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Abstract: Background: The Lateral Scapular Slide Test (LSST) is a static
test used in practice to assess linear inferior scapular angle
displacement and scapular asymmetry at three different degrees of
shoulder joint abduction; However, there is no evidence in the literature
about the reliability and diagnostic accuracy of a modified LSST (arm
elevation in scaption with loading) in a symptomatic population.
Objective: To assess reliability and diagnostic accuracy of the MLSST in
subjects with and without shoulder symptoms. A new test position is
examined, in which the arm is held in 90° of elevation in scaption with 1
kg load.

Design: Within day intra-and inter rater reliability, agreement, and
diagnostic accuracy study.

Method: Participants included 25 (42+2.7 years) subjects with shoulder
symptoms and 25 (40%2.lyears) asymptomatic control subjects. Two raters
measured the distance between the inferior scapular angle and T7 at arms
by the side, hands on hips and 90° of arm elevation in the scapular plane
with 1 kg load. Measurements were performed twice, bilaterally.
Intraclass correlation coefficient (ICC), minimal detectable change
(MDC95%) and diagnostic accuracy were calculated.

Results: The ICCs for intra- and inter-rater reliability were good to
high in both groups. The MDC95% in symptomatic and asymptomatic group
ranged 0.67-1.40 cm and .60-1.52cm respectively. Positive and negative
likelihood ratios ranged 1.07-5.50 and 0.81-1.11, respectively.
Conclusion: The MLSST had good reliability and agreement properties to
assess scapular position in both groups. However, no test position had
clinical utility as a diagnostic criterion for shoulder pathology.
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TITLE PAGE
Reliability, Agreement, and Diagnostic Accuracy of the Modified Lateral Scapular Slide
Test

ABSTRACT

Background: The Lateral Scapular Slide Test is a static test used in clinical settings to assess
medio-lateral inferior angle displacement and scapular asymmetry at three different degrees
of shoulder abduction. However, there is no evidence in the literature about the reliability and
diagnostic accuracy of a modified LSST (arm elevation in the scapular plane with loading) in
a symptomatic population.

Objective: To assess the intra- and inter-rater reliability, agreement, and diagnostic accuracy
of the MLSST in subjects with and without shoulder symptoms. A new test position is
examined, in which the arm is held in 90° of elevation in the scapular plane with 1 kg load.
Design: Within day intra- and inter-rater reliability, agreement, and diagnostic accuracy

study.

Method: Participants included 25 (42+2.7 years) subjects with shoulder symptoms and 25

(40£2.1years) asymptomatic control subjects. Two raters, blinded to each other’s outcomes,

measured the distance between the inferior scapular angle and T7 at arms by the side, hands

on hips and 90° of arm elevation in the scapular plane with 1 kg load. Measurements were

performed twice, bilaterally. Intraclass correlation coefficient (ICC), minimal detectable
change (MDCyse,) and diagnostic accuracy were calculated.

Results: The ICCs for intra- and inter-rater reliability were good to high in both shoulders of
symptomatic and asymptomatic groups. The MDCosy, in the symptomatic group ranged

between 0.67 — 1.40 cm in the symptomatic shoulder and 0.72 — 1.16 cm in the asymptomatic
shoulder. The asymptomatic group presented a MDCosv, ranging between 0.63 — 1.52cm in
the dominant and 0.60 — 1.41cm in the non dominant shoulder. Positive and negative

likelihood ratios ranged between 0.67 — 5.50 and 0.81 — 1.11, respectively.
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Conclusion: The MLSST had good reliability and agreement properties to assess scapular
position in both groups. However, no test position had clinical utility as a diagnostic criterion

for shoulder pathology.

Keywords: diagnostic accuracy, Lateral Scapular Slide Test, reliability, scapular asymmetry,

scapular position.

INTRODUCTION

Shoulder joint function may be affected by changes in scapular position and motion.
Several studies have shown that altered scapular position and motion, commonly termed

scapular dyskinesis, can significantly impact on shoulder joint stability (Mueller et al., 2013),

muscles’ force generation (Kebaetse et al., 1999; Kibler & McMullen, 2003; Kibler et al.,

2006) and length tension capacities (Borstad, 2006), range of motion (Kebaetse et al., 1999),
and quality of movement (Ludewig & Reynolds, 2009). Any muscle imbalance affecting the
shoulder complex may change scapular kinematics and the symmetry of shoulder motions.
Thus, scapular asymmetry is often considered as a related factor to the development or
perpetuation of shoulder pain and disability and used as a diagnostic criterion to identify
patients at risk of developing shoulder symptoms (Lukasiewicz et al., 1999; Hebert et al.,
2002; Uhl et al., 2009; Kawasaki et al., 2012; Klintberg et al., 2015). However, there is
controversy and debate among clinicians and researchers regarding whether scapular
asymmetry does predispose the shoulder to pathology (McClure et al., 2009; Kibler et al.,
2013; Morais & Pascoal, 2013; Hosseinimehr et al., 2015).

The Lateral Scapular Slide Test (LSST) is proposed as a practical, quantitative
method for assessing medio-lateral inferior angle displacement and recognizing scapular

symmetry in clinical settings (Kibler, 1998). Side to side comparison is done between the
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distances of the thoracic spine to the inferior angle of the scapulae and performed in 3

different arm positions: one, arms by the side; two, hands on hips; three, 90° of shoulder

abduction with the thumbs pointing downwards (maximal internal rotation of the shoulders).
Although this is a relatively simple test to perform, the literature shows conflicting results in
the measurement properties of the LSST to identify scapular asymmetry. While some authors
have reported reasonable reliability and agreement, and recommend its use in clinical practice
(Gibson et al., 1995; McKenna et al., 2004), others found less adequate compatibility in this
regard (Gibson et al., 1995; Odom et al., 2001; Shadmehr et al., 2010; Ozunlu et al., 2011).
Moreover, the clinical utility of the LSST remains inconclusive. Several studies using the
LSST as a diagnostic criterion for determining scapular asymmetry in subjects with and
without shoulder pain, found that the ability of this test to differentiate between symptomatic
and asymptomatic shoulders is questionable (Odom et al., 2001; Koslow et al., 2003; Nijs et
al., 2005; Shadmehr et al., 2010). Asymmetry in scapular position between sides is often
assumed as pathological. However, asymmetrical scapular position is reported in both
symptomatic and asymptomatic populations confounding the interpretation (Uhl et al., 2009;
Seitz et al., 2012b; Morais & Pascoal, 2013; Hosseinimehr et al., 2015).

Considering that dynamic scapular stability and mobility strongly depends on the
contribution of the muscular system, a modified LSST (MLSST) is proposed to load the
shoulder muscles to assess if this modification further highlights side to side differences in
scapular position between symptomatic and asymptomatic shoulders (Struyf et al., 2009).
The MLSST introduces 2 variations to the original LSST: one, in 90° of shoulder abduction a
load of 1kg is added; and two, a further position is added of unloaded arm abduction to 180°.
Struyf et al., (2009) recommend the modifications when testing populations with shoulder
symptoms to refine the measurement and clinometric properties of the LSST. Shadmehr et
al., (2014) further proposed that the MLSST be done with the arm in the scapular plane
instead of the coronal plane because this position was more reflective of the neuromuscular
control of the scapula whereas the coronal plane could be more reflective of glenohumeral
joint capsule and ligamentous restrains. Additionally, abnormal scapular position and motion
may be better recognized during arm elevation performed in the scapular plane (scaption)
when compared with the coronal plane (shoulder abduction) (Giphart et al., 2013).

Thus, the aim of this study was to determine the reliability, agreement and clinical

utility of the MLSST, particularly the new test position, 90° of shoulder abduction in scaption



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

with 1 kg load, to rule in or rule out scapular asymmetry as a factor related with the presence

of shoulder pathology.

MATERIALS AND METHODS

Study design

This was a two groups, two assessors, repeated measures study. Intra- and inter-rater
reliability and agreement, and diagnostic accuracy were investigated. The intra- and inter-
rater reliability and agreement study was performed following the Guidelines for Reporting
Reliability and Agreement studies (GRRAS) (Kottner et al., 2011). For the diagnostic
accuracy study, the Standards for Reporting of Diagnostic Accuracy (STARD) was used
(Bossuyt et al., 2003).

Subjects

Twenty-five (n = 25) subjects complaining of shoulder pain were recruited from two
private physical therapy clinics and one outpatient physical therapy division of a general
hospital. During the same period, a general announcement among hospital personnel was
held to recruit subjects free from symptoms. The aims and procedures of the study were
explained, and prior to participation, volunteers had to sign an informed consent form.
Subjects then underwent clinical examination by an orthopedic surgeon, complemented with
diagnostic imaging (MRI and ultrasonography imaging) on both shoulders to screen for
abnormalities, such as partial rotator cuff tears or tendinopathy. The orthopedic surgeon then
established and reported the final diagnosis, taking into account both clinical and imaging
findings, and referred the subjects to the research team. This study was approved by the
ethics committee.

Inclusion criteria

All recruited subjects had to be between 18 and 65 years old and be able to actively
perform 90° of shoulder abduction in scaption with maximal internal rotation while holding
lkg weight in their hands. Subjects in the symptomatic group had to be diagnosed with
unilateral shoulder pathology by an orthopedic surgeon.

Exclusion criteria

Subjects were excluded if they had any of the following conditions: regular
engagement in unilateral overhead sports or professional activities, previous shoulder
surgery, history of systemic disease or neuromuscular disorder, limited cervical motion,
fracture of the upper limb, leg length discrepancy, deformities of the vertebral column (e.g.,

scoliosis), and body mass index (BMI) equal or greater than 29.9 (obesity). Obesity would
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make it difficult to identify body landmarks by means of palpation. Subjects were also
excluded if they showed abnormal MRI or ultrasound images (e.g., partial rotator cuff tears)
in their asymptomatic shoulder (symptomatic group) or shoulders (asymptomatic group) and
if they complained of bilateral shoulder pain or pain that was triggered by provocative
maneuvers at the neighboring anatomic regions (e.g., cervical spine) during physical
examination (Manske & Ellenbecker, 2013).

Instruments

A digital Vernier caliper with an accuracy of 0.0lmm (Mitotuyo Company,Japan),a
goniometer (Lafayette Company, USA) and lkg weight were used in this study.

Raters

Two physical therapists with 10 years of clinical experience in the assessment and
intervention of musculoskeletal conditions of the upper body quadrant performed all
measurements. Before study initiation, they underwent familiarization with the standardized
measurement procedures of the study and took a practice trial on 10 subjects for over
approximately 2 hours. The outcomes of the two independent raters were used to test inter-
rater reliability. For the intra-rater reliability component of the study, one of the examiners
repeated the test 30 minutes later.

Procedures

Each rater identified and marked the spinous process of the 7™ thoracic vertebra (T7).
This started by identifying the spinous process of the 7™ cervical vertebra (C7) as described
by da Costa, et al. (2010). After identifying C7, raters palpated the spinous processes of the
vertebrae down to T7 and then marked it with a tag. Then, they measured the distance
between the inferior angle of the scapulae and the spinous process of T7 in 3 different arm
positions. The first position was with the arms by the side. The second was with the subject’s
hands on the hips, and the third was with the arms elevated to 90° of shoulder abduction in
scaption with maximal internal rotation and 1kg load hold in their hands (Figure 1). The

order of measurements considering side, arm positions and raters was randomized.
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Figure 1: Three positions of the MLSST

To measure the scaption angle (40° from the frontal plane), we set the fixed
goniometer arm on the body axis in the frontal plane and put the axis of one goniometer on
the acromion tip and the mobile arm parallel to subject arm axis. Since there may be some
differences in subjects’ upper extremity length, we extended the extendable mobile arm of
the goniometer up to the wall and marked it with a cross. This was performed separately at
90° of scaption in both upper extremities. All subjects were asked to keep their fingertips in

line with the marked wall cross during measurement capture (Figure2).

Figur'ZJ: 90° of scaption
All measurements were captured bilaterally in less than 60 seconds. Subjects were given as
much rest time between measurements as they required. No more than 30 seconds was
generally necessary. The caliper was set to zero by an independent researcher after each
measurement in order to secure raters’ blinding to the measurement values. When one
examiner obtained a complete set of measurements on a subject, the tags marking the spinous

process were removed. Skin movement distortion was a concern, hence, a method
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recommended by the International Society for the Advancement of Kinanthropometry (ISAK,
2001), whereby the landmark is identified, skin released and relocated, marked then
rechecked for skin displacement was used to reduce measurement error potentially related to
markers positioning. The same procedures were repeated with the other rater. The interval
time between raters’ measurements was 2 minutes.

The Visual Analog scale (VAS) was used to assess the severity of shoulder pain at
rest and during the MLSST (Jensen et al., 1986). To qualify pain, metric 0 was set as equal to

no pain, whereas 10 meant worst pain ever felt.

Data Analysis
All data were analyzed using SPSS version 17 for Windows (SPSS Inc., Chicago,

Ilinois, USA). Descriptive statistics are reported as mean and standard deviation (SD) unless
otherwise stated.

Reliability and agreement properties

Two models of intraclass correlation coefficients (ICC), were used to examine the
intra- and inter-rater reliability of the MLSST, respectively ICC,; and ICCj; ;. Using SPSS
software, ICC,,; was computed by selecting the options 2-way random, single measure, and
absolute agreement, and ICCs; by selecting average measure, and absolute agreement.

Standard error of the measurement (1SEM or simply SEM), two-standard error of the
measurement (2SEM = 2SD* vI-1CC ) and minimal detectable change with 95%

confidence intervals (MDCyso, = SEM*1.96 * -*/E) were calculated in the 3 different arm
testing positions (Weir, 2005). The ICCs were classified as follow: <0.69, poor correlation;
0.70-0.79, fair correlation; 0.80-0.89 good correlation; 0.90-1.00 high correlation (Blesh,
1974). 1SEM and 2SEM were calculated from the two ICC models used in this study, ICC,
and ICC; j, respectively. With 1SEM clinicians may be 68% certain that the true
measurement value lies within its value. 2SEM provides the clinician with 95% of confidence
(McKenna et al., 2004). Reliability was calculated based on 25 symptomatic shoulders and
25 asymptomatic shoulders in the symptomatic group and 50 asymptomatic shoulders in the
asymptomatic group, separately.

Diagnostic accuracy

For estimation of the diagnostic accuracy of the MLSST, a side to side difference
greater than 1.5cm was the criterion used to consider asymmetry (Kibler, 1998). Sensitivity,

specificity, positive and negative likelihood ratios were computed in 25 symptomatic
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shoulders and 25 asymptomatic shoulders in the symptomatic group and 50 asymptomatic

shoulder in the asymptomatic group, separately (Fritz & Wainner, 2001).

RESULTS

Subjects

Thirty asymptomatic subjects (n = 30) volunteered to participate in the study,
however, 5 were excluded due to the presence of spinal misalignments (n = 3) and partial
rotator cuff tears (n = 2). The final sample was then composed by 25 asymptomatic subjects
(40£2.1years). The symptomatic group consisted of 25 subjects (42+2.7 years) diagnosed by
the orthopedic surgeon as having unilateral subacromial pain syndrome both on clinical
presentation and confirmed by diagnostic imaging. The mean pain score at rest was 3+0.4
and 540.3 during MLSST. Socio-demographic characteristics of the sample are summarized
in Table 1.

Reliability and agreement properties

The intra- and inter -rater ICCs were good to high in both asymptomatic and
symptomatic groups (Tables 2 and 3). Intra- and inter-rater agreement estimations (SEM and
MDCysy, values) were notably low in the symptomatic group, with the positions arms by the
side (P1) and hands on hips (P2) showing the narrower estimative. The 2SEM results,
according to ICC,,;, ranged from 0.44 cm to 1.10 cm for asymptomatic group and from 0.48
cm to 1.06 cm for the symptomatic group.

Diagnostic accuracy

The sensitivity of the MLSST at all arm positions varied between 11% and 30%,
whereas the specificity was relatively high (80%—-95%). Positive likelihood ratio ranged from
1.07 to 5.5 and negative likelihood ratio from 0.84 to 1.11. Individual values per rater and

testing positions are shown in Table 4.

DISCUSSION

This study found good to high intra- and inter-rater reliability of the MLSST in both
subjects with and without shoulder symptoms and pathology. Furthermore, the intra- and
inter-rater SEM and MDCosy, of the MLSST appear to be sufficiently narrow in all testing
positions, suggesting reasonable agreement for its use in clinical practice.

The SEMs estimated in this study (< 0.56cm) were, in general, lower than those

estimated by others that have also investigated the 90° of shoulder abduction in scaption test
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position [da Costa, et al. (2010) SEM < 1.17 cm and Shadmehr, et al. (2014) SEM < 1.09

cm]. This suggests a better precision, possibly related to instrumentation, caliper [this and

Shadmehr et al.’s (2014) study] versus palpation meter (da Costa et al., 2010), explaining the

overall improvement in reliability. There are other simple instruments in the literature that
have also shown low measurement error when measuring scapular position, such as
specialized wooden instruments (Plafcan et al., 1997) or scoliometers (Curtis & Roush,
2006). However, which instrument offers the best measurement quality to assess scapular
position at the lowest cost is currently unknown and deserves to be investigated in the future.

In addition to the instrumentation factor, the relatively low SEMs observed in this

study at 90° of shoulder abduction in scaption were possibly related with the 1kg load added

to the subjects’ hands. It has been shown that increasing loads to the 90° of shoulder

abduction in scaption position reduces measurement error and improves reliability (Shadmehr

et al., 2014). Since this study was not intended to measure and compare loaded and unloaded

conditions in the 90° of shoulder abduction in scaption position such justification can only be

speculative at the moment but should be clarified in the future. It is particularly important for
this to be investigated in symptomatic populations because increased neuromuscular drive
and coordination of the scapular muscles are unlikely to be the same in symptomatic and
asymptomatic populations (Shadmehr et al., 2014). Moreover, optimal secure loads have not
been established for populations with shoulder pathology. Further research into these topics is
therefore warranted.

A more prominent inferior angle of the scapula when the arm is moved in scaption,

rather than in the coronal plane, may be another reason why reliability in this and another

study (Shadmehr et al., 2014) was greater compared to other studies using the 90° of arm

elevation position (Gibson et al., 1995; Odom et al., 2001; Struyf et al., 2009; Shadmehr et
al., 2010; Ozunlu et al., 2011). When the plane of arm elevation is closer to the sagittal plane
(e.g., the scapular plane), for the same degree of arm elevation the scapula tends to be in a
more anteriorly tilted position (Chu et al., 2012; Roren et al., 2015), making it easier to track
and palpate its inferior angle. Other factors that may have had some influence on this are
training and expertise of the raters (Lluch et al., 2014) and low to moderate thickness of the
subcutaneous tissue of the subjects (Lewis et al., 2002), estimated by means of BMI in this

study.
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The observed 2SEM and MDCoysy, in our study was within the 1.5cm threshold which
may suggest that the cut off recommended by Kibler (1998) to differentiate between normal
and abnormal scapular asymmetry was optimal to test the diagnostic accuracy of the MLSST.
Using that diagnostic criterion, the MLSST showed low sensitivity, high specificity and poor
positive and negative likelihood ratios (Table 4). These findings indicate that, although
reliability and agreement parameters of the MLLST may be reasonably robust to identify
possible asymmetries, it is unlikely that this test is capable of differentiating between subjects
with and without shoulder symptoms or determining the risk of predisposition to pathology.
Previous studies reporting the diagnostic accuracy of the LSST had similar conclusions. In a

sample composed by 20 subjects being treated for shoulder impairments and 26 subjects

without shoulder impairments, Odom, et al. (2001) reported low sensitivity (28%—53%) and
specificity (34%—-56%) of the LSST. Shadmebhr, et al. (2010) in a study conducted in 27
subjects with and 30 subjects without shoulder pain, verified high sensitivity (80%—-96%),

low specificity (4%—-26%) and poor positive (0.94—1.22) and negative (0.21-2.5) likelihood

ratios of the LSST. Differences in samples characteristics, instruments used, modified versus
traditional LSST, and training of raters may explain some of the dissimilarities in the
measures of accuracy among studies.

It seems plausible that the low diagnostic ability of the (M)LSST found in this and
other studies (Odom et al., 2001; Shadmehr et al., 2010) could be related to the fact that
asymmetrical scapular position between sides may be a normal finding in both symptomatic
and asymptomatic populations, posing difficulties in establishing a robust threshold value for
diagnostic purposes (Uhl et al., 2009; Seitz et al., 2012b; Morais & Pascoal, 2013;

Hosseinimehr et al., 2015). Additionally, there is a general belief among clinicians that pain,

particularly pain as significant as in this sample (VAS 3-5), may contribute to muscle

imbalances of the shoulder-neck region and to altered kinematic patterns of the scapula,
further aggravating asymmetry between sides during arm elevation (Kibler, 1998; Roche et
al., 2015). However, not all patients with shoulder symptoms may develop asymmetric
scapular position and motion (Uhl et al., 2009), presumably because each individual may
develop a protective motor strategy and adaptation (e.g., co-contraction of agonist-antagonist
muscles, or increased activity of synergistic muscles) to pain provocation movements that is

unique based on experience, anthropometrics, posture or task (Hodges, 2011). As patients in
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these study were engaged at different stages of a rehabilitation program that included motor
control exercises of the scapula, postural correction and conditioning of the scapular muscles,
it is likely that diagnostic accuracy measures might have been influenced by the effects of
therapy on scapular position and motion on those patients who were in a more advanced
stage. Longitudinal research is needed to more definitely discern the clinical value of side to
side differences in scapular position and motion to identify patients at risk of developing or
perpetuating shoulder pathology and symptoms. In addition, further exploratory research is
recommended to understand whether scapular asymmetry detected during MLSST positions
are, for instance, related with pathomechanics of the glenohumeral joint region, such as
compression and friction of the rotator cuff tendons against the acromial arch, and pain.

Some authors have proposed that scapular position influences the subacromial space (Solem-
Bertoft et al., 1993; Silva et al., 2010), yet no clear picture exists on this subject. While some
authors reported decrease in acromio-humeral distance (AHD) in subjects with scapular
dyskinesis (Silva et al., 2010), others found no link between observed scapular dyskinesis and
AHD (Seitz et al., 2012a). Therefore, combining linear measurements of the scapular position
with ultrasonography of the glenohumeral region and 3-dimensional shoulder kinematics in
subjects with and without complains of subacromial pain would be decisive in future research
to help clarifying the value of the MLSST.

There are some limitations in this study that must be acknowledged. The MLLST is a
simple clinical measure that may only assess scapular positioning in one or two planes at
most. However, scapular position alterations in patients with shoulder pain and pathology are
highly variable and multidirectional (Ratcliffe et al., 2013), hence, possible side to side
scapular asymmetries in several patients in this study may not have been detected by the
MLSST, lowering diagnostic accuracy measures. Methodologies that use three-dimensional
analysis of bilateral scapular position and orientation are preferable to detect asymmetry (Uhl
et al., 2009). Blinding raters to the subject group identity is recommended in diagnostic
accuracy studies (Bossuyt et al., 2003). But because the asymptomatic group of subjects had
no pain on testing and the symptomatic group did, raters may have been aware of subject
group identity, thus their expectations may have influenced their judgment and measurement
skills. Nevertheless, reliability and agreement measures were not noticeably different
between symptomatic and asymptomatic groups, thus the impact on diagnostic accuracy
measures might have been negligible. Two trained and experienced raters collected the data
in this study; therefore, reliability of the technique cannot be extrapolated to less experienced

clinicians conducting MLSST. Finally, the present study was conducted on non-athletic
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individuals, who may have less muscle bulk when compared to the athletic population, and
on patients who reported difficulties holding static positions with loading due to pain.
Therefore, these factors do not allow direct generalization of findings to athletic populations

with shoulder symptoms.

CONCLUSION

The MLSST had good reliability and agreement properties to assess scapular
position in both groups. However, no test position had clinical utility as a diagnostic criterion

for shoulder pathology.

REFERENCES
Blesh, T. Measurement in physical education: New York, NY: The Ronald Press Co, 1974.

Borstad, JD. Resting position variables at the shoulder: evidence to support a posture-
impairment association. Phys Ther 2006; 86(4): 549-57.

Bossuyt, PM, Reitsma, JB, Bruns, DE, Gatsonis, CA, Glasziou, PP, Irwig, LM, Moher, D,
Rennie, D, De Vet, HC, Lijmer, JG. The STARD statement for reporting studies of
diagnostic accuracy: explanation and elaboration. Annals of internal medicine 2003; 138(1):
WI1-12.

Chu, Y, Akins, J, Lovalekar, M, Tashman, S, Lephart, S, Sell, T. Validation of a video-based
motion analysis technique in 3-D dynamic scapular kinematic measurements. Journal of
biomechanics 2012; 45(14): 2462-2466.

Curtis, T, Roush, JR. The Lateral Scapular Slide Test: A Reliability Study of Males with and
without Shoulder Pathology. North American Journal of Sports Physical Therapy : NAJSPT
2006; 1(3): 140-146.

da Costa, BR, Armijo-Olivo, S, Gadotti, I, Warren, S, Reid, DC, Magee, DJ. Reliability of
scapular positioning measurement procedure using the Palpation Meter (PALM).
Physiotherapy 2010; 96(1): 59-67.

Fritz, JM, Wainner, RS. Examining diagnostic tests: an evidence-based perspective. Physical
Therapy 2001; 81(9): 1546-1564.

Gibson, MH, Goebel, GV, Jordan, TM, Kegerreis, S, Worrell, TW. A reliability study of
measurement techniques to determine static scapular position. J Orthop Sports Phys Ther

1995; 21(2): 100-6.



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

Giphart, JE, Brunkhorst, JP, Horn, NH, Shelburne, KB, Torry, MR, Millett, PJ. Effect of
Plane of Arm Elevation on Glenohumeral Kinematics. The Journal of Bone & Joint Surgery
2013; 95(3): 238-245.

Hebert, LJ, Moffet, H, McFadyen, BJ, Dionne, CE. Scapular behavior in shoulder
impingement syndrome. Arch Phys Med Rehabil 2002; 83(1): 60-9.

Hodges, PW. Pain and motor control: From the laboratory to rehabilitation. J Electromyogr
Kinesiol 2011; 21(2): 220-8.

Hosseinimehr, SH, Anbarian, M, Norasteh, AA, Fardmal, J, Khosravi, MT. The comparison
of scapular upward rotation and scapulohumeral rhythm between dominant and non-
dominant shoulder in male overhead athletes and non-athletes. Man Ther 2015; 20(6): 758-
62.

ISAK. International Standards for Anthropometric Assessment Underdale, SA, Australia:
The International Society for the Advancement of Kinanthropometry, 2001;

Jensen, MP, Karoly, P, Braver, S. The measurement of clinical pain intensity: a comparison
of six methods. Pain 1986; 27(1): 117-126.

Kawasaki, T, Yamakawa, J, Kaketa, T, Kobayashi, H, Kaneko, K. Does scapular dyskinesis
affect top rugby players during a game season? Journal of Shoulder and Elbow Surgery 2012;
21(6): 709-714.

Kebaetse, M, McClure, P, Pratt, NA. Thoracic position effect on shoulder range of motion,
strength, and three-dimensional scapular kinematics. Archives of physical medicine and
rehabilitation 1999; 80(8): 945-950.

Kibler, WB. The role of the scapula in athletic shoulder function. The American journal of
sports medicine 1998; 26(2): 325-337.

Kibler, WB, Ludewig, PM, McClure, PW, Michener, LA, Bak, K, Sciascia, AD, Ebaugh, D,
Ludewig, P, Kuhn, J, McClure, P. Clinical implications of scapular dyskinesis in shoulder
injury: the 2013 consensus statement from the ‘scapular summit’. British journal of sports
medicine 2013: bjsports-2013-092425.

Kibler, WB, McMullen, J. Scapular dyskinesis and its relation to shoulder pain. Journal of the
American Academy of Orthopaedic Surgeons 2003; 11(2): 142-151.

Kibler, WB, Sciascia, A, Dome, D. Evaluation of apparent and absolute supraspinatus
strength in patients with shoulder injury using the scapular retraction test. The American

journal of sports medicine 2006; 34(10): 1643-1647.



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

Klintberg, IH, Cools, A, Holmgren, TM, Holzhausen, A-CG, Johansson, FR, Maenhout, A,
Moser, J, Spunton, V, Ginn, K. Consensus for physiotherapy for shoulder pain. International
Orthopaedics 2015; 39(4): 715-720.

Koslow, PA, Prosser, LA, Strony, GA, Suchecki, SL, Mattingly, GE. Specificity of the lateral
scapular slide test in asymptomatic competitive athletes. J Orthop Sports Phys Ther 2003;
33(6): 331-6.

Kottner, J, Gajewski, BJ, Streiner, DL. Guidelines for reporting reliability and agreement
studies (GRRAS). International journal of nursing studies 2011; 48(6): 659-660.

Lewis, J, Green, A, Reichard, Z, Wright, C. Scapular position: the validity of skin surface
palpation. Man Ther 2002; 7(1): 26-30.

Lluch, E, Benitez, J, Duefias, L, Casana, J, Alakhdar, Y, Nijs, J, Struyf, F. The Shoulder
Medial Rotation Test: An Intertester and Intratester Reliability Study in Overhead Athletes
With Chronic Shoulder Pain. Journal of Manipulative and Physiological Therapeutics 2014;
37(3): 198-205.

Ludewig, PM, Reynolds, JF. The association of scapular kinematics and glenohumeral joint
pathologies. journal of orthopaedic & sports physical therapy 2009; 39(2): 90-104.
Lukasiewicz, AC, McClure, P, Michener, L, Pratt, N, Sennett, B. Comparison of 3-
dimensional scapular position and orientation between subjects with and without shoulder
impingement. Journal of Orthopaedic & Sports Physical Therapy 1999; 29(10): 574-586.
Manske, R, Ellenbecker, T. Currente concepts in shoulder examination of the overhead
athlete. The International Journal of Sports Physical Therapy 2013; 8(5): 554-578.
McClure, P, Tate, AR, Kareha, S, Irwin, D, Zlupko, E. A Clinical Method for Identifying
Scapular Dyskinesis, Part 1: Reliability. Journal of Athletic Training 2009; 44(2): 160-164.
McKenna, L, Cunningham, J, Straker, L. Inter-tester reliability of scapular position in junior
elite swimmers. Physical Therapy in Sport 2004; 5(3): 146-155.

Morais, NV, Pascoal, AG. Scapular positioning assessment: Is side-to-side comparison
clinically acceptable? Manual therapy 2013; 18(1): 46-53.

Mueller, AM, Entezari, V, Rosso, C, McKenzie, B, Hasebrock, A, Cereatti, A, Della Croce,
U, DeAngelis, JP, Nazarian, A, Ramappa, AJ. The effect of simulated scapular winging on
glenohumeral joint translations. Journal of Shoulder and Elbow Surgery 2013; 22(7): 986-
992.

Nijs, J, Roussel, N, Vermeulen, K, Souvereyns, G. Scapular positioning in patients with
shoulder pain: a study examining the reliability and clinical importance of 3 clinical tests.

Archives of physical medicine and rehabilitation 2005; 86(7): 1349-1355.



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

Odom, CJ, Taylor, AB, Hurd, CE, Denegar, CR. Measurement of scapular asymetry and
assessment of shoulder dysfunction using the Lateral Scapular Slide Test: a reliability and
validity study. Phys Ther 2001; 81(2): 799-809.

Ozunlu, N, Tekeli, H, Baltaci, G. Lateral Scapular Slide Test and Scapular Mobility in
Volleyball Players. Journal of Athletic Training 2011; 46(4): 438-444.

Plafcan, DM, Turczany, PJ, Guenin, BA, Kegerreis, S, Worrell, TW. An objective
measurement technique for posterior scapular displacement. J Orthop Sports Phys Ther 1997;
25(5): 336-41.

Ratcliffe, E, Pickering, S, McLean, S, Lewis, J. Is there a relationship between subacromial
impingement syndrome and scapular orientation? A systematic review. British Journal of
Sports Medicine 2013.

Roche, SJ, Funk, L, Sciascia, A, Kibler, WB. Scapular dyskinesis: the surgeon’s perspective.
Shoulder & Elbow 2015; 7(4): 289-297.

Roren, A, Lefevre-Colau, M-M, Poiraudeau, S, Fayad, F, Pasqui, V, Roby-Brami, A. A new
description of scapulothoracic motion during arm movements in healthy subjects. Manual
Therapy 2015; 20(1): 46-55.

Seitz, AL, McClure, PW, Lynch, SS, Ketchum, JM, Michener, LA. Effects of scapular
dyskinesis and scapular assistance test on subacromial space during static arm elevation.
Journal of Shoulder and Elbow Surgery 2012a; 21(5): 631-640.

Seitz, AL, Reinold, M, Schneider, RA, Gill, TJ, Thigpen, C. No effect of scapular position on
3-dimensional scapular motion in the throwing shoulder of healthy professional pitchers.
Journal of sport rehabilitation 2012b; 21(2): 187.

Shadmehr, A, Azarsa, MH, Jalaie, S. Inter-and Intrarater Reliability of Modified Lateral
Scapular Slide Test in Healthy Athletic Men. BioMed research international 2014; 2014.
Shadmehr, A, Bagheri, H, Ansari, NN, Sarafraz, H. The reliability measurements of lateral
scapular slide test at three different degrees of shoulder joint abduction. British journal of
sports medicine 2010; 44(4): 289-293.

Silva, RT, Hartmann, LG, Laurino, CF, Bilo, JP. Clinical and ultrasonographic correlation
between scapular dyskinesia and subacromial space measurement among junior elite tennis
players. Br J Sports Med 2010; 44(6): 407-10.

Solem-Bertoft, E, Thuomas, KA, Westerberg, CE. The influence of scapular retraction and
protraction on the width of the subacromial space. An MRI study. Clin Orthop Relat Res
1993; (296): 99-103.



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

Struyf, F, Nijs, J, De Coninck, K, Giunta, M, Mottram, S, Meeusen, R. Clinical assessment of
scapular positioning in musicians: an intertester reliability study. Journal of athletic training
2009; 44(5): 519.

Uhl, TL, Kibler, WB, Gecewich, B, Tripp, BL. Evaluation of clinical assessment methods for
scapular dyskinesis. Arthroscopy: The Journal of Arthroscopic & Related Surgery 2009;
25(11): 1240-1248.

Weir, JP. Quantifying test-retest reliability using the intraclass correlation coefficient and the

SEM. The Journal of Strength & Conditioning Research 2005; 19(1): 231-240.

Table 1: Demographic data of participants

Demographic data Symptomatic group (n = 25) Asymptomatic group (n=25)
Mean (SD) Mean (SD)

Age (years) 42 (2.7) 40 (2.1)

Gender 12 male, 13 female 15 male, 10 female

Body mass index (kg/m?) |26.8 27.0

Table 2: Intra- and inter-rater ICCs,,;, SEMs, and MDCosy, in asymptomatic (n = 50

shoulders) and symptomatic subjects (n = 25 symptomatic shoulders, n = 25 asymptomatic

shoulders)

Intra Rater Reliability Inter Rater Reliability

SEM 2SEM MDCos 2SEM MDCgse,
Position | Side ICC (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
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P1 D 0.90 | 0.36 0.72 1.00 0.96 0.23 0.46 0.63
ND 0.89 | 0.32 0.64 0.89 0.95 0.22 0.44 0.60
P2 D 0.93 | 0.31 0.62 0.85 0.94 0.28 0.56 0.79
ND 0.93 | 0.31 0.62 0.86 0.96 0.24 0.48 0.65
P3 D 0.86 | 0.55 1.10 1.52 0.91 0.44 0.88 1.22
ND 0.82 | 0.51 1.02 1.41 0.92 0.34 0.68 0.94
Intra Rater Reliability Inter Rater Reliability

SEM 2SEM MDCos¢ 2SEM MDCgs¢
Position | Side ICC (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
P1 S 0.88 | 0.34 0.68 0.95 0.94 0.24 0.48 0.67
AS 0.89 | 0.30 0.60 0.84 0.92 0.26 0.52 0.72
P2 S 0.90 | 047 0.94 1.29 0.89 0.49 0.98 1.36
AS 0.91 | 0.37 0.74 1.03 0.94 0.30 0.60 0.84
P3 S 0.81 | 0.53 1.06 1.46 0.88 0.42 0.84 1.16
AS 0.88 | 0.41 0.82 1.14 0.91 0.36 0.72 0.99

Abbreviations: D = dominant, ND = non nominant, S = symptomatic, AS = asymptomatic, P1 = arms by the side, P2 =

hands on hips, P3 =90 ° of abduction in scaption with1 kg load, SEM = standard error of the measurement, ICC = intraclass

correlation coefficient, MDCys,, = minimal detectable change with 95% confidence in

Table 3: Intra- and inter-rater ICCs; ;, SEMs, and MDCosy, in asymptomatic (n = 50

shoulders) and symptomatic subjects (n = 25 symptomatic shoulders, n = 25 asymptomatic

shoulders).
Intra Rater Reliability Inter Rater Reliability
SEM 2SEM MDCgsv 2SEM MDCagsv,
Position | Side ICC | (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
P1 D 0.92 | 0.32 0.64 0.90 0.97 0.20 0.40 0.55
ND 0.90 | 0.31 0.62 0.85 0.96 0.19 0.38 0.54
P2 D 0.96 | 0.23 0.46 0.64 0.95 0.26 0.52 0.72
ND 0.94 | 0.29 0.58 0.80 0.97 0.20 0.40 0.56
P3 D 0.88 | 0.51 1.02 1.41 0.93 0.39 0.78 1.08
ND 0.83 | 0.49 0.98 1.37 0.94 0.29 0.58 0.81
Intra Rater Reliability Inter Rater Reliability
SEM 2SEM MDCose 2SEM MDCgs¢
Position | Side ICC | (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
P1 S 0.90 | 0.31 0.62 0.86 0.96 0.20 0.40 0.55
AS 0.91 | 0.28 0.56 0.76 0.93 0.24 0.48 0.67
P2 S 0.92 | 042 0.84 1.16 0.90 0.47 0.94 1.29
AS 0.93 | 0.33 0.66 0.91 0.95 0.28 0.56 0.77
P3 S 0.83 | 0.50 1.00 1.38 0.90 0.38 0.76 1.06
AS 0.90 | 0.38 0.76 1.04 0.92 0.34 0.68 0.93




Abbreviations: D = dominant, ND = non nominant, S = symptomatic, AS = asymptomatic, P1 = arms by the side, P2 =
hands on hips, P3 =90 ° of abduction in scaption with1 kg load, SEM = standard error of the measurement, ICC = intraclass

correlation coefficient, MDCyso, = minimal detectable change with 95% confidence intervals
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Table 4: Sensitivity, specificity, positive and negative likelihood ratios of the MLLST

considering a side to side difference of 1.5 cm as threshold value to diagnose ‘scapular

asymmetry’ (asymptomatic group, n=25; symptomatic group, n=25).

Position | Sensitivity Specificity Positive likelihood ratio | Negative likelihood ratio
Raterl Rater2 Rater1 Rater2 Raterl Rater2 Raterl Rater2

P1 15% 23% 86% 95% 1.07 4.6 0.98 0.81

P2 15% 11% 86% 80% 1.07 5.5 0.98 1.11

P3 23% 30% 91% 81% 2.55 1.57 0.84 0.86

Abbreviations: P1 = arms by the side, P2 = hands on hips, P3 = 90 ° of abduction in scaption with1 kg load
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Table 1: Demographic data of participants

Demographic data

Symptomatic group (n = 25)

Asymptomatic group (n=25)

Mean (SD) Mean (SD)
Age (years) 42 (2.7) 40 (2.1)
Gender 12 male, 13 female 15 male, 10 female
Body mass index (kg/m?) |26.8 27.0

Table 2: Intra- and inter-rater ICCs,,;, SEMs, and MDCysy, in asymptomatic (n = 50 shoul-

ders) and symptomatic subjects (n = 25 symptomatic shoulders, n = 25 asymptomatic shoul-

ders)

Intra Rater Reliability

Inter Rater Reliability

SEM 2SEM MDCos 2SEM MDCgs¢
Position | Side ICC (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
P1 D 0.90 | 0.36 0.72 1.00 0.96 0.23 0.46 0.63
ND 0.89 | 0.32 0.64 0.89 0.95 0.22 0.44 0.60
P2 D 0.93 | 0.31 0.62 0.85 0.94 0.28 0.56 0.79
ND 0.93 | 0.31 0.62 0.86 0.96 0.24 0.48 0.65
P3 D 0.86 | 0.55 1.10 1.52 0.91 0.44 0.88 1.22
ND 0.82 | 0.51 1.02 1.41 0.92 0.34 0.68 0.94

Intra Rater Reliability Inter Rater Reliability

SEM 2SEM MDCosq, 2SEM MDCogsq,
Position | Side ICC (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
P1 S 0.88 | 0.34 0.68 0.95 0.94 0.24 0.48 0.67
AS 0.89 | 0.30 0.60 0.84 0.92 0.26 0.52 0.72
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P2 S 0.90 | 047 0.94 1.29 0.89 0.49 0.98 1.36
AS 0.91 | 0.37 0.74 1.03 0.94 0.30 0.60 0.84
P3 S 0.81 | 0.53 1.06 1.46 0.88 0.42 0.84 1.16
AS 0.88 | 0.41 0.82 1.14 0.91 0.36 0.72 0.99

Abbreviations: D = dominant, ND = non nominant, S = symptomatic, AS = asymptomatic, P1 = arms by the side, P2 =

hands on hips, P3 =90 ° of abduction in scaption with1 kg load, SEM = standard error of the measurement, ICC = intraclass

correlation coefficient, MDCyso, = minimal detectable change with 95% confidence in

Table 3: Intra- and inter-rater ICCs; ;, SEMs, and MDCysy, in asymptomatic (n = 50 shoul-

ders) and symptomatic subjects (n = 25 symptomatic shoulders, n = 25 asymptomatic shoul-

ders).
Intra Rater Reliability Inter Rater Reliability
SEM 2SEM MDCose 2SEM MDCgys¢
Position | Side ICC | (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
P1 D 0.92 | 0.32 0.64 0.90 0.97 0.20 0.40 0.55
ND 0.90 | 0.31 0.62 0.85 0.96 0.19 0.38 0.54
P2 D 0.96 | 0.23 0.46 0.64 0.95 0.26 0.52 0.72
ND 0.94 | 0.29 0.58 0.80 0.97 0.20 0.40 0.56
P3 D 0.88 | 0.51 1.02 1.41 0.93 0.39 0.78 1.08
ND 0.83 | 0.49 0.98 1.37 0.94 0.29 0.58 0.81
Intra Rater Reliability Inter Rater Reliability
SEM 2SEM MDCos¢ 2SEM MDCos¢
Position | Side ICC | (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
P1 S 0.90 | 0.31 0.62 0.86 0.96 0.20 0.40 0.55
AS 0.91 | 0.28 0.56 0.76 0.93 0.24 0.48 0.67
P2 S 0.92 | 042 0.84 1.16 0.90 0.47 0.94 1.29
AS 0.93 | 0.33 0.66 0.91 0.95 0.28 0.56 0.77
P3 S 0.83 | 0.50 1.00 1.38 0.90 0.38 0.76 1.06
AS 0.90 | 0.38 0.76 1.04 0.92 0.34 0.68 0.93

Abbreviations: D = dominant, ND = non nominant, S = symptomatic, AS = asymptomatic, P1 = arms by the side, P2 =

hands on hips, P3 = 90 ° of abduction in scaption with1 kg load, SEM = standard error of the measurement, ICC = intraclass

correlation coefficient, MDCyso, = minimal detectable change with 95% confidence intervals
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Table 4: Sensitivity, specificity, positive and negative likelihood ratios of the MLLST con-

sidering a side to side difference of 1.5 cm as threshold value to diagnose ‘scapular asym-

metry’ (asymptomatic group, n=25; symptomatic group, n=25).

Position | Sensitivity Specificity Positive likelihood ratio | Negative likelihood ratio
Raterl Rater2 Raterl Rater2 Raterl Rater2 Raterl Rater2

P1 15% 23% 86% 95% 1.07 4.6 0.98 0.81

P2 15% 11% 86% 80% 1.07 5.5 0.98 1.11

P3 23% 30% 91% 81% 2.55 1.57 0.84 0.86

Abbreviations: P1 = arms by the side, P2 = hands on hips, P3 = 90 ° of abduction in scaption with1 kg load
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RESULTS
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24 Estimates of test reproducibility, if done. 8
DISCUSSION 25 Discuss the clinical applicability of the study findings. 10&11
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STROBE Strengthening the Reporting of Observational Studies in Epidemiology
http://www.equator-network.org/reporting-guidelines/strobe/

Case Reports

CARE - Case Reports - http://www.care-statement.org/downloads/CAREchecklist-
English.pdf

Statistical reporting

SAMPL - guidelines for statistical reporting — no checklist exists currently but authors
are encouraged to view the guidelines on the EQUATOR website http://www.equator-
network.org/reporting-quidelines/sampl/

Qualitative researchers might wish to consult the guideline listed below

Qualitative studies

COREQ: Consolidated criteria for reporting qualitative research (http://www.equator-
network.org/reporting-guidelines/coreq/)

Other (please give
source)

Not applicable
(please elaborate)
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Table

Table 1: Demographic data of participants

Demographic data

Symptomatic group (n = 25)
Mean (SD)

Asymptomatic group (n=25)
Mean (SD)

Age (years) 42 (2.7) 40 (2.1)
Gender 12 male, 13 female 15 male, 10 female
Body mass index (kg/m?®) |26.8 (1.2) 27.0 (1.4)

Table 2: Intra- and inter-rater ICCs,,;, SEMs, and MDCysy, in asymptomatic (n = 50 shoulders)

and symptomatic subjects (n = 25 symptomatic shoulders, n = 25 asymptomatic shoulders)

Intra Rater Reliability Inter Rater Reliability
SEM 2SEM MDCose 2SEM MDCose
Position | Side ICC (cm) (cm) (cm) ICC SEM (cm) (cm) (cm)
P1 D 0.90 | 0.36 0.72 1.00 0.96 0.23 0.46 0.63
ND 0.89 | 0.32 0.64 0.89 0.95 0.22 0.44 0.60
P2 D 0.93 | 0.31 0.62 0.85 0.94 0.28 0.56 0.79
ND 0.93 | 0.31 0.62 0.86 0.96 0.24 0.48 0.65
P3 D 0.86 | 0.55 1.10 1.52 0.91 0.44 0.88 1.22
ND 0.82 | 0.51 1.02 1.41 0.92 0.34 0.68 0.94
Intra Rater Reliability Inter Rater Reliability
SEM 2SEM MDCgsv 2SEM MDCogsv
Position | Side ICC | (cm) (cm) (cm) ICC | SEM (cm) (cm) (cm)
P1 S 0.88 | 0.34 0.68 0.95 0.94 0.24 0.48 0.67
AS 0.89 | 0.30 0.60 0.84 0.92 0.26 0.52 0.72
P2 S 0.90 | 047 0.94 1.29 0.89 0.49 0.98 1.36
AS 091 | 0.37 0.74 1.03 0.94 0.30 0.60 0.84
P3 S 0.81 | 0.53 1.06 1.46 0.88 0.42 0.84 1.16
AS 0.88 | 0.41 0.82 1.14 0.91 0.36 0.72 0.99

Abbreviations: D = dominant, ND = non nominant, S = symptomatic, AS = asymptomatic, P1 = arms by the side, P2 = hands on
hips, P3 =90 ° of abduction in scaption with1 kg load, SEM = standard error of the measurement, ICC = intraclass correlation

coefficient, MDCyso, = minimal detectable change with 95% confidence in



Table 3: Intra- and inter-rater ICCs;;, SEMs, and MDCysy, in asymptomatic (n = 50 shoulders)

and symptomatic subjects (n = 25 symptomatic shoulders, n = 25 asymptomatic shoulders).

Intra Rater Reliability Inter Rater Reliability
SEM 2SEM MDCose 2SEM MDCose
Position | Side ICC (cm) (cm) (cm) ICC SEM (cm) (cm) (cm)
P1 D 0.92 | 0.32 0.64 0.90 0.97 0.20 0.40 0.55
ND 0.90 | 0.31 0.62 0.85 0.96 0.19 0.38 0.54
P2 D 0.96 | 0.23 0.46 0.64 0.95 0.26 0.52 0.72
ND 0.94 | 0.29 0.58 0.80 0.97 0.20 0.40 0.56
P3 D 0.88 | 0.51 1.02 1.41 0.93 0.39 0.78 1.08
ND 0.83 | 0.49 0.98 1.37 0.94 0.29 0.58 0.81
Intra Rater Reliability Inter Rater Reliability
SEM 2SEM MDCoys¢ 2SEM MDCgse
Position | Side ICC (cm) (cm) (cm) ICC SEM (cm) (cm) (cm)
P1 S 0.90 | 0.31 0.62 0.86 0.96 0.20 0.40 0.55
AS 091 | 0.28 0.56 0.76 0.93 0.24 0.48 0.67
P2 S 0.92 | 042 0.84 1.16 0.90 0.47 0.94 1.29
AS 0.93 | 0.33 0.66 0.91 0.95 0.28 0.56 0.77
P3 S 0.83 | 0.50 1.00 1.38 0.90 0.38 0.76 1.06
AS 0.90 | 0.38 0.76 1.04 0.92 0.34 0.68 0.93

Abbreviations: D = dominant, ND = non dominant, S = symptomatic, AS = asymptomatic, P1 = arms by the side, P2 = hands on
hips, P3 =90 ° of abduction in scaption with1 kg load, SEM = standard error of the measurement, ICC = intraclass correlation

coefficient, MDCyso, = minimal detectable change with 95% confidence intervals



Table 4: Sensitivity, specificity, positive and negative likelihood ratios of the MLLST
considering a side to side difference of 1.5 cm as threshold value to diagnose ‘scapular

asymmetry’ (asymptomatic group, n=25; symptomatic group, n=25).

Position | Sensitivity Specificity Positive likelihood ratio | Negative likelihood ratio
Raterl Rater2 Raterl Rater2 Raterl Rater2 Raterl Rater2

P1 15% 23% 86% 95% 1.07 4.6 0.98 0.81

P2 15% 11% 86% 80% 1.07 5.5 0.98 1.11

P3 23% 30% 91% 81% 2.55 1.57 0.84 0.86

Abbreviations: P1 = arms by the side, P2 = hands on hips, P3 = 90 ° of abduction in scaption with1 kg load



