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Background: Assessment of scapular dyskinesis (SD) is of clinical interest, as SD is believed to be related
to shoulder pathology. However, no clinical assessment with sufficient reliability to identify SD and
provide treatment strategies is available.

Objectives: The purpose of this study was to investigate the reliability of the comprehensive SD classi-
fication method.

Design: Cross-sectional reliability study.

gggmraiséysl<inesis Method: Sixty subjects with unilateral shoulder pain were evaluated by two independent physiothera-
Reliability pists with a visual-based palpation method. SD was classified as single abnormal scapular pattern

[inferior angle (pattern I), medial border (pattern II), superior border of scapula prominence or abnormal
scapulohumeral rhythm (pattern III)], a mixture of the above abnormal scapular patterns, or normal
pattern (pattern IV). The assessment of SD was evaluated as subjects performed bilateral arm raising/
lowering movements with a weighted load in the scapular plane. Percentage of agreement and kappa
coefficients were calculated to determine reliability.

Results: Agreement between the 2 independent physiotherapists was 83% (50/60, 6 subjects as pattern III
and 44 subjects as pattern IV) in the raising phase and 68% (41/60, 5 subjects as pattern I, 12 subjects as
pattern II, 12 subjects as pattern IV, 12 subjects as mixed patterns I and II) in the lowering phase. The
kappa coefficients were 0.49—0.64.

Conclusions: We concluded that the visual-based palpation classification method for SD had moderate to
substantial inter-rater reliability. The appearance of different types of SD was more pronounced in the
lowering phase than in the raising phase of arm movements.

Classification

© 2014 Elsevier Ltd. All rights reserved.

The scapula plays several roles in normal shoulder function.
First, the scapula functions as a stable part of glenohumeral artic-
ulation. Appropriate alignment of the glenoid allows a congruent
socket for the moving arm and maximizes concavity compression
for shoulder joint stability (Matsen et al., 1991). Second, the scapula
provides 3-dimensional movements in order for proper shoulder
function to occur. During arm elevation, the scapula synchronously
rotates upward, tilts posteriorly, and rotates externally to elevate
the acromion to clear the subacromial space and thus avoid
impingement (Ludewig and Cook, 2000; Neumann, 2010). Third, it
is a link in a proximal-to-distal kinetic chain stretching from the
ground, through the trunk and scapula, and to the end of the hand
(Kibler, 1998). Appropriate scapular control allows efficient energy
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and force transfer to achieve shoulder function. Failure of the
scapula to perform these roles results in insufficient physiology and
biomechanics. This insufficiency may be related to decreased
shoulder performance and shoulder injuries.

Scapular dyskinesis is defined as alteration of scapular position
and motion (Kibler et al., 2013). These include an abnormal scapula
medial border and inferior angle prominence relative to the
thoracic cage in the static position or dynamic motion, early scapula
elevation or shrugging on arm elevation, as well as excessive/
inadequate/non-smooth upward and downward rotation of the
scapula during arm elevation and lowering (McClure et al., 2009).
Scapular dyskinesis has been reported in 68%—100% of patients
with shoulder injuries, including glenohumeral instability, rotator
cuff abnormalities, and labral tears (Warner et al., 1992; Paletta
et al, 1997; Burkhart et al., 2000). Thus, scapular dyskinesis is
believed to be related to shoulder pathology.
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Methods to assess scapular dyskinesis include visual observation
(Kibler et al., 2002; McClure et al., 2009; Tate et al., 2009), corrective
maneuvers (Kibler et al., 2006; Rabin et al., 2006), measurement of
scapular displacement (Odom et al., 2001; Hong et al.,, 2011), and
complicated tools such as 3-D motion analysis systems (Ludewig and
Cook, 2000; Tate et al.,, 2009). In general, complicated motion anal-
ysis can provide more quantitative data on movements of the
scapula, whereas other measurements are practical in the clinical
setting. Measurement of scapular displacement from the trunk is a
simple and quantitative method. For example, in the lateral scapular
slide test, the scapular position is elevated and measurements taken
of the scapular distance from the inferior angle of the scapula to the
spinous process of the thoracic spine in the same horizontal line at
0°, 40°, and 90° of glenohumeral abduction in the coronal plane.
However, this method can only provide static assessment of scapular
position. Corrective maneuvers assess scapular dyskinesis with the
method of correction, such as the scapular assistance test. In this test,
the examiner corrects the abnormal scapular movement during arm
elevation for the subject. The subjective feelings of a decrease in or
absence of pain during correction indicates scapular dyskinesis
(Rabin et al., 2006). Two visual-based assessments for classifying
scapular dyskinesis have been reported (Kibler et al., 2002; McClure
et al., 2009). Based on observed specific scapula movements, Kibler
et al. (2002) classified different patterns of scapular dyskinesis and
reported fair reliability (kappa coefficient = 0.31-0.42) of the clas-
sification. Instead of using specific scapula movements, McClure et al.
(2009) classified scapular dyskinesis with the degree of observed
abnormal movements and reported moderate to substantial reli-
ability (kappa coefficient = 0.48—0.61) of the method. In view of
these studies, we wanted to use the concepts of several tests to create
a comprehensive test with sufficient reliability for identifying
appropriate treatment strategies for patients with scapular dyski-
nesis. Visual observation with palpation based on the degree of a
specific pattern of scapular dyskinesis may increase the reliability of
the method and help clinicians to identify appropriate treatment
strategies corresponding to specific types of scapular dyskinesis.

The purpose of this study was to investigate the reliability of a
comprehensive scapular dyskinesis classification test. Different
types of scapular dyskinesis were also assessed during raising and
lowering phases of arm movements separately.

1. Methods
1.1. Subjects

Sixty subjects (45 males and 15 females, age: 22.5 + 2.6) were
recruited from an outpatient clinic at a university hospital and
through local Internet media. For the study, they read and signed
the informed consent approved by the hospital institutional review
board. Subjects were included if they (1) were from 18 to 50 years
old and (2) had unilateral shoulder pain around the shoulder
complex while performing functional activities, occupational tasks,
or sports-specific movements. Subjects were excluded if they had a
history of shoulder dislocation, fracture, or shoulder surgery within
the past 1 year, or a history of direct contact injury to the neck or
upper extremities within the past 1 month. Subjects who had
scoliosis with uneven shoulder level or neurological disorders and
those who demonstrated more than mild pain (VAS > 3) during the
arm elevation in the scapular plane were also excluded.

1.2. Comprehensive scapular dyskinesis classification test
The comprehensive method combined visual observation and

palpation of the scapula during arm movements with weighted
loads to investigate the scapular patterns in the raising and

lowering phases separately. This method was modified from pre-
vious pattern and severity classification methods and added new
points (Kibler et al., 2002; McClure et al., 2009). Visual combined
palpation ratings were determined at the time of testing based on
classification of the scapular position and movement pattern into 4
main patterns (Fig. 1) (Kibler et al, 2002; Lewis et al., 2002;
McClure et al, 2009). The inferior angle of the scapula

Fig. 1. Rating of scapular dyskinesis classification test. (A) Inferior angle of scapula
(pattern I) (B) Medial border of scapula (pattern II) (C) Superior border of scapula
(pattern III) (D) Normal movement (pattern IV). The arrow indicates the relevant
characteristics specific to the pattern of scapular dyskinesis.
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Table 1
Detailed descriptions of scapular dyskinesis patterns.

Pattern Descriptions

Pattern | Inferior medial angle of the scapula is displaced
posteriorly from the posterior thorax, prominent
during dynamic observation and palpation

Pattern Il Entire medial border of the scapula is displaced
posteriorly from the posterior thorax, prominent
during dynamic observation and palpation

Pattern III Early scapular elevation or excessive/insufficient

scapular upward rotation (dysrythmia) during
dynamic observation and palpation compared to
asymptomatic side
Pattern IV (Normal) 1 No evidence of posterior displacement in
medial border/inferior angle of the scapula and
excessive/insufficient scapular movement
Minimal motion during the initial 30—60° of
scapulohumeral elevation, then smoothly and
continuously rotate upward and downward
during humeral elevation and lowering, respectively
Mixed condition of above abnormal patterns
(1. pattern I + II 2. pattern II + III 3. pattern [ + Il 4.
pattern [ + II + III)

N

Mixed patterns

prominence pattern (pattern I) indicates that the inferior angle of
the scapula is displaced posteriorly from the posterior thorax,
prominent either at rest or during dynamic movement. The medial
border of the scapula prominence pattern (pattern II) represents
that the entire medial border of the scapula is displaced posteriorly
from the posterior thorax, prominent either at rest or during dy-
namic movement. The superior border of the scapula prominence
or aberrant scapulohumeral rhythm pattern (pattern III) indicates
early elevation or excessive/insufficient movements of the scapula
during arm movements. The mixed patterns included any combi-
nation of at least 2 abnormal patterns in one subject. Pattern IV
represents normal scapular movement, defined as no evidence of
abnormality in the resting position or dynamic motions. Detailed
descriptions are provided in Table 1.

During the assessment, the normal pattern was identified by the
rater if the scapula had minimal motion during the initial 60° of
arm elevation and then smooth rotation upward during the arm
raising phase, after which the scapula smoothly rotated downward
during the arm lowering phase (McClure et al., 2009). For the
palpation, the radial hand side of the rater firmly contacted the
medial border and inferior angle of the scapula bilaterally, and the
2nd to 5th fingers were placed on the spine of the scapula with 3rd
fingertip put on root of spine of scapula (Fig. 2). With palpation
during arm elevation, the inferior angle and medial border of the
scapula were the focus of the method. If the inferior angle displaced
posteriorly from the thoracic cage at the resting position or during
arm movements, pattern [ was designated. Pattern Il was desig-
nated if the medial border of the scapula displaced posteriorly from
the thorax at the resting position or during arm movements.
Concurrently, we also observed the angle of scapular upward
rotation and distance of scapular elevation relative to the asymp-
tomatic side. If there was early scapular elevation or excessive/
insufficient scapular upward rotation between the symptomatic
and asymptomatic sides during arm movements, pattern Il was
identified. If more than two phenomena were observed, mixed
patterns were identified.

1.3. Procedures

After signing the consent form, male participants were asked to
remove their shirts, and females were asked to wear halter tops.
Subjects were instructed to practice arm elevations in the scapular

Fig. 2. Palpation method of scapular dyskinesis classification test. For the palpation,
the radial hand side of the rater firmly contacted the medial border and inferior angle
of the scapula bilaterally, and the 2nd to 5th fingers were placed on the spine of the
scapula with the 3rd fingertip on the root of the spine of the scapula.

plane following a target line and to become familiar with the tempo
of a metronome to precisely perform movements at the same pace.
Beginning in a standing position, subjects let both arms hang at the
sides of the body with the elbows straight and shoulders in neutral
position. Then subjects were asked to elevate their arms with
dumbbells in their hands with their thumbs up to the end position
over a 3-s count, and then to lower the arms to the initial position
over a 3-s count. The weight of the dumbbell in each hand was
2.3 kg (5 Ib) or 1.4 kg (3 Ib), depending on the subjects' ability to
elevate the arm without discomfort (VAS less than 3/10) during
movements. For the assessment, subjects elevated and lowered
both arms 12 times. Because palpation could not be performed by
the two raters simultaneously, we used cross-rating based on visual
observation and palpation over 12 trials to reduce the influence of
fatigue or other confounding factors during assessments. For the
cross-rating, the first rater evaluated the 1st, 3rd, 5th, 7th, 9th, and
11th trials of arm elevation, and the second rater evaluated the 2nd,
4th, 6th, 8th, 10th, and 12th trials. The subject completed one trial
at a time, and the raters would alternate for evaluation. Each rater
independently rated the testing movements without discussion. An
abnormal scapula pattern was rated if it was identified in at least 3
of 6 trials for each rater during the movements. Both raters were
physical therapists holding a Master's Degree and licensed in
Taiwan, and both had specific clinical/research experience related
to glenohumeral and/or scapulothoracic joints. In order to classify
the scapular patterns appropriately, they received 2 months of
training on identifying the scapular patterns. The training consisted
of studying instructional slides and photographs with specific
patterns of scapular dyskinesis and evaluating several pilot
subjects.

14. Statistical analysis

The inter-rater reliability for the comprehensive scapular dys-
kinesis classification test was determined using percentage of
agreement and « coefficient. The k coefficient was defined as 0.8
excellent, 0.61—-0.8 substantial, 0.41-0.6 moderate, 0.21—-0.4 fair,
and 0—0.2 slight/poor (Landis and Koch, 1977). For Cohen's kappa,
we analyzed the reliability with categorical data and applied this
method with two raters and multiple patients in this study.
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Table 2

Participant demographic data.
Total Male Female

Mean SD Mean SD

Number 45 15
Age (yrs) 228 2.8 218 1.7
Height (cm) 1751 6.5 162.2 6.6
Weight (kg) 66.1 7.4 55.3 6.2
Duration of symptoms (months) 20.3 248 29.7 49.8
Dominant side R:41 R:15
Involved side R:37 R:13
Pain (activity) (VAS)* 3.5 14 4.3 1.5

Abbreviations: M, Male; VAS, visual analog scale; R, right side.
2 Pain level while performing functional activities, occupational tasks, or sports-
specific movements (not during arm elevation).

2. Results

The demographic data of subjects are shown in Table 2. For the
raising phase, classifications from 2 raters were in agreement on 50/
60 subjects (83%). For the agreement classifications, 6 subjects were
classified as superior border of scapula (pattern III), and the other 44
subjects were classified as normal movement (pattern IV). For the
lowering phase, classifications from 2 raters were in agreement on
41/60 subjects (68%). For the agreement classifications, 5 subjects
were classified as inferior angle of scapula (pattern I), 12 subjects
were classified as medial border of scapula (pattern II), 12 subjects
were classified as normal movement (pattern IV), and the other 12
subjects were classified as mixed pattern of [ and II. Detailed values
of agreement and disagreement on different patterns in the raising
and lowering phases are presented in Table 3. The k coefficients were
0.49-0.64. The « coefficients of the raising phase reached the
moderate level (x = 0.49), and those in the lowering phase reached
the moderate to substantial level (k = 0.57—0.64).

3. Discussion

Using our comprehensive scapular dyskinesis classification test,
we found that the method had moderate to substantial inter-rater
reliability. This comprehensive test consisted of several important
characteristic. First, combined palpation can reduce the difficulty of
determining the scapular patterns because of the surrounding soft
tissues. Second, compared to previous classification methods using
a single pattern (Kibler et al., 2002; McClure et al., 2009; Tate et al.,
2009; Wright et al., 2013), our classification methods evaluate
scapular dyskinesis based on both single and mixed patterns. This is
important when considering the common occurrence of mixed

Table 3
Case classification of agreement and disagreement on different patterns of scapular
dyskinesis in raising and lowering phases.

Rater 2rater 1 1 11 I T+ T+ I+ 00 T+ 14 101V Total

I
Il

2t 8t
1R 1R13t

1 1R gR
I+ 4L 4t 20t

[+ 10

11+ 111 1t 1t

[+ 1411

v 1t 1Rt eR 3t 51R 18t
Total 124 2R 19F 12R 174 1R 45R 12% 60R 60"

R: raising phase; ': lowering phase; agreement in grey highlight. There was 83%
agreement (50/60, 6 subjects as pattern Il and 44 subjects as pattern IV) with
kappa = 0.49 in the raising phase and 68% agreement (41/60, 5 subjects as pattern I,
12 subjects as pattern II, 12 subjects as pattern IV, 12 subjects as mixed patterns I
and II) with kappa = 0.57—0.64 in the lowering phase between 2 physiotherapists.

patterns in scapular dyskinesis. In our study, 27 subjects presented
mixed patterns, which showed the importance of classifying mixed
patterns. We believe the characteristics of different patterns of
scapular dyskinesis could be related to different treatment strate-
gies. Third, we found that the patterns were different in the raising
and lowering phases: Patterns Il and IV were dominant in the
raising phase, but patterns I, I, mixed I and II, and IV were domi-
nant in the lowering phase. Thus, using a single pattern of classi-
fication for analyzing both the raising and the lowering phases was
not appropriate. Finally, we also believe that weighted tasks, which
are commonly seen in functional or sports-specific tasks, are more
challenging and appropriate for validation of scapular dyskinesis. In
our data, scapular dyskinesis occurred more in weighted tasks than
in non-weighted tasks. These may explain why the reliability found
in our study reached moderate to substantial level which was
higher than the original Kibler's 4 type method (fair to moderate)
and similar to the severity method (Kibler et al., 2002; McClure
et al., 2009; Tate et al., 2009). Table 4 summarizes the scapular
dyskinesis visual classification of our comprehensive classification
method and previous methods. Reviewing scapular physical tests
from the literature, Wright et al. (2013) indicated a need for an
appropriate method of diagnosis and treatment of scapular dyski-
nesis. Our comprehensive method may provide a clinical classifi-
cation for scapular dyskinesis.

In the analysis of the distribution of the ratings by the two
raters, we found that more patterns were observed in the lowering
phases. In agreement with previous findings (Kibler et al., 2002),
both raters found that the appearance of posterior displacement of
the medial border and the inferior angle of the scapula were more
pronounced in the lowering phase than in the raising phase. An
explanation for the greater pronounced classification in the arm-
lowering phase could be that the lowering phase represents
eccentric loading of less muscle activity during movements, which
makes bony landmarks prominent for visualization/palpation.
Additionally, our method assessed scapular dyskinesis based on
both unilateral characteristics and side-to-side comparison. Based
on unilateral assessment, the detection of abnormal scap-
ulohumeral rhythm was difficult because normal scapulohumeral
rhythm does not entirely conform to the generally accepted 2:1
ratio throughout the full range of arm elevation (Inman et al., 1996;
Ebaugh and Spinelli, 2010; Scibek and Carcia, 2012). Thus, side-to-
side comparison allows the rater to assess patterns of dyskinesis
precisely and reliably (Oyama et al., 2008; McClure et al., 2009).

Unlike the single predominant rating method, our method adds
the mixed patterns for evaluation. Although the mixed patterns are
common and necessary for evaluation, selection among the mixed
patterns may present another dilemma. Due to continuity from the
scapular inferior angle to the medial border, it may be difficult to
determine a rating of pattern I, pattern II, or mixed patterns. In our
study, the rating disagreement between the 2 raters occurred
mostly in the classification of these patterns (12/19 in the lowering
phase). Definitions of these patterns need to be clarified. We sug-
gest that the inferior third of the medial border can be a used to
distinguish between the inferior angle pattern and the medial
border pattern. Pattern Il can be identified if winging occurs above
the inferior third of the medial border. Otherwise, if only the
inferior angle of scapula is displaced from thorax, pattern I can be
identified. When both the medial border of the scapula and the
lateral border of the inferior angle are obviously displaced poste-
riorly from the thorax, the mixed pattern can be determined. One
noteworthy finding is that there was no agreement of ratings be-
tween the 2 raters on pattern III in the lowering phase. Investi-
gating shoulder kinematics in healthy subjects, several studies have
suggested that pattern of scapular upward/downward rotation is
similar between two phases (Yoshizaki et al., 2009; Ebaugh and
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Table 4

Visual classification of scapular dyskinesis: comparison between comprehensive method of the present study and methods from previous studies.

Studies characterisitcs Kibler et al., 2002

McClure et al., 2009 Tate et al., 2009

Uhl et al., 2009 Present study

Rating criteria Dynamic pattern:

side-to-side comparison
Arm raising or lowering phases  Total Total

Live or video Video Live and video
Additional load No Yes

Pattern evaluation 4 single patterns
Reliability Fair to moderate
(kappa = 0.31-0.42)

Dynamic severity: absolute definition

NA (3 severity level)

Moderate to substantial
(kappa = 0.48—0.61; agreement = 75—82%)

Dynamic pattern:
side-to-side comparison

Dynamic pattern: absolute
definition plus side-to-side

comparison

Total Separated raising and
lowering phases

Live Live

No Yes

2 patterns (yes/no) 4 single patterns and mixed
patterns

Moderate to substantial
(kappa = 0.49-0.64;

agreement = 68—83%)

Moderate (kappa = 0.41;
agreement = 79%)

Spinelli, 2010; Matsuki et al., 2011; Warner et al., 2012). However, in
our sample with shoulder disorders, we observed that scap-
ulohumeral movements are not only different between raising and
lowering phases but also difficult to determine in the lowering
phase. Further studies to validate the findings are needed.

Despite the departure from all previous methods, our separation
of the raising and lowering phases during evaluation was necessary
because of the findings of the more obvious inferior angle and
medial border of scapular prominence in the arm-lowering phase.
Investigating muscular activation during movement, previous
studies found significant decreases in muscular activation during
eccentric contraction (Ebaugh and Spinelli, 2010; Fang et al., 2001,
2004). Since a certain level of scapulothoracic muscle activity
(activation threshold) is necessary to produce normal scap-
ulothoracic motion, decreased muscular activation during arm
lowering, such that the activation threshold is not reached, may
result in scapular dyskinesis due to compromised control of scap-
ulothoracic motion. Consequently, this method of separation of the
raising and lowering phases may be used to evaluate scapular
motion in different conditions and represent different scapular
dyskinesis patterns in each phase.

The limitations of our investigation should be noted. First, the 2
raters were in the same room and saw what the other rater was
doing, so disagreement may have been reduced during evaluation.
In our design, the 2 raters evaluated every other repetition of the
arm elevation continuously in the same room and were able to
watch what each other was doing. Although each rater could
observe what the other rater was doing, it was not possible to
distinguish what the other rater was focusing on. Since the evalu-
ation procedure was similar and the raters did not know each
other's assessment results, we believe that the effect of blinding
was adequate. Second, intra-rater reliability was not tested in this
study. Since we did not assess the subjects by video, blinding the
subjects to the raters was not possible, as memory washout was not
possible for the rater. Thus, we reported inter-rater reliability only.
Third, the participating population was aged between 18 and 33,
85% of whom participated in overhead sports and 15% of whom
participated in non-overhead sports. Patterns of scapular dyskine-
sis may be affected by participation in sports activities. The
generalization of the findings of the study to other age groups or
people with sedentary lifestyles is uncertain. The operational
definition of the scapular dyskinesis classification test in the arm-
raising and -lowering phases may need to be made more detailed
in order to resolve the vague boundaries of each pattern.

4. Conclusion

A comprehensive scapular dyskinesis classification test
combining both visual and palpation methods has satisfactory

inter-rater reliability. For the classification test, both raising and
lowering phases should be evaluated, with a focus especially on
prominent landmarks for visualization/palpation during the
lowering phase. Future studies can investigate the validity of this
test to determine whether specific scapular kinematics and
muscular activation correspond to each pattern of scapular dyski-
nesis. If there are specific findings in different patterns of scapular
dyskinesis, we can identify appropriate treatment strategies for
patients with different patterns of scapular dyskinesis.
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