long lasting impaired
shoulder function.



3.1 Conceptual Framework

Exposures

Abnormal scapular motions

in following directions:

- scapular rotation
(upward-downward)

- protraction-retraction

- vertical gliding
(superior-inferior)

- scapulothoracic instability

Chapter 3

Methodology

Figure 3.1

Conceptual framework
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The conceptual framework (figure 3.1) of this study is persons exposed to abnormal
scapular motions may develop subacromial impingement. Commonly, scapular
motions compose of gliding and rotation components. Vertical translation is defined
as superior-inferior gliding. While protraction — retraction is a pattern that scapula
moves close to or away from the line of thoracic spine. Lastly, rotation is upwardly —
downwardly rotate around antero-posterior axis. Accordingly, abnormal motions for
these directions are the conditions that scapula moves under or over its accepting
range during arm abduction. Moreover, scapulothoracic instability with inconsistent
motion patterns is also one of exposures. Potential confounders of subacromial
impingement are age, gender, and repetitive overused injury. Inaddition, scapular
muscle pain or fatigue at work, lacking flexibility of upper trapezius and weakness of
three scapular muscle forces namely elevator, retractor and protractor, are also took

into consideration.

3.2 Hypothesis

The study hypothesis is: abnormal scapular motions are risk factors of

subacromial impingement in working populations.

3.3 Objectives of the Study

3.3.1 General Objective
The general objective of this study was to clarify the relationship
between abnormal scapular motions and subacromial impingement in workers. The
age range of workers was 20 to 65 years. Furthermore, scapular motions were

quantified during specific abductions in scaption or scapular plane.

3.3.2 Specific objectives
The specific objective s of this study were:
1. To quantify scapular motions in the working populations.

Participants were subacromial impingement and non subacromial impingement. The
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scapular motions were composed of three components: upward-downward rotation,
superior-inferior gliding and retraction-protraction.

2. To assess the association between exposures (abnormal scapular
motions) and outcome (subacromial impingement).

3. To assess effects of scapular rotator muscle properties (force and

flexibility) on subacromial impingement.

3.4 Study Design

Case—control study design was conducted. Two—group of participants were

defined as:
e (ases or subacromial impingement (SI)
e Controls or non subacromial impingement (NSI)
Age, gender and dominant arm were frequency matching factors between
groups.

3.5 Ethical Approval

The study was approved by the University Human Research Ethics
Committee of Thammasat University (MTU P-032/50) on 14 September 2007 and the
Research Ethics Committee of Chonburi Hospital (33/50) on 21 September 2007
(appendix B).

3.6 Subjects

Study subjects were working population aged between 20 to 65 years, who
accepted research procedures and agreed to sign consent forms (see Consent form in
appendix B). All participants were visitors or patients; accessed to three hospitals
setting in Chonburi province from september 2007 to August 2008. The settings were
Chonburi Hospital, Health Science Center of Burapha University, and Ao-Udom
Hospital. Additionally, each participant’s body mass index (BMI) was not exceed 30

kilograms per square meter (kg/m®)
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3.6.1 Characterization of Cases and Controls

Cases (subacromial impingement) were patients from three setting
hospitals and were screened by three impingement tests (figure 3.2 and see appendix
B: Physical assessment form; Hawkins test sensitivity 92.1% specificity 25.0%;
Neer’s test sensitivity 88.7% specificity 30.5% (Calis et al., 2000, pp. 44-7); Painful
arc sensitivity 32.5% specificity 80.5% (Park, Yokota, Gill, El Rassi & McFarland,
2005, pp. 1446-55)). At least two positive signs from Neer’s test, Hawkins’ test, or
painful arc were criteria for cases acceptance. Furthermore, each patient had first
onset of impingement pain in the past year or during the study time frame, from
September 2006 to August 2008. From the previous study (Yamaguchi et al., 2001,
pp- 199-203), twenty-three (51%) of the recently asymptomatic patients became
symptomatic over a mean of 2.8 years. This confirmed that impingement is
chronically progress and information recalled from a previous year is a reliable time
frame. In addition, cases could be patients who had received conventional medical
treatment, physical therapy at glenohumeral joint, or general shoulder exercises that
were not encourage strength or flexibility of scapular muscles (Walther, Werner,
Stahlschmidt, Woelfel & Gohlke, 2004, pp. 417-23; Haahr et al., 2005, pp. 760-4).
Eligible process for cases was presented in figure 3.3.

Controls (non subacromial impingement) were visitors from same
setting that cases have included. Systematic sampling method was applied for controls
selection (appendix E.) Each case was frequency matched with two controls. Age
group, gender, and dominant arm were comparable for each pair. Moreover, all
controls did not show any positive sign or pain from impingement screening tests (see
appendix B: Physical assessment form.) Eligible process for controls was presented in

figure 3.4
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Figure 3.2
View of subacromial space and impingement mechanism of impingement tests

from anterior view (middle) and posterior view (right);

Neer’s test (upper) and Hawkins test (lower)
(Pappas, Blemker, Beaulieu, McAdams, Whalen et al., 2006;
Valadie, Jobe, Pink, Ekman & Jobe, 2000)

3.6.2 Exclusion Criteria
Persons with the following conditions were not eligible for this study:

shoulder pain with limitation of internal or external ROM
hypermobility joints sign
(screening by Carter and Wilkinson test)
neck pain or cervical spondylosis
any history of fracture or joint dislocation at glenohumeral,
acromioclavicular or scapula
frozen shoulder
Sprengle’s deformity

scoliosis, or kyphosis



Figure 3.3

Cases eligible flow chart

Orthopedic Out Patient Unit

Patients:
Working population with subacromial impingement

aged between 20 to 65 years

A

Agreed and consented

Not agreed

Inclusion criteria:
- first onset of
subacromial impingement
- at least two positive results of
following three impingement screening
tests :
- Neer’s test
- Hawkins test

- Painful arc

A

Cases:

subacromial impingement

Exclusion criteria :

- shoulder pain with limitation of

internal or external ROM

- hypermobility joints sign

- neck pain or cervical

spondylosis

- any history of fracture or joint

dislocation at glenohumeral,

acromioclavicular or scapula

- frozen shoulder
- Sprengle’s deformity

- Scoliosis, or Kyphosis




Figure 3.4
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Controls eligible flow chart

Orthopedic Out Patient Unit

A 4

Systematic Sampling

\ 4

Working population:
aged between 20 to 65 years

Not agreed

A 4

Agreed and consented

\ 4

Inclusion criteria:
negative results of all impingement
screening tests :
- Neer’s test,
- Hawkins test, and

- Painful arc

A 4

A 4

Controls:

non subacromial impingement

A 4

Exclusion criteria :

- shoulder pain with
limitation of internal or
external ROM

- hypermobility joints sign

- neck pain or cervical
spondylosis

- any history of fracture or
joint dislocation at
glenohumeral,
acromioclavicular or
scapula

- frozen shoulder

- Sprengle’s deformity

- Scoliosis, or Kyphosis
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3.7 Sample Size Calculation

For this study, sample size calculation was based on data of 22 healthy
participants (without subacromial impingement) from the pilot study (appendix D).
Among these, eight participants had abnormal scapular motion or protraction (as
defined by this study criterion). Then, the proportion exposed in non subacromial
impingement subjects (P2) was 36 percent or 0.36. The sample size was calculated
with a following formula and oo was set at 0.05 and B was set at 0.2 (Lemesshow,
Hosmer Jr, Klar & Lwanga, 1990, pp. 19-20). The odds ratio was assumed to be 2.00.
As a result, at least 134 participants will be included equally for cases and controls. If
each case was paired with two controls and odds ratio is 2.5 to 2.0. Thus, 57 to 100

patients will be accepted for sample size of cases (see table 3.1).

HO:P1:P2 Ha:P17£P2

N= {Ziwn [N 2P(-P) 14Z 5 [V Pi(1-P)+Py(1-Py) 1}°

(P1-P2)°
o = 0.05 B = 02
Py = proportion exposed in subacromial impingement cases
= [P2*OR/(1-P2)] *(1-P1)
= 053
P2 = proportion exposed in non subacromial impingement subjects
= 0.36
OR = odds ratio = 2.0
P = (0.53+0.36)/2 = 0.44

N= {1.96 [V2*0.45(1-0.45) ]+0.842[\ 0.53(1-0.53)+ 0.36(1-0.36) 1}*

(0.53 — 0.36)"

= 133
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Table 3.1
Sample size calculation by proportion exposed of
abnormal scapular motion in non-subacromial impingement:

frequency matched one case with two controls

) Proportion exposed of
Non-subacromial p P

‘mbineement abnormal OR Sample size for
?n zgzz) scapular motion” cases
(P2)
2 100
Protraction 0.36
2.5 57
2 158
Superior gliding 0.14
2.5 85

* protraction, superior gliding (shoulder shrug) or downward rotation

® calculated with o =0.05, p=0.2

3.8 Frequency Matched

Intended for frequency matching, each case was paired with two controls.
Additionally, cases and controls were corresponded with age group, gender, dominant
arm and hospital setting. Four categories of age group were assigned with 10 tol5
years interval. For instance, age ranges were from 20 to 29 years, 30 to 39 years, 40 to
49 years, except the last interval was 50 to 65 years. Successful matched pairs were
presented in table 3.2.

In summary, sample size of 99 cases and 198 controls were included in

this study and were appropriate for the hypothesis testing.
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Table 3.2

Details of matching factors between cases and controls

Cases Controls
Matching
(Subacromial (Non subacromial
factors
Impingement) impingement)
n (%) n (%)
Age grouping 1 (20-29 yrs.) 3 (3.0) 6 (3.0)
2 (30-39 yrs.) 9 9.1) 18 9.1
3 (40-49 yrs.) 29 (29.3) 58 (29.3)
4 (50-65 yrs.)" 58 (58.6) 116 (58.6)
Dominant arm dominant 70 (70.7) 140 (70.7)
non dominant 29 (29.3) 58 (29.3)
Hospital setting Ao-Udom 9 9.1) 18 9.1)
Chonburi 90>  (90.1) 180 (90.1)
Gender female 64 (64.7) 128 (64.7)
male 35 (35.3) 70 (35.3)

* Age of 3 cases was more than 60 years.

® Two cases were from Health Science Center of Burapha University
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3.9 Instrumentation

This study’s instruments were concerned for practical usage. Thus, some
were adapted to suit the purposes. Instruments were calibrated with standard tools and
all were tested for accurately. Details of instruments were presented here:

Two gravity inclinometers ( Australasian Medical & Therapeutic

Instruments P/L Cnr Albony Forest & Jagora Dr Albany Creek and Baseline Gravity
Inclinometer Fabrication Enterprises INC. Irvington, New York U.S.A.). Each

inclinometer was attached with six inches ruler at its base (fig 3.4, 3.5). One of this
inclinometer was adapted for application along the humeral axis by adding Velcro
tape (figure 3.5). Base of the other inclinometer was aligned to the line from root of
scapular spine to acromial angle.

A vernier caliper was adhered with a water-air bubble level (figure
3.7). Thus, it could precisely measure horizontal distance.

Hand held dynamometer: MicroFET3 Digital Muscle Tester:
Lafayette Manual Muscle Tester (figure 3.8)

Adhesive tape

Five inches tape with standard scale in centimeter unit.

Recording forms (appendix B )
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Figure 3.5

Inclinometer with six inches ruler at its base and Velcro tape

(Baseline Gravity Inclinometer Fabrication Enterprises INC.

Irvington, New York 10533 U.S.A.)

Figure 3.6
Inclinometer with six inches ruler at its base

(Australasian Medical & Therapeutic Instruments P/L)
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Figure 3.7

Vernier caliper with a water-air level at its back

Figure 3.8
Hand held dynamometer

(MicroFET3 Digital Muscle Tester: Lafayette Manual Muscle Tester)
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3.10 Reliability Test

Preceding this study was conducted. Reliability of scapular position
measurement method was approved (appendix C) by test retest. Test-retest reliability
outcomes were acceptable (ICC ranged 0.59to 0.89), as a result the measurement

process were trustworthy. The process was described as follow:

3.10.1 Position Setting

After participants were informed and gave a consent. An experienced
physical therapy performed all data collection through the research. Scapular position
and muscle forces were assessed at orthopedic out patient unit or physical therapy unit
in three setting hospitals following the steps described below.

First, participant sat up right (Kebaetse, McClure & Pratt, 1999, pp.
945-50) on a stool.

Second, five inches adhesive tape was stick along thoracic spinous
process, from T2 to T6.

Third, gravity inclinometer was fastened parallel to the long axis of
humeral shaft. Reference line and technique were the same as application technique of
standard goniometer on shoulder joint.

Fourth, scaption had set by standard goniometer at 45 degrees anterior
to coronal plane. Then, participant carried out abduction of both shoulder in the
setting position. Abduction had been demonstrated twice or more to ensure

participants understand the process.

3.10.2 Scapular Position Measurement
After a position and instruments were set up, scapular position was
measured in further steps.
Fifth, participant sat with arm by side. Researcher placed the gravity
inclinometer base on a palpable line from acromial angle to root of scapular spine

(RSS). Rotation angle was recorded (figure 3.9).
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Figure 3.9
Measurement of scapular angular rotation at arm by side

Sixth, point of RSS was measured by adapted vernier caliper. In the
process of measurement, air bubble in a water-air level was centralized. This was
recoded as al or RSS at arm by side (figure 3.10). Additionally, cutting point on the
spine was marked on the tape as b1 or starting point for vertical displacement of

scapula.

Figure 3.10
RSS was measured by adapted vernier caliper (al data)

and cutting point on the spine was marked on the tape (b1 data)

Seventh, participant was instructed to abduct actively from arm by
side to over head. During the specific range (at 60, 90 and 120 degrees), he or she was
asked to stop and hold. For 10 to 30 seconds of arm holding, researcher measured an
angular rotation following the previous process (figure 3.11). Then, further abduction

was continued until all assign data were completed.
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Figure 3.11

Measurement of scapular angular rotation at 120 degrees abduction

Eighth, at 120 degrees abduction (figure 3.12), RSS was measured
again with adapted vernier caliper in the same procedure as described previously. At
this session, a2 or horizontal distance of RSS was recorded and b2 or vertical displace
of RSS was marked on the tape (along T2 to T7). Distance of from b1 to b2 was read
from scale on the tape and recorded. After this step, participant had a rest for one
minute or until pain was subsided.

Ninth, all steps were repeated for the second round.

Figure 3.12

RSS was marked at 120 degrees abduction
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3.11 Procedure

3.11.1 Informing Procedure and a Consent Form
Prior to inclusion, all participants had received verbal information
about study purposes and procedure. They also were instructed to read the inform

consent and sign up for permission (appendix B: Inform Consent).

3.11.2 Data Collection

The researcher collected data step by step as details in the manual
instruction (appendix B: manual of research data collection) and also described below.

Step 1: personal information

Participants filled the personal information sheet including
demographic data, occupational data, shoulder musculoskeletal pain status and
general health information (appendix B: personal information sheet). Researcher gave
advice if any query was expressed.

Step 2: physical assessment

Physical assessment was performed for eligible specific participants.
First, objective shoulder range of motion were actively and passively assessed.
Second, subjective information of function related with impingement and onset time
were examined and approved by researcher. Each shoulder functional test was also
simulated. Next, discerning subacromial impingement, screening of shoulder
impingement was assured by Hawkins test , Neer’s test and painful arch. Cases were
included if there were at least two positive signs and symptoms of these tests.
Furthermore, researcher completed exclusion criteria check list.

Step 3: scapular muscle evaluation

This step was started with flexibility evaluation (appendix B) of both
upper trapezius muscles (http://www.mypressureproducts.com/
trapezius_trigger points.htm & http://www.med.umich.edu/1libr/sma/
sma_stretch art.htm; Bassey, Morgan, Dallosso & Ebrahim, 1989, pp. 353-60). Any
complaint during neck lateral flexion such as pain, tightness or diminished range was

recorded. Next, three groups of scapular muscles were functionally evaluated by
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standard manual muscle testing positions (Magee, 1992, pp. 16-17; Magee, 1992, pp.
107; Hislop, Montgomery, Daniels & Worthingham, 1995) that were described in
details as follow: in sitting, both shoulders were raised vertically or elevation (figure
3.13 Lt.). Vertical arm pushing as participant lies face upward is protraction (figure
3.14 Lt.). In prone lying, retraction is scapular adduction while shoulder extends
horizontally (figure 3.15 Lt.). For each testing position, the achievement of six
repetitive movements through its normal range was accepted as normal function.
After each functional screenings, isometric contractions were performed in sequences.
Isometric contraction at middle range for each position was measured by hand held
dynamometer (figure 3.13-3.15 Rt.). Application of hand held dynamometer had been
conducted following to Michener LA. et al. techniques (Michener, Boardman, Pidcoe
& Frith, 2005, pp. 1128-38). Each muscle was measured twice with one minute

resting between sessions.

Figure 3.13

Elevation of both shoulders in sitting:

Lt. functional testing; Rt. Isomeric muscle testing
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Figure 3.14

Protraction is measured in vertical arm pushing in supine lying:

Lt. functional testing; Rt. Isomeric muscle testing

Figure 3.15
Scapular retraction in shoulder extends horizontally in prone lying:

Lt. functional testing; Rt. Isomeric muscle testing

Step 4: scapular position and motion

Finally, scapular positions (appendix B) were measured by procedure
adapted from Watson L. et al. (Watson, Balster, Finch & Dalziel, 2005, pp. 599-603).
Scapular motion data were angular displacement or distance during shoulder
abduction (figure 1.3). The motion in negative value was defined to downward
rotation, protraction or inferior gliding. While positive value was upward rotation,

retraction or superior gliding.



Step 5: scapular motion data recording process
For instance, motion of scapular during 60 to 90 degrees, 90 to
120 degrees abduction and other motions (figure 1.3) were delivered in

following processes:

1. Rotation” for each range of abduction:

from 60 to 90 degrees abduction = 190 —160
r120 —190

from 90 to 120 degrees abduction

2. Angle” of scapular rotation at 60 degrees abduction = r60
at 90 degrees abduction =190
at 120 degrees abduction = r120

* positive (+) value is upward rotation / negative (-) value is downward rotation

3. Protraction — Retractionb = altoa2

horizontal distance (from spine to root of scapular spine)
al = at arm by side

a2 = at 120 degrees abduction

o positive (+) value is retraction / negative (-) value is protraction

4. Superior — Inferior gliding” = bltob2

vertical distance (from spine to root of scapular spine)
bl = at arm by side
b2 = at 120 degrees abduction

¢ positive (+) value is superior gliding / negative (-) value is inferior gliding
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3.12  Study Factors

Main factors and confounding factors for this study were described as

follow:

3.12.1 Main Factors
All main factors were related to scapular motions (figure 3.1),
including three components. First was rotation in antero-posterior (saggital) axis
(Dayanidhi et al., 2005, pp. 600-06) or upward — downward rotation. The others were
gliding in two plane: superior — inferior gliding in coronal plane and retraction —

protraction in transverse plane (Laudner et al., 2006, pp. 485-94).

3.12.2 Potential Confounding Factors
Potential confounding factors in this study were

Age (Yamaguchi et al., 2001, pp. 199-203; Azzoni et al., 2004,
pp. 683-87; Endo et al., 2004, pp. 1009-13; Dayanidhi et al., 2005, pp. 600-06; Lin,
2005, pp. 199-210; Nove-Josserand et al., 2005, pp. 508-14)

Gender (Murray et al., 1985, pp. 268-73; Backman et al., 1995,
pp. 109-17; Hurley, 1995, pp. 41-4; Shklar & Dvir, 1995, pp. 369-73; Dvir, 1997, pp.
36-41; Hughes et al., 1999, pp. 651-7; Hughes et al., 1999, pp. 1324-6; Graichen et
al., 2001, pp. 129-35)

Occupational factors such as repetitive shoulder motion (Cohen &
Williams, 1998, pp. 95-101)

scapular muscle pain or fatigue (Wang et al., 1999, pp. 923-29)

scapular muscle forces and upper trapezius flexibility (Kamkar et
al., 1993, pp. 212-24; McQuade et al., 1995, pp. 144-48; McQuade et al., 1998, pp.
74-80; Wang et al., 1999, pp. 923-29)
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3.13 Data Analysis

Personal information, scapular position, muscular forces and clinical data
in the questionnaires and reported forms were gathered using Epidata program and

analyzed by STATA program. The data were analyzed as following:

1. Reliability was analyzed by intra-class correlation coefficient (ICC3,1)
two-way ANOVA mixed model analysis of variance. Standard error of measurements
(SEM = SDV[1 — ICC] ), therefore, were calculated on the basis of ICCs from this
study (Weir, 2005, pp. 231-40). Excel: X-rely program Hopkins) and Intraclass

correlation (Chang) were programs available online and were used for data analysis.

2. Trapezius muscle flexibility property was evaluated (appendix B). A
condition of tightness, pain or a decrease in muscle length had been notified.
Appearance of any sign and symptoms would be justified as lack of flexibility and

would be coded as 1.

3. Pain at scapular area was defined in the personal information
questionnaire (appendix B: the part of shoulder musculoskeletal pain status). Pain area
was ensured for location and onset time. Only evidence of pain that could be localized

on the scapular area would be accounted with code 1.

4. For functional muscle screening, completely six repeatable motions for
each muscle was an acceptable screening for normal muscle function. In contrast,
muscle functional weakness would be classified if any performance was incomplete

(Magee, 1992, pp. 16-17; Magee, 1992, pp. 107; Hislop et al., 1995).

5. As describe previously (step 5 of procedure), each scapular motion was

a different distance or angle between two scapular positions.

6. Descriptive statistics of all participants in this study were age, gender,

occupation and residential area. Continuous data were clarified by mean, standard
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deviation and range. Unpaired t-test was defined for two samples mean comparison,
and variance of each variable was realized before analysis. Through categorical data,
simplify frequency and percentage were presented. The significant of the association

between categorical variables was explored by Chi-Square or Fisher’s exact.

7. Variables of scapular motions; retraction—protraction, superior-inferior
gliding, and upward rotations, were categorized as normal (coding = 0)and abnormal
(coding = 1) motion. Based on the reference group, non subacromial impingement, a
cut-off point between normal and abnormal was established that all values beyond 1
standard deviation from the mean were abnormal. In other words, any motions that

under or exceed its usual range would be defined as deviant patterns.

8. Gender and BMI factor were categorized. For this study context,
threaten effect such as female and over weight participants was characterized as 1. On
contrary, untreated effect or less harm for instance, of male and non over weight

person were coded as 0.

9. Finally, association between exposures and outcome were analyzed by
univariate and multivariate analysis. Confounding factors were also taken into

account or adjusted.



Chapter 4

Findings and Results

4.1 Demographic Factors

Six demographic characteristics of all participants are showed in table
4.1-2. The distribution was regrouped by three age range namely, 20 to 39 years, 40 to
49 years and 50 to 65 years. The percentages for each age range were 12.1, 29.3 and
58.6, respectively. The average, the standard deviation of age 20 to 39 years was 33.5
+ 5.5 years; age 40 to 49 years was 45.0 + 2.5 years; age 50 to 65 years was 54.5 + 3.4
years. Ninety-eight participants (33%) were over weight or had BMI greater than 25
kg./m”. There were 64.6 percent female and 35.4 percent male. Of all participants,
89.2 percent had residential area in Chonburi. In summary, Characteristics of cases

(SI) and controls (NSI) were comparable for all demographic factors (table 4.2).

Table 4.1

Demographic factors of the participants

Demographic Factors n % mean (sd) range
Age (yrs.)
20-39 36 12.1 33.5(5.5)  21.0-39.0
40-49 87 293  45.0(2.5)  40.0-49.0
50-65 174  58.6 54.5(3.4)  50.0-65.0
Body Mass Index  (kg./m?)
<25 199 67 22.3(1.9) 16.0-24.9
25-30 98 33 27.0(1.5)  25.0-30.0

Gender
female 192  64.6
male 105 354
Residential area
Chonburi 265 89.2
Others 32 10.8
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Table 4.2

Comparability of participants characteristics between cases and controls

Participants characteristic Cases” Controls ™ p-value
(n=99) (n=198)
Age (yrs.)
mean (sd)  50.1 (8.3) 48.8  (7.8) 0.181"
min-max  22-65 21-60
Body mass index (kg./m2)
mean (sd) 24.2 (3.1) 236  (2.6) 0.076"
min-max 17-30 16-30
Gender (n)

female(%) 64  (64.6) 128  (64.6)  1.000°
male(%) 35  (354) 70  (35.4)

Dominant shoulder (n)
dominant(%) 70  (70.7) 140  (70.7)  0.598°
non dominant(%) 29 (29.3) 58 (29.3)

Residential area (n)
Chonburi(%) 93 (93.9) 172 (86.9)  0.064°
others(%) 6 (6.1) 26 (13.1)
OccupationC
Blue collar worker  77.0 (77.8) 166.0 (84.3) 0. 170°
White collar worker  22.0 (22.2) 31.0  (15.7)

? Cases are Subacromial impingement; Controls are non impingement.
b .

Chi square
¢ unpaired t-test

d Blue collar worker was manual labor.

By opposing, white collar worker performs non-manual labor.
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4.2 Clinical Manifestations

In this study, both cases (SI) and controls (NSI) were subjective and objective
physical examinations. Clinical manifestations of cases are in table 4.3. By subjective
examination, results of three related impingement shoulder functional test were 85.9,
91.9 and 96.0 percent correspondingly. Through physical impingement examinations,
the positive impingement sign of with painful arc was 91.9 percent, Hawkins test was
83.8 percent and Neer’s test was 81.3 percent. All subacromial impingement cases
(100%) had full passive range of motion (PROM). Pain was a remarkable sign during
active range of motion (AROM). Full AROM were found in 93.9% for abduction,

94.9% for flexion, 98% for external rotation, and 94.9% for internal rotation for cases.

Table 4.3

Clinical manifestations of cases (SI)

Clinical manifestation of cases n (%)

Subjective examination

Pain with across shoulder activity 85 (85.9)
Pain with above shoulder activity 90 (91.9)
Painful arc with shoulder function 95 (96.0)

Objective physical examination:

Positive impingement test

Hawkins test 83 (83.8)
Neer’s test 81 (81.8)
Painful arc 91 (91.9)
Full range of active range of motion (AROM)
Abduction 93 (93.9)
Flexion 94 (94.9)
External rotation 97 (98.0)
Internal rotation 94 (94.9)

Full range of passive range of motion (PROM)
All directions 99(100.0)
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4.3 Reliability of Scapular Position and Muscle Forces for the Overall Study

After data collection process had accomplished; reliability was assessed
(appendix C). The reliability was clarified for scapula positions and muscle forces of
the overall studied participants (table 4.4) for further implementation. Data of 332
shoulders from 321 participants were analyzed. These participants’ BMI ranged
between 16-30 (kg./m?). Averaged age of subacromial impingement group was 50.1 +
8.3 years (mean =+ sd), while non subacromial impingement was 47.8 + 8.4 years
(mean + sd). Intra-class correlation coefficient (ICC3,1) (Weir, 2005, pp. 231-40). and
standard error of measurements (SEM = SDV[1 — ICC] ) are showed. ICCs of all
scapular positions and muscular forces were between 0.753 (95% CI 0.701-0.796) to
0.904 (95% CI 0.882-0.922). SEMs of retraction and inferior gliding were between 0.3
to 0.5 cm., scapular rotations were between 1.1 to 2.1 degrees and muscular forces

were in range of 0.5 to 0.8 kg.



Table 4.4

Test re-test reliability result of scapular position and muscle forces

Scapula n trials Mean (SD) Min.—Max. ICC (95% CI for ICC)
Positions
- Startretraction 331 1 6.8 (0.9) 4.1-10.6 0.855 (0.823 - 0.882)
(cm.) 2 6.6 (0.9) 44-9.0
- Endretraction 331 1 59 (0.9 35-9.0 0.904 (0.882 -0.922)
(cm.) 2 59 (0.9 3.0- 8.9
- Retraction” 331 1 0.9 (0.9 -23- 38 0.753 (0.701 - 0.796)
(cm.) 2 0.7 (0.8) -2.0- 3.1
- Inferior gliding” 331 1 -1.0 (1.1) -4.0- 23 0.802 (0.760 - 0.837)
(cm.) 2 -1.0 (1.0) -4.6- 2.1
- Atarm by side® 331 1 -09 (3.3) -18.0-14.0 0.873 (0.845-0.897)
(degrees) 2 -0.5 (3.1) -12.0-14.0
- At 60degrees® 331 1 7.0 (5.1) -6.0 - 28.0 0.807 (0.766 - 0.842)
(degrees) 2 7.3 (4.6) -6.0-24.0
- At90degrees® 331 1 15.1 (5.9) -2.0-34.0 0.866 (0.837-0.891)
(degrees) 2 15.7 (5.5) 0.0 -32.0

- At 120 degrees® 331 1 29.5 (5.3) 18.0-42.0 0.885 (0.859 - 0.906)
(degrees) 2 29.5 (5.3) 14.0 -44.0

Muscle forces

- Elevator 329 1 9.5 (2.5) 3.9-232  0.897 (0.874-0.916)
(Kg) 2 9.5 (2.6) 42-22.1

- Retractor 327 1 50 (1.4) 24-104  0.864 (0.834 -0.889)
(Kg.) 2 51 (1.4) 2.0- 9.9

- Protractor 332 1 88 (2.1) 50-164  0.881 (0.854-0.903)
(Kg.) 2 8.8 (2.0) 44-16.8

positive(+) is retraction and negative(—) is protraction.
inferior gliding is negative (—) value and positive (+) value is superior gliding.

¢ four positions of scapular rotation were measured at arm by side, at abduction 60 90 and
120 degrees consequently (in scaption).



4.4 Screening Property of Scapular Rotator Muscles
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Scapular muscular properties including flexibility and functions were

screened. As a criterion that appearance of any sign and symptoms would be justified

as lack of flexibility. The result showed (table 4.5) that lack of flexibility in SI and

NSI were 85.6 percent and 69.7 percent respectively. In which, 4.1 percent of cases

had presented functional weakness. In brief, scapular rotators muscle properties were

substantial distinct between groups.

Table 4.5

Scapular rotator muscles screening result

Scapular Rotator Muscles Screening Cases Controls P
n (%) n (%)  value®
Scapular elevator muscle: flexibility screening 99 198
Trapezius muscles length: Less than normal 8 (8.1) 12 (6.1)
Trapezius muscles tightness or pain 82 (82.8) 136  (68.7)
Summary: trapezius lack of ﬂexibilitya 85 (85.6) 138 (69.7) 0.002%*
Scapular rotator muscles : functional screeningb
Elevator muscles screening 98 198
weakness 3 3.1 0 (0.0)
retractor muscles screening 97 198
weakness 2 2.1 0 (0.0)
protractor muscles screening 97 198
weakness 0 (0.0) 0 (0.0)
Summary: functional muscles screening 97 198
weakness 4 4.1) 0 (0.0) 0.001*

*lack of flexibility: a condition of tightness, pain or a decrease in trapezius muscle length

b . .. . .
Weakness: a circumstance that a participant can not complete each functional motion.

C . . . .
p-values were from Chi2, except functional muscles screening was from Fisher's exact test.
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4.5 Muscle Pain at Scapular Area

The result showed that evident of muscle pain at scapula area in
subacromial impingement cases is 50.5 percent and in non subacromial impingement
is 19.7 percent (table 4.6 and fig 4.1). This difference was substantial with p < 0.001.
Among cases, 38 shoulders reported that onset of pain at scapular area had developed

before impingent occurred.

Table 4.6

Muscle pain at scapular area: screening result

Scapular muscle pain screening Cases Controls P

n=99 (%) | n=198 (%) value”

Pain at scapula area: 50 (50.5) 39 (19.7) | <0.001*

Pain onset before impingement 38 (38.4) 0 (0.0)

a .
chi-square

Figure 4.1
Expression of muscle pain at scapular area:

comparison between cases (SI) and controls (NSI)

Muscle Pain at Scapular Area
80+
n .
60+ @ Muscle pain at
scapula area
_ 404
%
— 204 O No pain at
scapula area
O,
Sl NSI




4.6 Scapular Rotator Muscle Forces
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Scapular rotator muscle forces are presented in table 4.7. The elevator

mean + sd (range) of cases and controls were 9.2 + 2.3 (4.9-15.5) kg.; 10.2 £2.7 (5.5-

23.2) kg., respectively. The retractor mean + sd (range) for cases was 5.3 + 1.5 (2.4-

9.3) kg. and controls was 5.3 = 1.4 (3.0-10.4) kg. For protractor, cases mean =+ sd

(range) was 8.9 £ 2.0 (5.3-15.3) kg.; controls mean + sd (range) was 9.2 + 2.0 (5.2-

16.4) kg. Of three average scapular rotator forces, retractor and protractor forces of

cases and controls were not substantially distinct. Average elevator force of controls

was significantly difference from the compared group.

Table 4.7

The average, standard deviation and range of scapular rotator muscle forces

Scapular variables Cases Controls p
(Risk factors) mean (sd) min-max mean (sd) min-max value”
Scapular rotator:
muscle forces (kg.)
Elevator 9.2 (2.3) 4.9-155 10.2 (2.7)  5.5-23.2  0.001%
Retractor 53 (1.5) 2493 53 (1.4) 3.0-104 0.781
Protractor 8.9 (2.0) 5.3-153 92 (2.0) 5.2-164 0.151

* unpaired t-test
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4.7 Scapular Position and Motion

Scapular position and motion were distributed normally. Descriptive

statistics were expressed in mean + sd and range from minimum to maximum (table

4.8).

4.7.1 Scapular Position
At resting, position of root of scapular spine (RSS) was averagely 6.8
+ 0.9 cm. (mean + sd) and range from 5.0 to 9.5 cm for cases. Of the controls, the
average position of RSS was 6.6 = 0.9 (mean =+ sd) and range from 4.3 to 9.0 cm. This
difference was marginally noticeable with p-value of 0.046. In addition, all of the
average scapular rotations of controls including at resting, 60 degrees, 90 degrees and
120 degrees abduction were less than cases. Among these positions, the comparisons

were significantly difference at 90 degrees and 120 degrees abduction.

4.7.2 Scapular Motion

Five scapular motion factors were normal distributions. For retraction,
the average gliding was not statistically significance between cases and controls. With
the mean + sd (range) of inferior gliding, cases had -0.8 + 1.1 cm.(range -3.1 to
1.5cm.) and controls had -1.1 £ 0.9 cm.(range -4.0 to 1.1 cm.) and was statistical
significantly difference between groups.

During abduction, scapular rotations for both groups had increasing
pattern. Average rotations of three ranges including from resting to 60 degrees, from
60 to 90 degrees, and from 90 to 120 degrees were no substantial statistically

differences between groups except at the range from 60 to 90 degrees abduction.



The average, standard deviation and range of scapular position and motions

Table 4.8
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Scapular variables Cases Controls p
(Risk factors) mean (sd) min-max mean (sd) min-max value”
Positions :
- Rotation: average (deg.)
at 60 deg abduction 7.5 (5.5) -5.0-24.0 7.0 (42) -5.0-20.0 0.436
at 90 deg abduction 16.4 (6.2)  4.0-32.0 14.9 (5.0) 0.0-27.0  0.038*
at 120 deg abduction 30.1 (5.1) 17.0-41.0 29.2 (5.1) 15.0-40.0 0.038*
Motions :
- Gliding data: average (cm.)
Scapula at resting 6.8 (0.9) 5.0-9.5 6.6 (0.9) 43-9.0  0.046*
Retraction 0.8 (0.7)  -1.2-2.7 0.7 (0.9) -3.4-3.0 0.522
Inferior gliding -0.8 (1.1)  -3.1-1.5 -1.1 (0.9) -4.0-1.1  0.004*
- Rotation changing: average (deg.)
from resting-60 deg arm abduction 8.4 (4.8) -4.5-23.0 7.7 (3.1) -1.0-16.0  0.218
from 60-90 deg abduction 8.8 (4.0)  0.0-19.0 7.8 (3.0) 1.0-16.0  0.031*
from 90-120 deg abduction 13.7 (4.5)  4.0-22.0 14.3 (3.9) 3.0-26.0  0.259

4 unpaired t-test
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4.8 Category of Abnormal Scapular Motions for Cases and Controls

Based on controls (NSI) data, a cutoff point between normal and
abnormal was established for each scapular motion factors. Any motion that under or
exceed its usual range or beyond one standard deviation from its mean would be
defined as abnormal motion. Percentage exposed and frequency distribution of
abnormal scapular motion in cases and controls are showed in table 4.9 and figure 4.2
to 4.6. In this study, 21.2 percent of cases have exposed to abnormal retraction—
protraction and 45.5 percent of them have exposed to abnormal inferior—superior
gliding. The percentage expose of both factors in controls are 24.7 percent and 28.3
percent, respectively. During three ranges of abduction, 36.4 to 48.5% of cases and
30.8 to 31.3% of controls had abnormal scapular rotation. In summary, cases had
more percentage expose of abnormal scapular motion of all factors than controls

except retraction—protraction factor.

Table 4.9
Summarized percentage exposed of

abnormal scapular motions in cases and controls

Exposed (%)
Factors Cases Controls
n=99 n=198

Retraction-Protraction:

Abnormal 21 (21.2) 49 (24.7)
Inferior-Superior gliding

Abnormal 45 (45.5) 56 (28.3)
Rotation : resting-60 deg. abduction

Abnormal [ 421(42:4) 62 (31.3)
Rotation : 60-90 deg. abduction

Abnormal 48 (48.5) 61 (30.8)

Rotation : 90-120 deg. abduction
Abnormal 30 (36.4) 61 (30.8)
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Figure 4.2
Distribution of abnormal and normal Scapular protraction / retraction
in cases and controls: cutoff point by mean + sd

0 1
) Cases (SI)
a N
g
g
[V
i I I .Il Ill
4 2 0 2 4 4 2 0 2 4
Protraction (-) / Retraction (+)
Graphs by 0=normal or mean+-sd 1=abnormal
0 1
8_
Controls (NSI)
5 <
5
[T
. I | - ___II III
L
Protraction (-) / Retraction (+)
Graphs by O0=normal or mean+-sd 1=abnormal
Scapular Protraction — Retraction (cm.)
<Meanztsd Meantsd >Meantsd Total
<-0.1 0.1t01.6 >1.6 n(%)
Cases  n(%) 9 (9.1) 78 (78.8) 12 (12.1) 99 (100.0)
Controls n(%) 24 (12.1) 149 (75.3) 25 (12.6) 198 (100.0 )
Total  n(%) 33 (11.1) 227 (76.4) 37 (12.5) 297 (100.0)

* negative(-) = Protraction / positive (+) = Retraction



Figure 4.3

53

Distribution of abnormal and normal scapular inferior / superior gliding

in cases and controls: cutoff point by mean + sd

Cases (SI)

Inferior - Superior gliding* (cm.)

<Meanzsd Mean+tsd >Meanztsd Total
<-2.0 -2.0t0-0.3 >-0.3 n(%)
Cases n(%) 12 (12.1) 54 (54.6) 33 (33.3) 99 (100.0)
Controls n(%) 28 (14.1) 142 (71.7) 28 (14.1) 198 (100.0)
Total n(%) 40 (13.5) 196 (66.0) 61 (20.5) 297 (100.0)

* negative(-) = inferior gliding / positive (+) = superior gliding



Figure 4.4
Distribution of abnormal and normal scapular rotation during resting to
60 degrees abduction in cases and controls: cutoff point by mean + sd
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Scapular Rotation* (degrees)

<Meanz=sd Meanzsd >Mean+tsd Total
<4.6 4.6t010.8 >10.8 n(%)
Cases n(%) 18 (18.2) 57 (57.6) 24 (24.2) 99 (100.0)
Controls n(%) 29 (14.7) 136 (68.7) 33 (16.7) 198 (100.0)
Total n(%) 47 (15.8) 193 (65.0) 57 (19.2) 297 (100.0)

* negative value(-) = downward rotation / positive value (+) = upward rotation



Distribution of abnormal and normal scapular rotation during 60 to 90 degrees

Figure 4.5

abduction in cases and controls: cutoff point by mean + sd
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Scapular Rotation* (degrees)

<Mean+sd Mean+sd >Mean+tsd
<4.8 4.8t010.9 >10.9
Cases n(%) 15 (15.2) 51(51.5) 33 (33.3) 99 (100.0)
Controls n(%) 28 (14.1) 137 (69.2) 33 (16.7) 198 (100.0)
Total n(%) 43 (14.5) 188 (63.3) 66 (22.2) 297 (100.0)

* negative value(-) = downward rotation / positive value (+) = upward rotation



Figure 4.6
Distribution of abnormal and normal scapular rotation during 90 to 120 degrees
abduction in cases and controls: cutoff point by mean + sd
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Scapular Rotation* (degrees)

<Mean+tsd Meanztsd >Mean+tsd Total
<10.4 10.4 to 18.1 >18.1 n(%)
Cases n(%) 22 (22.2) 63 (63.6) 14 (14.1) 99 (100.0)
Controls n(%) 30 (15.2) 137 (69.2) 31 (15.7) 198 (100.0)
Total  n(%) 52 (17.5) 200 (67.3) 45 (15.2) 297 (100.0)

* negative value(-) = downward rotation / positive value (+) = upward rotation
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4.9 Univariate and Multivariate Analysis

The associations of abnormal scapular motion components and potential
risk factors with outcome (subacromial impingement) are presented with univariate
analysis in table 4.10. The result shows that abnormal motions of inferior—superior
gliding and rotation between 60 to 90 degrees abduction are significant risk factors.
The odds ratio (OR) were 2.11(95% CI 1.28-3.49) and 2.11 (95% CI 1.29 - 3.47)
respectively. Muscular property factors, lack of trapezius flexibility and persistence of
pain at scapula area were also considered as substantial association with subacromial
impingement. Accordingly, the OR were 2.64 (95% CI 1.39 - 5.01) and 4.16(95% CI
2.45 - 7.05), respectively. Elevator force factor and the over weight group were took
into account as potential cofounding factor that OR are 0.84 (95% CI 0.75 - 0.94) and
2.00 (95% CI 1.20 - 3.31), respectively. Next to univariate analysis, the relation of
each scapular motion factor that contributes to outcome and potential confounding
risk factors were tested by multivariate analysis.

Multivariate analysis was assessed in following steps: firstly, all scapular
motion factors were inspected to determine the association with the outcome (table
4.10 Multivariate analysis of scapular motion factors). Consequently, three of five
scapular motion factors have remained significantly associated with the outcome. OR
of these factors are as following: inferior—superior gliding OR is 2.10 (95% CI 1.25 -
3.53), scapular rotation from resting to 60 degrees abduction OR is 1.76 (95% CI 1.03
- 3.00) and scapular rotation from 60 to 90 degrees abduction OR is 2.46 (95% CI
1.45 - 4.16). Among these factors OR of scapular rotation from 60 to 90 degrees
abduction has markedly increased after adjusted in multivariate analysis. Next,
multivariate analysis was additionally conducted by including only potential
confounding factor (BMI and elevator force) into the main factors model. By the
result, the previous three scapular motion factors were persistently significant
exposures. The associations were substantial enough that OR were greater than 2.00

(OR ranged from 2.06 to 2.53).



Table 4.10
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The percentage of potential risk factors, univariate and multivariate analysis

Multivariate analysis of Multivariate analysis

Exposed
Univariate analysis scapular motion of scapular motion
(%)
Factors factors factors / confounders
Cases  Controls
OR (95%CIforOR) OR (95%CIlforOR) OR (95% CI for OR)
n=99 n=198
Retraction-Protraction: 21 49
0.82 (0.46 - 1.46) 0.73 (0.40 - 1.35)
Abnormal  (21.2) (24.7)
Inferior-Superior
lidi » % 2.11 (1.28-3.49) 2.10 (1.25-3.53) 2.23 (1.28-3.90)
idin . .28-3. . 25 -3. . 28 -3.
giane (45.5) (28.3)
Abnormal
Rotation : resting-60
] 42 62
deg. abduction 1.62 (0.98 - 2.66) 1.76  (1.03 - 3.00) 2.17 (1.24 -3.80)
(42.4) (31.3)
Abnormal
Rotation : 60-90 deg. o =
abduction 2.11 (1.29-3.47) 246 (1.45-4.16) 2.33 (1.35-4.04)
(48.5) (30.8)
Abnormal
Rotation : 90-120 deg.
. 36 61
abduction 1.28 (0.77 - 2.13) 1.23 (0.73 - 2.10)
(36.4) (30.8)
Abnormal
Trapezius muscle: 85 138
a 2.64 (1.39-5.01)
lack of flexibility (85.9) (69.7)
Muscle pain:
50 39
present of pain at 4.16 (2.45-17.05)
(50.5) (19.7)
scapula area
BML: 43 55
2.00 (1.20-3.31) 2.22 (1.27-3.87)
over weight  (43.4) (27.8)
Elevator force (Kg.) 0.84 (0.75-0.94) 0.78 (0.69 - 0.88)
Retractor force (Kg.) 0.97 (0.82-1.15)
Protractor force (Kg.) 0.91 (0.80-1.03)

Each scapular motion was categorized as following: normal were data that equal to or in the range of mean + 1sd;
abnormal were data greater or lesser than mean + 1sd.

a
lack of flexibility was a condition of tightness, pain or a decrease in trapezius muscle length

b . . .
BMI was categorized by cutoff point at overweight (> 25 kg./m* defined by WHO.)



4.10 Discussion

4.10.1 Selection of Participantss

Cases and controls were eligible from the same hospital setting. The
residential area between groups was comparable. Furthermore, demographic factors
such as age range, gender, and dominant arm were comparable. Thus, controls had
conditions of similar nature to that of the cases. By conducting in the hospital setting,
therefore, cases may not be representative of cases in the community. They may be
more severe or more concern than cases who had not assessed the hospital.

The working situation also another view point to address that blue
collar workers or manual labors were engaged more than white collar workers. Hence,
the population involved in this study may be more exposed to occupational risk
factors than other populations in the wider community.

Selection of cases and controls were ensured by three impingement
test (physical examination). The sensitivity of Hawkins’ and Neer’s test and
specificity of painful arc tests are well clarified (Calis, Akgun, Birtane, Karacan, Calis
et al., 2000, pp. 44-7; Park, Yokota, Gill, El Rassi & McFarland, 2005, pp. 1446-55).
Clinical manifestation was also fulfilled the criteria of cases that all cases had full
passive range of motion (PROM). Pain was a remarkable cause of diminish active
range of motion (AROM) and less than 10% of cases were affected. In addition,
controls also eligible by systematic sampling process. Hence, misclassifications of

cases or controls were acceptably controlled.

4.10.2 Recall Bias and Observer bias
For controlling observer variation, data of cases and controls were
assessed by the same observer. Personal information and all scapular factors were
interviewed and were assessed following the manual instructions. The length of time
for achievement the research procedure was approximately 15 to 20 minutes. Test re-
test reliability result also supported that the measurement error of scapular factors
were adequately controlled. However, the scope of reliability was limited for intra-

tester examination circumstance.
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For controlling recall bias, the newly incident cases were confirmed
by reviewing previous history in the out patient recoding files. Thai traditional festival
or religious celebration events were practical reference time frame for validate onset
of disease (appendix B: manual). Moreover, time frame was also limited only the past

year and all information had interviewed by the same interviewer through the study.

4.10.3 Classification of Exposure

Scapula plays as a dynamic stabilizer that moving is specific and is
synchronic for glenohumeral motion (Ludewig, Cook & Nawoczenski, 1996, pp. 57-
65; Kibler, 1998, pp. 325-37; Meskers, van der Helm, Rozendaal & Rozing, 1998, pp.
93-6; Barnett, Duncan & Johnson, 1999, pp. 287-90; Lukasiewicz, McClure,
Michener, Pratt & Sennett, 1999, pp. 574-83; discussion 84-6; Karduna, McClure &
Michener, 2000, pp. 1063-8; Hebert, Moffet, McFadyen & Dionne, 2002, pp. 60-9;
Finley & Lee, 2003, pp. 563-8; Tsai, McClure & Karduna, 2003, pp. 1000-5; Endo,
Yukata & Yasui, 2004, pp. 1009-13; McClure, Bialker, Neff, Williams & Karduna,
2004, pp. 832-48; Ebaugh, McClure & Karduna, 2006, pp. 557-71; Fayad, Hoffmann,
Hanneton, Yazbeck, Lefevre-colau et al., 2006, pp. 932-41; McClure, Michener &
Karduna, 2006, pp. 1075-90; Smith, Dahm, Kaufman, Boon, Laskowski et al., 2006,
pp- 923-27). Any excessive motion of scapular may affect glenohumeral motion.
Accordingly, cutoff points were based on the normal distribution of controls (NSI)
data, the extreme motions beyond mean + sd of each factors were defined as an
abnormal motion. These cutoff points are also consistently with scapular kinematic
definitions that the horizontal displacement more than 1.6 cm. from starting position
will be defined as over or abnormal retraction. For protraction, the definition is
displacement of scapula less than -0.1 cm. at the same plane. Whereas inferior gliding
is the downward vertical displacement which is lower than -0.3 cm. and superior
gliding is the upward vertical displacement which is higher than 2.0 cm. (both are
reference from the starting point). The condition of insufficient of subacromial space
from under upward scapular rotation and abnormal mechanics from over upward
scapular rotation are both found in this study. Thus, the decreasing rotation pattern is
concurrent to previous studies (Borstad & Ludewig, 2002, pp. 650-59; Kibler &
McMullen, 2003, pp. 142-51; Laudner, Myers, Pasquale, Bradley & Lephart, 2006,
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pp. 485-94). On the contrary, the increasing upward rotation pattern had supported by
the results of Lukasiewicz et al and McClure et al (Lukasiewicz et al., 1999, pp. 574-
83; discussion 84-6; McClure et al., 2006, pp. 1075-90). This pattern had also found
in fatigue condition of external rotator (Ebaugh et al., 2006, pp. 557-71). In summary,
the cutoff points based on the existing of controls data are concurrent to the

definitions of scapular kinematics and are in evidence on the preceding studies.

4.10.4 Scapular Motion

The average inferior gliding of cases is less than that of controls. In
other word, cases have more probable to move in superior gliding pattern during
abduction than controls. At resting, the average position of root of scapular spine
(RSS) of cases is also laterally than controls. Both differences are noticeable with
statistically significant (p 0.004 and p 0.046 respectively).

The result shows that normal range of scapular rotations from arm by
side to 60 degrees, from 60 to 90 degrees and from 90 to 120 degrees abduction are
4.6 to 10.8 degrees, 4.8 to 10.9 degrees and 10.4 to 18.1 degrees, respectively. An
overview of scapular distribution for shoulder abduction showed that it is non-linear
relationship and has correlated to former studies which reported value of scapular
rotation separately for each phase of abduction (McQuade, Wei & Smidt, 1995, pp.
144-48; Wang, McClure, Pratt & Nobilini, 1999, pp. 923-29; Talkhani & Kelly, 2001,
pp. 580-84; Borsa, Timmons & Sauers, 2003, pp. 12-17; Illyes & Kiss, 2006, pp.).
However, contributions of scapula rotation during abduction could be summarized in
two patterns. First, from arm by side to 90 degrees abduction, the contribution of
scapular upward rotation has less than glenohumeral motion and the average rotation
is approximately 7.8 + 3.0 degrees (mean + sd). In contrast, during abduction from 90
to 120 degrees, scapular upward rotation plays greater contribution by an average of
14.3 + 3.9 degrees (mean £ sd).

In brief, scapular plays a role of dynamic stabilizer in progressive
pattern above 90 degrees abduction more than in the first phase (from resting to 90
degrees). This could be concluded that a stable scapular base take advantage for

shoulder function at the early range to the middle range of abduction in scaption.
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4.10.5 Scapular Motion: the main exposure factors

For all scapular motion factors, more percentage of cases had
exposed to abnormal scapular motion than controls. Exception for two factors:
retraction — protraction factors, upward rotation from 90 to 120 degrees abduction
factors.

Inferior—superior gliding shows substantial difference in both
amplitude of vertical displacement and abnormal pattern between cases and controls.
The results were concurrent with other studies (Lukasiewicz et al., 1999, pp. 574-83;
discussion 84-6; Laudner et al., 2006, pp. 485-94) that subacromial impingement
patients had more evidences of superior gliding than healthy and one study found no
superior gliding in healthy participantss during elevation (Hallaceli, Manisali &
Gunal, 2004, pp. 378-81).

According to the former studies, Subacromial space width decreased
during abduction from 30 to 120 degrees (Flatow, Soslowsky, Ticker, Pawluk, Hepler
et al., 1994, pp. 779-88; Graichen, Bonel, Stammberger, Englmeier, Reiser et al.,
1999, pp. 59-64; Graichen, Bonel, Stammberger, Haubner, Rohrer et al., 1999, pp.
1081-6) At 30 degrees, the minimal acromio-humeral distance penetrated the
supraspinatus (Graichen et al., 1999, pp. 59-64). For this study, scapular rotation also
presents a clear association with subacromial impingement. Hence, from resting to 90
degrees abduction range, cases (SI) are more likely to expose to abnormal scapular
rotation than controls (NSI). This supported the hypothesis that person exposed to
under or over scapular rotation pattern is likely to develop subacromial impingemnt
than non exposed one.

The abnormal scapula motions in this study are concurrence with
conclusion of alteration of scapular motion in previous studies. Altering components
of scapular motion were impaired retraction (Laudner et al., 2006, pp. 485-94), too
much protraction (Kibler, 1998, pp. 325-37) or scapular abduction syndrome
(Sahrmann, 2002, pp. 194-261), increased superior gliding (Lukasiewicz et al., 1999,
pp- 574-83; discussion 84-6; Laudner et al., 2006, pp. 485-94), increased upward
scapular rotation (Lukasiewicz et al., 1999, pp. 574-83; discussion 84-6; McClure et
al., 2006, pp. 1075-90), too much inferior gliding or scapular depression (Sahrmann,
2002, pp. 194-261), decreased upward scapular rotation (Borstad & Ludewig, 2002,
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pp. 650-59; Laudner et al., 2006, pp. 485-94) or scapular downward rotation
syndrome (Sahrmann, 2002, pp. 194-261).

For this study, an interesting point is that higher proportion of
abnormal retraction-protraction pattern found in controls more than in cases.
Retraction is a benefit motion by increasing subacromial space (Solem-Bertoft,
Thuomas & Westerberg, 1993, pp. 99-103) that enhances supraspinatus strength
(Kibler, Sciascia & Dome, 2006, pp. 1643-47) and reduces pain in impingement
patients (Tate, McClure, Kareha & Irwin, 2008, pp. 4-11), but all of these studies
performed retraction or protraction with applied external force or in a passive manner.
In contrast with active controlling retraction or protraction (Smith, Kotajarvi, Padgett
& Eischen, 2002, pp. 367-70), the disadvantage effect to rotator cuff strength had in
attendance. The effect of active and passive controlling force for this factor should be

clarified in further study.

4.10.6 Scapular Rotator Muscles

For this study, the average scapular elevator muscle force of cases is
significantly less than controls or subacromial impingement is more probable
weakness than the compared group (p 0.001). Accordingly, retractor and protractor
show slightly weakness in cases. These relations could be explain that abnormal
scapular motion may be linked to imbalances of muscle activity rather than
comprehensive weakness of scapulothoracic muscles (Sahrmann, 2002, pp. 194-261;
Cools, Declercq, Cambier, Mahieu & Witvrouw, 2007, pp. 25-33; Cools, Geerooms,
Van den Berghe, Cambier & Witvrouw, 2007, pp. 458-63). Weakness of elevator or
upper fibres of trapezius could alter scapula rotation becasue it was a primary and was
an important muscle to exert an upward rotation (Paine & Voight, 1993, pp. 386-91;
Kibler, 1998, pp. 325-37; Voight & Thomson, 2000, pp. 364-72; Cools, Witvrouw,
Danneels & Cambier, 2002, pp. 154-62; Ebaugh, McClure & Karduna, 2005, pp. 700-
09). Multivariate analysis result also supports the association that OR of elevator
force is 0.73 (p 0.001). By the result, strength of elevator presents as a substantial
protective association to subacromial impingement. This study conceptual framework
has also been approved that scapular muscle are associated with both the cause and

the outcome because elevator force factor has improved (at least 10 percent) OR of
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upward rotation from resting to 60 degrees abduction after it was added in
multivariate model.

In summary, scapular rotator muscle should be more concern in
subacromial impingement condition. Elevator is a primary rotator muscle to be taking
into account as a confounding factor for abnormal scapular motions. Limitation of this
study is that muscle forces were measured in valid and specific position for each
muscle function. This is not suitable to implement in a circumstance where there is an
imbalance of muscle activities. Additionally, both strength and balance during all

components of scapular motion should be assessed in further study.

4.10.7 Associated Factors of Outcome: flexibility of upper trapezius
muscle and muscle pain at scapular area
As the result of univariate analysis, flexibility of upper trapezius

muscle is significant associated factors with the outcome. The participants with lack
of trapezius flexibility had either or combination signs of impaired range of motion
and tightness. The evidence of this factor is highly remarkable for both cases and
controls. The OR of this factor is 2.64 (95% CI 1.39 - 5.01); thus, this could imply
that cases have more likely to expose to a condition of lack of trapezius flexibility
than controls. Muscle pain at scapular area factor also is notified. Pain is an easy
notable sign for muscle injury; pain related changes of muscle activities also were
presented (Madeleine, Lundager, Voigt & Arendt-Nielsen, 1999, pp. 127-40).
Moreover, shoulder pain was an ordinary variable in previous studies (Kaergaard,
Andersen, Rasmussen & Mikkelsen, 2000, pp. 305-10; Badcock, Lewis, Hay,
McCarney & Croft, 2002, pp. 128-31; McClure & Michener, 2003, pp. S50-8; Picavet
& Schouten, 2003, pp. 167-78; Bingefors & Isacson, 2004, pp. 435-50; Bruijn, de Bie,
Geraets, Goossens, Koke et al., 2005, pp. 7). Prevalence of shoulder pain had been
studied by localization of pain over the shoulder area (Pope, 1997, pp.; van der Windt,
Thomas, Pope, de Winter, Macfarlane et al., 2000, pp. 433-42; Walker-Bone, Palmer,
Reading & Cooper, 2003, pp. 185-203; Walker-Bone, Palmer, Reading, Coggon &
Cooper, 2004, pp. 642-51; Walker-Bone, Reading, Coggon, Cooper & Palmer, 2004,
pp. 45-51). However, pain had not been specified at scapular area. In this study, the

area of pain was focused on scapular muscle which is corresponding to the association
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in the conceptual framework. Muscle pain at scapular area is marked on body chart
and is validated the actual location by the examiner once more. By univariate
analysis, the subacromial impingement have more exposed of muscle pain at the
scapular area about 4.16 times of the controls. The curiosity point is 38 shoulders or
nearly 40 percent of cases have had this pain before developing the impingement.
Through the simplicity and outstanding association of both factors, further study
could be conducted to find out if it can generalize as an available screening tool at the

early stage of cases.

4.10.8 BMI

The result suggests that over weight (BMI > 25 kg./m” by the
definition of WHO) person has more probable to develop to be a case (OR 2.22
95%CI 1.27 — 3.87 by multivariate analysis). This association may be affect from
postural difference. In former studies, thoracolumbar spine was decreased and a more
flexed trunk posture was showed for the obese group representing that increasing
adiposity will lead to further restrict motion of the spine (Gilleard & Smith, 2007, pp.
267-71). Moreover, lower shoulder level or thoracic kyphosis is noticeable alteration
in obesity (Fabris de Souza, Faintuch, Valezi, Sant'Anna, Gama-Rodrigues et al.,
2005, pp. 1013-6). Poor cervicothoracic and lumbar posture will increase a poor
scapular position (Mottram, Woledge & Morrissey, 2009, pp. 13-8). Finally, the
slouched posture resulted in significantly less scapular posterior tilt and more elevated
in the interval between 0 to 90 degrees abduction (Kebaetse, McClure & Pratt, 1999,
pp. 945-50).

Over all, relation between postural changes, overweight and scapular
motion should be assess in subacromial impingement. Further studies are needed to
determine what effects these changes have on the soft tissues and mechanics of the

shoulder complex.
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4.10.9 Gender, Age, and Dominant Arm Factor

Gender, age, and dominant arm were matching factors for cases and
controls. The associations of these factors to the outcome also were assessed by
univariate and multivariate analysis. The results confirmed that thir relations were not
statistically significance. Thus, repetitive motion and dominant arm could associate
with each other. Further study could appropriately handle dominant factor as an

unpaired variable.

4.10.10 Confounding Factors
As confounding variables are associated with both the probable cause and
the outcome. Effects of each confounding variable from multivariate analysis are
summarized as follow:
1. Elevator force is a confounding to inferior—superior gliding and
scapular rotation from resting to 60 degrees abduction.
2. BMI factor, especially the over weight group, has an effect on

scapular motions.

4.10.11 Study Methodology

Considering the multifactor etiology of subacromial impingement,
impaired motion of shoulder joint linkages mostly focused on rotator cuff,
glenohumeral joint, and its capsular-ligament (Itoi, Newman, Kuechle, Morrey & An,
1994, pp. 834-6; Novotny, Beynnon & Nichols, 2000, pp. 345-54; Michener, McClure
& Karduna, 2003, pp. 369-79; Werner, Nyffeler, Jacob & Gerber, 2004, pp. 194-201;
Debski, Weiss, Newman, Moore & McMahon, 2005, pp. S24-S31). The mobility of
glenohumeral joint was concerned in this study, therefore, active and passive
physiological range of motion were assessed. However, passive accessory assessment
that is an available physiotherapy method for evaluation of capsular-ligament
tightness had not performed. This method could be an addition assessment in further
study. Case-control study design used in this study took advantage for multiple
exposure factors. However, retrospective method limited some exposure information;
for example, temporal sequence of lack of trapezius flexibility factor and the present

of pain at scapular area factor were not completely assessed in this study. For further
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studies, temporal relationship of these factors should be make clear. In addition,

interventional study may fasten causal association between exposure and outcome.

4.11 Clinical Relevance

Based on biological plausibility of the effect of abnormal scapular motion
on the glenohumeral pathology (Sevinsky, 2007) and the kinesiopathologic model
(Sahrmann, 2002, pp. 9- 50), the association of main factor and confounding factors
with the outcome of this study are illustrated in figure 4.7 to 4.9. Concept of normal
function is a precise joint movement that is generated and is modulated by two
principals systems; musculo-skeletal and neuro-vascular systems. The combination of
these systems provides optimal static and dynamic biomechanics for variety of joint
movements and postures (figure 4.7: pathway 1). Thus, minimal stress and strain
could disperse harmlessly into joint and its surrounding tissues. By the basis of
normal biomechanics and pathway 2 of figure 4.8, abnormality or injury at any
component of shoulder joint complex such as glehohumeral joint, acromiocalvicular
joint, scapulothoracic or rotator cuff etc., causes pathology of subacromial
impingement. However, this widely contributed etiology was not a scope of this
study.

Within the scope of this study, subacromial impingement could develop
under two conditions including movement impairment or abnormal scapular motion
and prolong load from repetitive movement or sustain posture shown in pathway 3
and 4 of figure 4.8. Extending form this study result, abnormal scapular motion was
the main factor to be focused in this study, whereas slouch posture in over weight
person was considered to be a confounder. Moreover, person will prone to develop
subacromial impingement, if the major component of normal biomechanics is altered
by weakness of scapular elevator as shown in pathway 5 of figure 4.9. Beside this,
elevator weakness is also associated with abnormal scapular motion as presented in
pathway 6 of figure 4.9.

In summary, clinical relevance is correcting or removing abnormal
scapular motion may relieve subacromial impingement pain and improve

glenohumeral motion. This reversible association should be study prospectively.



Figure 4.7

Normal function and precise joint movement in normal musculo-skeletal,

neuro-vascular and biomechanics condition
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Figure 4.8
Movement impairment induced by repeated joint movement or sustained postures in

normal musculo-skeletal, neuro-vascular and biomechanics condition
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Figure 4.9
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Chapter 5

Conclusions and Recommendations

Of the assumption of this study, persons who have exposed with abnormal
scapular motions are susceptible to develop subacromial impingement. The results
from this study support this hypothesis that three of five abnormal scapular motion
factors expressed as significant risk factors. These risk factors were vertical gliding
and scapular rotation from resting to 60 degrees and from 60 to 90 degrees.
Retraction—protraction factor and scapular rotation from 90 to 120 degrees abduction
were not substantially associated risk factors of this study outcome. For retraction-
protraction factor, the effect of active and passive controlling force should be
considered and should be prospectively clarified.

Roles of stabilizer, regulator and synchronizer of scapula for the
glenohumeral joint in this study were presented by patterns of scapular rotation.
Progressive upward scapular rotation from resting to 90 degrees abduction had less
amplitude than rotation from 90 to 120 degrees abduction. This could be concluded
that scapular function is to stabilize during the early range to the mid range of
abduction in scaption. In which, from 90 to 120 degrees, it has taken more action to
accomplish glenohumeral motion. As normal motor patterns create normal
biomechanics of motion with minimal stress to the joint, further exercise to improve
scapular control should realize and specific to its natural motion patterns.

Through this study, abnormal scapular motions that have substantial
association with subacromial impingement are superior—inferior gliding, upward
rotation from resting to 60 degrees and from 60 to 90 degrees abduction. This
alteration should be concerned as a primary site to correct or to enhance normal
scapular motion in particular for subacromial impingement with a condition of
abnormal scapular motion. Accordingly, interventional study may confirm causal
association between exposure and outcome. Effectiveness of this intervention should
be additionally clarified.

Moreover, scapula could not work appropriately through the range of
shoulder motion by impaired muscle activity. This concept is also supported by the

present study that strength of elevator enhances normal components of scapula
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motion. Occurrences of diminished flexibility of upper trapezius and muscle pain at
scapular area are remarkable aspects to be concerned in subacromial impingement. In
addition, overweight or BMI factors gives an incredible associations with abnormal
scapular motion and subacromial impingement. However, implementation of this
result may not suitable when muscle imbalance is concerned. By the outstanding
association of diminished flexibility of upper trapezius and muscle pain at scapular
area factors in subacromial impingemnt, further study could be conducted to
generalize both factors as an available screening tool at the early stage of cases. For
causal association, temporal relationship between these factors to cases should be
concerned. Additionally, role of scapular muscles should be inspected in circumstance
of both strength and balance during all components of scapular motion.

By this study design, methodology of cases control was suitable for
multifactor association. Gender, age group and dominant arm were frequency
matched. This had assured that cases and controls are comparable with aspect of these
variables. For repetitive motion, this factor could associate with dominant arm. Thus,
next study could appropriately handle dominant factor as an unpaired variable. The
inclusion and exclusion criteria were available and specific for the scope of study.
However, glenohumeral capsular-ligament tension should be additionally evaluated
by passive accessory method. Information obtained from this method and
physiological range of motion assessment could provide more specificity of
glenohumeral capsule-ligament tightness.

In summary, this study gives an advantage to find out an overview of
main exposures and associated factors with subacromial impingement; predominantly,
the condition that abnormal scapular motion is a prime of causes. As a consequence,
controlling and training normal scapular motion in subacromial impingemnt are
essentially recommended for clinical application. Rehabilitation and prevention
program should be explicitly advocated all scapular motion components. Intended for
improving treatment efficiency in this multifactor causality circumstance, all
coexisting factors are suggested to be handling appropriately. Generalization of the
knowledge to wider population should be considered. Furthermore, application for

inter tester have to clarify additionally.
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o K o o ¥ dgl %
2. BULUUNANIANNATNLUATALRALLN

nsAaeuIRINITANAsTninaINNIaIuNd N lalnesaLTsaen Ay
ADAENITEUAN 2 1sznng A MAsuazANEavieu nstiuindayaniitunigey

= o X
THUATLALA AN

o =K o o 14 dgl o
2.1) LUULUNNNIANNATHLUATRUASLN

NNA9INATNLLaTaLAXIN

n3dAn1aINaNiasaudziingae hand held dynamometer [18] luvinsalul
) v X , = ' ) v X )
elevation ( NaNLU® Upper trapezuis) gﬂ“ﬂ 3, "1 retraction ( NaMNLYUA Middle
trapezius, Lower trapezius) 2107 4 uazvin protraction ( nanuiilaSerratus

a

anterior) 3171 5

W-28



3113 Elevation

(Upper trapezuis)

914 Retraction
(Middle trapezius,

Lower trapezius)

2ap
=
=)
(@3]

Protraction

(Serratus anterior)
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1. asunaduneunslssiliunazdnananadnsgidasannisiae ag luimasesusday
i
2. Wenanadnseanusmegaulinszgnasiinadaumunninuadiuiuusazvinasng

% 1 1 v o % U ij/
an@ed waayin g1 lHAsL 6 AT

a

3. Taanadiaseanussinsegnavinedeudiaudeas 2 syndnseanusefdanlius

Y . 4
FNUAARATINNITIARRLIMN

o A

4. gaRuvTer

a

1 [ %

183481919 hand held dynamometer SNNAUWULNANNILN 3 -5
5. Taanadiaseanusslinszgnaviiniedaunuinmuueduiuusiazvinansaulng

FAUAL hand held dynamometer

o A

6. EHONEIVTA

a

1 [

a =2 1 dlu/ ¥
NeARaUNNATLTN IR 16

e3>

N131iuNnNNA

ANAINANHBANNN1INAGBLAEAT manual muscle testing

9 wuneds Anfananuitiafanssesy 4 Al
ANNTIDNWINNAGALTN IEATL 6 ASILAY
iAisgaansaeu et ANy sninnALs

Tild vunens Andsnanuilatiasninsyey 4
ldanunsanvinnagaLan leATL 6 A5

= [~ 1 dl 1 6

vise llifingasnsiadeulumatneanysnl

ANR1N hand held dynamometer

o K { dl ¥ o 1 a o
TuinAgeganldanniedn waflunlaniy

N13U92LHL
Avsutladeilduaninasinnsdindu Aa ludnnreaunssaaananiiadnladn
d’ 1 v dw % a o o Y 1 o a [ o v dgl v
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o A dl o F 71 1 dl 1 dl ]
eAL 4 [19] e awnsawndaunsygnastinifiindaanisindaulumuvinininue
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Aunigldeu aslluniamiidaindnuilegega [20, 21]

2.2) wuntiuinANEiaEUAaINANILA uppertrapezius

AHEIAVEUARINANLIA upper trapezius

a A 1 v j . v
N19UsEINUANE AN UIBINATNLINE upper trapezius a1

ananadAsiiiuazAnvineunuanslugiln 6 ardaesluuuamsg

=

o waAsmldduann Wiyldinduninigauardneldtszann 30 Tua

%
=S

o ldiensAsrasslinnnngalae il lunasunladiel fundanau

ZJ/ v v =2 v = é’
. mnuu%u@mwummu,@m@ﬂmexﬂummL@miﬂmwmmmju

B Al
Al

ANEAnE UBRINANILE upper trapezius [22]

£ap
=
=)
D

N19TuNNNA
NROM A8  normal range of motion
Aunrangaeaa llenudngle ldsiasndn 20 agA1[23]
LA = @ A s 9 & .
Pain A& Lann1glauvTadinnnanuLile upper trapezius

1 A ¥ d’l d’l
TENINNITEANNINLUDU

ARFRI AR
= = oA A v = a Y
HAuEiavelu Aa fasaunsndedseellFnsiosnisnaeulming Aa lddes
N47 20 89AN (ANUNRTZI919 20 — 40 891 [23] ) warliiannisievizatlapiitizing

nandLile upper trapezius
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n19NAdAaU test re-test reliability

D

ananadAsliandugandndntdtaIuIu 321 A 993 332 dalua ungun
14if1 subacromial impingement (NSI) 298 234 dialua UsenaudaainAncs 149 AL LNA
718 85 AL aeLad 47.6+8.4 T iflunguiidl subacromial impingement® 3au 98 delua
IWAMELN 55 AW LWATNE 32 AU maqm?ilﬂ 50.1+8.3 1l (miwﬁ'ﬂ ananarA laisudn g

o

eilugninnzsellil 1. eanstaauazanianisuyudeuadi 2. avntianguaesdese

¥ ]

NNNd1UNRsaE (ARNgedsae Carter and Wilkinson test) 3. AedasanseAndUnaasemL
dl A [ % ) [~ o 9 -&l | dl d'a; 1
ABLABNYITRENIAL 4. UARNNTLIALRL NTEANYN TaiAAeUYiTaIAUNgANITR S
glenohumeral acromioclavicular Lag scapula 5. navdaluame (frozen shoulder) 6.
Sprengle’s deformity 7. nszandunasAn (Scoliosis) ¥3aAan (Kyphosis) 8. Haminaan s
(BMI) > 30 (Alanu/nms’) ngw SIfludthanldiunisitiaduanunndeaflstanduay
HNUNNARNIRIANANTRANTINNNANINLNTAALN19MIIA subacromial impingement
sign fingl Neer test, Hawkins test, Laz painful arc mmeﬁma‘ﬁmﬁ@ﬂﬂzﬁu S| A Fiaad

BINTUANI (81N191I90) BEN9TIRE 2 N1INARBLAINTIY 3 T591961 daungu NSI Tiww

ansuandlery lunamesaunaniu (ufunfsselulsmeuanifiudeys)

Faeailedse tsznaudas 1. gravity inclinometer 2 389 (Australasian
Medical & Therapeutic Instruments P/L A% Baseline Gravity Inclinometer Fabrication
Enterprises INC. Irvington, New York U.S.A.) Flgsunssaulasiagld Velcro lilninmng
LA 1 1Ased LL@::L‘WINﬂQﬂNﬂWQﬁﬁuﬁfJﬂiﬁUﬁﬁﬂ@LLmuL@mﬂ’J’m&’]’J 6 Havis 2 isaaLita Ly
ﬂmNLLaiufﬁ’]Lﬁﬂ'JNVl’mm’mLLu%ﬂ?:@ﬂﬁuLLﬂJuﬂﬁ“@ scapular spine 2. vernier caliperﬁl
fautlaslaennsfmsyA tienn38198ai horizontal line 3. Asesiaindandnaitiedne
8 (Hand held dynamometer: MicroFET3 Digital Muscle Tester: Lafayette Manual
Muscle Tester) 4. mamﬂLL@szumq‘ﬁ'ﬁmmuuuummz@ﬂﬁwzﬁ 5. wuuiunndaya
Lﬂ?ﬁlfﬂ\iﬁ@nﬂ%ﬂé’ﬁi’mﬂ’m‘wmmﬂudﬂﬁmﬁmﬁlmm@ﬁ@uﬁ’uﬁummmmu test re-test

reliability N139AR N uneNldaNaese L



N3dAAUMIILAZINAINANILANITANAZITN

A181857ATTLN13T uAsTURDUAINE LAY AITe L LILILAAIANE ULaN 1IN
mﬂm‘wﬂqﬁm;ﬁﬁﬂ?mumiaﬁmqmaﬁﬂ 1 AL(AHIUNNTNARANINAADL test re-

test reliability) 1MN1ANNEU MTIRAANTEY LASAINITIARANNUNUAZINAY

o ©

nAnuanszgnaztNANAIAL NsdaRuMinszgnazinaiunisiae 1.49

v a

2181837 AT IFReLiN B ldEwInAe 2 Anmddanuuuanszgndundsseauan
(T2 - T6) 5m gravity inclinometer NFWLLL 3.9AF2UNL scaption fagl standard

. dl Yo [~ o o £% o
goniometer 1 45 312 IN9LUNL coronal Tag lanuEluwanaiy 4. 1ananadas

v

nauauisaastsIuas Nz i iuldaugndessnudunan 5. luviuaung

a o o

dreansia dnddadnAAurlan sy ueeanszgnasintneaneg a8 gravity
inclinometer Uu scapular spine ina1an acromial angle 11/94 root of scapular

. dl ¥ . . o 1 dla
spine (RSS) (Lmeq"Lugﬂm 1) 6.1 vernier caliper 19222321919 RSS wasningn

dj o [ % £ o YOJ Il [ % . o K 3| 1
uunenaNnszgndunas InaacunnszauinesluseAu horizontal tunniduan
(FuFuLea retraction waz vertical gliding Tnanasaesng l3uumy 7. 1%
aNd1aTAINNUIUTRLAZ VYA IR AN UBRINTZANATTINTIYHN 60 90 WAz 120
BIANFNNAIA 8.NNINUAL 120 B9AN HRABdAszer RSS ANNAN4A uda 6
496 9. 1 ananadnseuauasinsyanng 1 WIn 10.438aMN19TAATINNNAT
BNTaUANTUADULAN

nsdanaInanaiileaziinld hand held dynamometer tagIfaaEiNN1935

Andandnuiile 3 nqu A elevator Tuyiniie protractor luvinueuming uae retractor
TuinueuAdn ANNNIANEIT89 Michener, L. AuazAny ' Haun1sinna

1A o 4

& 1 1
néutlewsazyingidelienanaipandeulmaziinsindaanisindenlriias 6
?/ X o o [ % % dg/ 4 4 o =3
90U AINUUAITANAINA1NLUBAIY hand held dynamometer Tnaliananadnsings
- S = z a A o o= o
néuileAslingdaanaiseesnisfeuluatiuuin 10 unh Tuinuawazin 30

A1 ANTUNINITTANIAINANEATUTEIANTAL TINTAYINAY 2 991



AN99% 1 AUANBUEAB9RNANaN AT IdNINAAR | A Avutin ANlRATRIENY LAY

satidaanie (BMI Alansu/imms’)

ADIAN WY mjm‘ﬁliﬁﬁ Subacromial ﬂﬁjm‘ﬁlﬁ Subacromial impingement
YAIRNRNANAT impingement
IWANILY  LWATE 994 IWAMILY  LWATE 994

A (falva) 149 85 234 64 35 99
ANNDLIA

gl 15 8 23 9 3 12

291 134 77 211 b5 32 87
ang) (T)

Mean (SD) 47.5(7.9) 48.4(9.2) 47.8(8.4) 49.6(7.8) 51(9.1) 50.1(8.3)
Min-Max 21-60 23-60 21-60 22-65 29-61 22-65
BMI  (Alanw/
AT
Mean (SD) 23.4(2.6) 23.7(3.0) 23.5(2.7) 24.1(3.2) 24.4(3.1) 24.2(3.1)
Min-Max 16-30 16-30 16-30 18-30 17-30 17-30
WuRmLu
spine al Root of scapular

Rotation at arm by side

Rotation at

Inferior 120 deg. abduction

gliding 1

-

1a2

al-a2=retraction

917 1 uans AumdsdnaBelun9AUI AN retraction,
inferior gliding WA rotation

(Aputagann http://en.wikipedia.org/wiki/Shoulder_blade)



N1934ATLYTR3A

%’@H@ﬁiﬁﬁ 3 A 1. retraction UAY inferior gliding Iaginszazsz1dng RSS D4
m‘x@ﬂﬁwﬁqﬁamﬁ‘mﬁ@mu@q’ﬁméﬁﬁqLmzﬁ'fﬂmqmﬁqmm:mumu 120 B9ANNIAIUITY
NAFNN(TEWIN 2 ﬁ‘hmeﬁ) SlaeasnalusvunL horizontal SiAnLaN (+) N80 retraction
guAnaL () A protraction WA AN inferior gliding ¥unef iladaunafnaildLan
) waluiAnssdnuienasineilaniluuan (+) A8 superior gliding 2. ALININHUTD
n3zaNAziin 4 AN AA LIUEN9AIA N19UEU 60 90 LAz 120 B9ANANNATAL (gﬂ‘ﬁ' 2) 3. AN
frdandnaiite 3 nqu lAun elevator retractor uaz protractor TausazATnansIa 2 A

nsAiauideteldlae 4 sunsy Excel: X-rely'® UAZ Intraclass
correlation’” A" intraclass correlation El"gﬁzgm ICC (3,1) two-way ANOVA mixed model

ANNNLNUENUBINNTIA AD AN standard error of measurement (SEM) ngﬁQm SEM = SD

Vi-1c0)®

NANN9INAZRL test re-test reliability

P39 2 wan SuLeNENALTAT AaRs zdf;w,ﬁw,uummaﬁgm W&e SEM
ICC m@qm"ﬂLLWNLL@zﬁﬂﬁmﬁmLﬂmfﬂum:@ﬂmﬁﬂ ICC {AN9219749 0.753(95% CI 0.701 -
0.796) 4 0.904 (95% CI 0.882 - 0.922) AN SEM 28401994 retraction Wag inferior gliding
agl7211919 0.3 T4 0.5 LIURLNAT A9UNIINYUIBINIZANALINALTLNING 1.1 D19 2.1 896
uazrindandnaifedien 0.5 e 0.8 Alaniu ileisauniley f1 SEM uax ICC Tesmumis
uazindendnaifeseunsrgnaziinssainangui liiusl Subacromial Impingement
(mmqﬁ' 3) TnelICC 22943 SI TA1351919 0.592 (95% CI 0.446 - 0.707) 019 0.891 (95%
Cl 0.840 - 0.927) A1 SEM 1834n1347 retraction WA inferior gliding agj9x11419 0.3 79 0.7
IURALNAT A9UN1INLUIBINIZANALINSETEUINN 1.3 D9 2.9 896N wazindandnanifadin
0.5 019 0.8 ilaniu 491 ICC 19angx NSI {A19211919 0.810 (95% CI 0.761 - 0.850) T4
0.900 (95% CI 0.872 - 0.922) A1 SEM 284n131M retraction WA inferior gliding 891914

0.3 09 0.4 WURNAT A9UN1INHLLRINTZANALINOLITUIN 1.1 DY 1.9 89AT UAZTNAY

nANLaNAN 0.5 D4 0.8 Alanu



AT 2 WARY AMUIUEIANANAT ALaAY (mean) AudeUuNIATgIU (SD) WdE (min-max)

=

SEM ICC remumibaiarinaenanuiiiesaunszgnaziin

o T.oa
AAAIIN

Scapula n Mean (SD) Min. — Max. SEM ICC (95% CI for ICC)
ZRIREIN

Start retraction 331 1 6.8 (0.9 41 - 106 03 0855 (0.823 - 0.882)
(1) 2 6.6 (0.9) 44 - 90

End retraction 331 1 59  (0.9) 35- 90 03 0904 (0.882 - 0.922)
(1) 2 59  (0.9) 3.0 - 89

Retraction’ 331 1 09 (09 -23- 38 04 0753 (0.701 - 0.796)
(1) 2 07 (0.8) -20- 3.1

Inferior gliding” 331 1 10 (11)  -40- 23 05 0802 (0.760 - 0.837)
(13.) 2 1.0 (1.00  -46 - 2.1

wadneansa’ 331 1 09 (33 -180- 140 1.1 0873 (0.845 - 0.897)
CNGR)! 2 05 (3.1) -12.0 - 14.0

7 60 apn’ 331 1 70 (51) 60- 280 21 0807 (0.766 - 0.842)
(GNGR)! 2 73  (46) 6.0 - 240

7 90 aapn’ 331 1 151 (5.9) 20 - 340 21 0866 (0.837 - 0.891)
(GNGR)! 2 15.7  (5.5) 0.0 - 320

71 120 aean’ 331 1 295 (5.3) 18.0 - 420 1.8 0.885 (0.859 - 0.906)
(GNGR)! 2 295 (5.3) 140 - 440

fndanduiile

Elevator 329 1 95 (2.5) 39 - 232 08 0897 (0.874 - 0.916)
(Nlaniu) 2 95  (2.6) 42 - 221

Retractor 327 1 50 (1.4) 24 - 104 05 0864 (0.834 - 0.889)
(Alanu) 2 51 (1.4) 2.0 - 99

Protractor 332 1 8.8  (2.1) 50 - 164 0.7 0881 (0.854 - 0.903)
(Nlanfu) 2 8.8 (2.0 44 - 168

1 = . | ' Yy .
AT + UHNEIDN retraction A9UANAL (—) AB protraction

2 . . v =X i | A . o
AN inferior gliding YH1E0N ANAL (—) WAZATLIN (+) AB superior gliding

*Auvdannavyuaeanszanazain 4 A1 Ae waudneanda newa 60 90 uaz 120 BeAn



A13°9% 3 WLy A1 SEM uaz ICC 199a1umielarnaInduiilesaunsygnasin
FNNANHOAZURINGNITUINNGNA IHALE Subacromial Impingement

wazngui BMI <25 il BMI>25 (Alaniu/inms’)

ANTUTUAY nau3f Subacromial nqx Subacromial
NANeNAdNAs Impingement Impingement
95% CI  forICC 95% Cl for ICC
Scapular n SEM ICC ! n SEM ICC .
Lower-Upper conf Lower-Upper conf

AN (T3.)
Start retraction 233 0.3 0.883 0.851 0.908 98 04 0.784 0.693 0.850
End retraction 233 0.3 0912 0.888 0.931 98 0.3 0.887 0.835 0.923
Retraction 233 04 0.810 0.761 0.850 98 0.5 0592 0.446 0.707
Inferior gliding 233 0.3 0.870 0.835 0.898 98 0.7 0.681 0.558 0.775
N9MsL (B961)
IS NA LD 233 11 0872 0.837 0.899 98 1.3 0878 0.823 0.917
‘17{ 60 a3AN 233 1.7 0847 0.807 0.880 98 29 0.755 0.654 0.829
‘17{ 90 29AN 233 19 0.878 0.844 0.904 98 25 0.844 0.776 0.893
'17{ 120 a3AN 233 1.8 0.887 0.856 0.912 98 1.8 0.878 0.824 0.917
Muscle force (Alan3u)
elevator force 234 0.8 0.900 0.872 0.922 95 0.8 0.873 0.815 0.914
retractor force 234 0.5 0.852 0.812 0.884 93 0.5 0.891 0.840 0.927

protractor force 234 0.7 0.884 0.852 0.909 98 0.7 0.870 0.811 0.911

1Lower—Upper confidence limit



AN39N 3 (Fia)

ANTUZUD ngu BMI <25 nqu BMI >25
naNeNdasing (AlanFuiums®) (AlanFuiums®)
95% CI  forICC 95% Cl  forICC
Scapular n SEM ICC , N SEM ICC :
Lower-Upper conf Lower-Upper conf

AN (T3.)
Start retraction 222 0.3 0.844 0.801 0.878 109 04 0.849 0.787 0.895
End retraction 222 0.3 0.898 0.868 0.920 109 0.3 0910 0.870 0.937
Retraction 222 04 0775 0.716 0.823 109 0.5 0.693 0.581 0.780
Inferior gliding 222 0.5 0.758 0.696 0.809 109 04 0.865 0.808 0.905
N1UY (B9AN)
LR 19ANAY 222 1.1 0.883  0.850 0.909 109 1.1 0.849 0.787 0.894
'17]' 60 a3AN 222 2.1 0.826 0.779 0.864 109 22 0.766 0.675 0.834
171' 90 avAN 222 1.9 0.888 0.857 0.913 109 24 0816 0.742 0.871
‘17‘]' 120 89AN 222 1.8 0.887 0.855 0912 109 1.7 0.875 0.822 0.913
Muscle force (Alan3u)
elevator force 220 0.8 0.920 0.897 0938 109 09 0832 0.764 0.882
retractor force 218 0.5 0.867 0.829 0.896 109 0.6 0.859 0.801 0.902

protractor force 223 0.7 0.896 0.867 0919 109 0.8 0.849 0.787 0.894

1Lovver—Upper confidence limit

1N

o

HanM9ANEIASIELEAY ICC agfluszAtilnunaneiivhnin uay SEM HAntiasiie

WEaugufunisAneRlndAeiu'™"? dadannuasasn ICC Taun Auulssuaag

. s y . d a4 A -
NANUAININANE AN INAAIALAABUTBINTZLIUNIIIALAZLATAIND LHARANIINAATN
fladeneTunesananadag (113199 3) WUFIAY ICC 1a9ngu S| HAntiaandings NSI et

NNAY dauNaaInAl BMI lediasnziing L inousinisdnngumutians over weight 784
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WHO'"® W‘]_I')"m@:N‘ﬁlfl BMI >25 (Alan3u/wms’) {A1 ICC 189 retraction LAY N1IUHLUA
nazgnazin 60 uaz 90 asAENNINGNTIR BMI <25 (Rlanfuiums’) ateiaaulngli
ICC 0.693 0.766 WAL 0.816 MAUSIFL T9ANULANANIMETLEAAAZITLIAY SEM 2945
ulssanusiFnmnnngn SEM 284nqu BMI<25 (Alanin/umg’) dndias aganniada

UNAFaIRN AN HENNTAAIAUMNNIEANATTINIIURLUIS T9AUNE BMI Hnnazianana

& A : PP o Y A= @ oy oo o =
wnedlaRianINNdAunE BMI tas avuuunzeaiiaitiaailudadningszniamts
atinelsfinnananisn i lunnsdneassilansnsald i lunguind BMI<30 (Rlaniu/was’)
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Sample Size Calculation: Base on Pilot Data (Thai)
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nsAandldgresAailszansiNenaae uaNNRF U (Stanley, Hosmer Jr,

Janelle & Lwanga, 1990, pp. 19-20) seazidense i
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RENGEN

HO:P1=P2 Ha=P1¢P2

N=  {Z 1oz [N 2P(1-P)+Z 15 [N P1(1-P1)+ Po(1-Py)]

(P1-P,)?
= {1.96 [N 2*0.45(1-0.45)] + 0.842 [\ 0.53(1-0.53)+ 0.36(1-0.36)] 12
(0.57 — 0.4)
= 133 ALl

P1= (OR) P2

(OR) P2 +(1-P2)

proportion exposed in subacromial impingement cases
[P2*OR/(1-P2)] *(1-P1) = 0.53

proportion exposed in non subacromial impingement subjects
0.36 (AN 36% Fn9B9anmad 2 )

odds ratio = 2

(0.53+0.36)/2 = 0.45

Stanley, L., D. w. Hosmer Jr, K. Janelle and S. K. Lwanga (1990). Sample Size

for Case-Control Studies. Adequacy of Sample Size in Health Studies(pp.
19-20). England, Jhon Wiley & Sons.



Appendix E

Selection of Controls by Systematic Sampling Method (Thai)

140



NSARRANENAIRNATNENAILAN( LN subacromial impingment )

Aagl Systematic Sampling Method

n13dnpanaanasinnguALAx (il subacromial impingment )
aranadaIngueauaxldanduvtediniuninmaganmiianing

mm@m@ﬂuﬁuﬁ%ﬁﬂ TnedEnnsgusianting Systematic Sampling il

B1ANGNATNGNATLIAN 2 ﬂuﬁi@mmmﬁmmjuﬁﬁ subacromial impingement 1 A

aa 1 % 1 v N .
ANITANAINLING A28l Systematic Samplinf

[ [ A ¥ o

aedelaALIaIdNITe N FUNImIIRgIN INRAD LT 1TANE1T0ug T uwsas U

a

1.

nslennzEndanaNtiRul sz nsduvingu ang 20 - 65 1

u

v
H
9

] a o

A o 1 o o dl 2’/ Y Y =KX o 1 o o dl
AIRLULARNFAIREWNANALUN 1 AL 2 mnuuimuiﬂ 3 AUAUDNFIRENAIALN 6 AL

no
©32¢

1
o v A & o

7 Whidanldantiudulilan 3 auinduillyniunfudesyaias

a

'
a

A o a 44 = Ao Ao 6§ o °o o
3. ﬂ?mm@q@qﬂﬂﬂ?imﬂuﬂﬂﬂﬁiﬂiﬂﬂﬂm@ﬂu quWﬂqﬂuﬂﬁlu\?qurl@ﬂiﬁL@'ﬂﬂ@qﬂ@qﬂ‘]_l

da1d1u 3 AUNMALNY

o \ o | A= A o o o LA > o
2PN LL@@QQﬁﬂq?@quﬂﬂq\i @V]Uﬂ@@']ﬁum@\imﬁﬂﬂqﬂ‘WL@@ﬂLTqLﬂu@q@q@Nﬂﬁ‘ﬂ')U@N

112|345 6 | 7|81 9] 10
11 |12 |13 |14 | 15 16 | 17 | 18 | 19| 20
21 | 22 | 23| 24 | 25 26 | 27 | 28 | 29 | 30
31|32 |33|34 |35 36 | 37 | 38 | 39 | 40
41 | 42 | 43 | 44 | 45 46 | 47 | 48 | 49 | 50
51 | 52 | 53 | 54 | 55 56 | 57 | 58 | 59 | 60
61| 62 | 63|64 | 65 66 | 67 | 68 | 69 | 70
71|72 | 73|74 |75 76 | 77 | 78 | 79 | 80
81 82|83 |84]|85 86 | 87 | 88 | 89 | 90
91| 92|93 | 94|95 9 | 97 | 98 | 99 | 100




Appendix F

Occupation of the Participants

Occupation of the participants is described in detail in table E. From their
job characteristic, manual labor was classified as blue collar worker. On the other
hand, white collar worker was classified as non-manual labor. In white collar worker
group, teacher and official worker accounted for 9.4 percent and 8.4 percent of all
participants, respectively. Among all blue collar workers: farmer, house keeper,
construction worker and food services were majority careers that were engaged and
the distribution was in the range of 10.1 percent to 12.1 percent of total participants.
Apart from these, factory worker, driver, general wage worker, health care worker,
gardener, fish farm worker, grocery shop worker, hairstylist or dress maker and
soldier or police were included. The contribution of this part was in the range of 1.0
percent to 6.4 percent of the whole participants. Lastly, there was 0.1 percent or one

participant missed to report his occupation.
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Table F Distribution of Participants’ Occupation

Occupation® Cases (SI) CE)Q'[SrIo)Is Total

n (%) n (%) n (%)

White collar  Teacher 10 (10.1) 17 8.6) 27 (9.)
worker Official worker 12 (121) 14 (7)) 26 (8.7)
Farmer 3 (30 33 (16.7) 36 (12.1)

Wage worker 14 (141) 22 (11.1) 36 (12.1)

Food preparation/

cooking/serving 11 (11.1) 19 (96) 30 (10.1)

House keeper 10 (10.1) 21 (106) 31 (10.4)
Consction worker 9 (91 17 (86) 26 (8.7
Driver 6 (61) 12 (61) 18 (6.1)
Blue collar  Factory worker 5 (1) 11 (5.6) 16 (5.4)
worker Health care giver 7 (7.1 9 45 16 (5.4
Fish farmer 4 (4.0 7 35 11 (3.7
Gardener 4 (4.0 6 (3.00 10 (3.4
Grocery shop 3 (3.0 2 (3.0 5 a7
Hair/ dress maker 0 (0.0 5 (2.5) 5 1.7)
Soldier/police 1 (1.0 2 (1.0) 3 (1.0)
Missing 0 (0.0 1 (0.5) 1 0.3)
Total 99 (100.0) 198 (100.0) 297 (100.0)

a
Blue collar worker was manual labor.

By opposing, white collar worker performs non-manual labor.
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Appendix G

List of Abbreviations

Subacromial impingement
Non subacromial impingement
Body Mass Index

Centimeter

Meter

Kilogram

Odds ratio

Standard deviation

Intraclass correlation

Standard error of measurement

WU LN AT
LT

Alaniu
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