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Evaluation of Clinical Assessment Methods for Scapular
Dyskinesis

Tim L. Uhl, Ph.D., P.T., A.T.C., W. Ben Kibler, M.D., Ben Gecewich, M.S., A.T.C., and
Brady L. Tripp, Ph.D., A.T.C., L.A.T.

Purpose: The purposes of this study were to (1) assess the inter-rater reliability and validity of 2 clinical
assessment methods of categorizing scapular dyskinesis and (2) quantify the frequency of asymmetry of
bilateral scapular motion in injured and uninjured shoulders by use of 3-dimensional (3D) kinematic
analysis. Methods: We evaluated 56 subjects, 35 with shoulder injury and 21 with no symptoms. Two
blinded evaluators categorized the scapular motion of all subjects to determine inter-rater reliability using
2 observational methods (“yes/no” and “4 type”) to evaluate scapular dyskinesis. Subjects were also
instrumented with electromagnetic receivers to assess bilateral 3D scapular kinematics to determine the
presence of dyskinesis and establish criterion validity of the 2 methods. Results: The inter-rater percent
agreement and the degree of this agreement as measured by � statistic showed that the yes/no method
produced a higher inter-rater percent agreement (79%, � � 0.40) than the 4-type method (61%, � � 0.44).
The yes/no method had a higher sensitivity (76%) and positive predictive value (74%) when compared
with the 3D criterion. A �2 analysis found significantly more multiple-plane asymmetries in symptomatic
subjects (54%) in flexion compared with asymptomatic subjects (14%) (P � .002). Conclusions: The
yes/no method allows multiple-plane asymmetries to be considered in clinical assessment and therefore
renders this a good screening tool for the presence of scapular dyskinesis. Kinematic analysis shows that
asymmetries are common in symptomatic and asymptomatic populations. Testing in flexion showed a
higher frequency of multiple-plane scapular asymmetries in the symptomatic group. Clinical Relevance:
Identification of scapular dyskinesis is a key component of the shoulder examination. The clinician’s
ability to establish the presence or absence of scapular dyskinesis by observation is enhanced using a
simple yes/no method especially when testing subjects in shoulder forward flexion. Although scapular
asymmetries appear to be a prevalent finding, dyskinesis in the presence of shoulder symptoms should be
considered a potential factor contributing to the dysfunction in the presence of shoulder symptoms should
be considered a potential factor contributing to the dysfunction. Key Words: Shoulder—Physical
examination—Scapula—Biomechanics—Movement disorders.
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lterations in static scapular position and dynamic
scapular motion, described as scapular dyskine-

is, have been found in patients with various shoulder
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athologies including impingement, instability, and
abral and rotator cuff injuries.1-5 It has been thought
hat these alterations affect normal scapulohumeral
hythm (SHR) and shoulder arthrokinematics and
herefore play a role in producing the dysfunctions
ssociated with these pathologies.5-7 Since the original
escription of SHR,8 clinicians and researchers have
ttempted to measure and quantify this relation to gain a
etter understanding of SHR in normal and injured
houlder function. Researchers have used 2-dimen-
ional radiographs9 or, recently, 3-dimensional (3D) radio-
raphs2,10 to describe the contribution of scapular motion
uring humeral elevation. Previous studies have
dentified normal and abnormal scapular motions
uring humeral motions using 3D electromagnetic

inematic motion analysis systems or other labora-

ery, Vol 25, No 11 (November), 2009: pp 1240-1248
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1241CLINICAL ASSESSMENT FOR SCAPULAR DYSKINESIS
ory methods1-3,11,12 that are not available in most
linical settings.
A reliable method of clinical assessment of these

capular alterations has not been developed. Several
roblems contribute to this difficulty. First, it is chal-
enging to accurately observe the motions of the scap-
la beneath the muscle and overlying soft tissues.
econd, measurement methods must take into account

he 3 rotational movements and 2 translations of the
capula.11,12 A few of the first clinical assessment
ethods categorizing or quantifying scapular dyski-

esis, such as the lateral scapular slide test,6,13 poste-
ior displacement test,14 and scapular upward rotation
easure,15,16 used static measures that assessed scap-

lar position in 1 plane or, at most, 2 planes. The third
hallenge is establishing clinical assessment criteria to
efine scapular dyskinesis. Clinicians commonly as-
ess scapular function by observing bilateral scapular

IGURE 1. (A) Prominent inferior medial scapular border, classi

lassified as type II dyskinesis. (C) Excessive superior migration of supe
ormal and symmetric scapular motion, classified as type IV.
otion during repeated motions of arm elevation and
owering. Clinically significant scapular dyskinesis is
ften considered present if symptomatic patients show
symmetric position or motion compared with the
pposite side.3,4,17 A method using this definition cat-
gorizes scapular dyskinesis into 1 of 4 categories,
ith 3 types describing patterns of scapular asymme-

ry and 1 type describing symmetric scapular motion.
his assessment method is based on observation of
capular border positions at rest and during elevation
otions17 (Fig 1). This clinical assessment method

as shown only moderate reliability,17 primarily lim-
ted by 2 factors. It requires clinicians to allocate the
ssessment of asymmetry into a single plane of mo-
ion, which may be too restrictive. In addition, using
symmetry as the clinical criterion for dyskinesis may
e too sensitive a measure because the prevalence of
capular asymmetry in asymptomatic subjects is not

type I dyskinesis. (B) Prominent entire medial scapular border,
fied as

rior medial scapular border, classified as type III dyskinesis. (D)
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1242 T. L. UHL ET AL.
ell known.18 The final challenge is that observational
linical assessment methods have not been compared
ith a reference standard, such as 3D kinematic anal-
sis. To establish the validity and reliability of a
linical assessment method for scapular dyskinesis,
he visual observations should be compared with a
alid and reliable measure of scapular kinematics.11,12

The purposes of this study were to (1) assess the
nter-rater reliability and validity of 2 clinical assess-
ent methods of categorizing scapular dyskinesis by

bservation and (2) quantify the prevalence of asym-
etry of bilateral scapular motion in individuals with

nd without shoulder symptoms by use of 3D kine-
atic analysis. The research hypotheses were as fol-

ows: (1) observation-based clinical assessment meth-
ds of scapular asymmetry can yield good inter-rater
eliability and criterion validity, and (2) 3D kinematic
nalysis will show a greater prevalence of scapular
symmetry in subjects with symptomatic shoulders.

METHODS

ubjects

Fifty-six subjects participated in the study. The de-
ographic information is presented in Table 1. The 35

ymptomatic subjects were patients of 1 orthopaedic
urgeon (W.B.K.). The right shoulder was involved in
6 of 35 patients (46%) in this group. Each subject
nderwent a standard orthopaedic shoulder examina-
ion including but not limited to ligamentous, labral,
nd rotator cuff testing with appropriate imaging. Sub-
ects were excluded from the study if they presented
ith any of the following: bilateral shoulder pain;
revious fracture of the scapula, humerus, or clavicle;

TABLE 1. Demographic Comparison of Subjects in Both
Groups

Asymptomatic Symptomatic
P

Value

ge [mean (SD)] (yr)* 24 (3) 32 (11) � .001
ass [mean (SD)] (kg)* 75 (18) 80 (16) .62
eight [mean (SD)] (cm)* 172 (9) 175 (9) .67
ender (No. of subjects)† .26
Male 11 24
Female 10 11

ominance (No. of
subjects)† .7

Right 19 30
Left 2 5
w
*Independent t test used for comparison between groups.
†�2 Analysis used for comparison between groups.
nd history or evidence of injury to the long thoracic,
pinal accessory, or cervical root nerve. Diagnoses
ere determined by clinical examination and/or im-

ging and included rotator cuff tendinopathy without
omplete tear (n � 13), labral pathology (n � 7),
nidirectional anterior glenohumeral instability (n �
), and periscapular muscle weakness (n � 9). The 21
symptomatic subjects were recruited from a conve-
ience sample from the local community and had no
athology in either shoulder. Before participation, the
ntent and procedures were explained to the subjects,
ho then read and signed a consent form approved by

he Institutional Review Boards of the University of
entucky and the Lexington Clinic (Lexington, KY).

bservational Clinical Assessment of Scapular
yskinesis

Two blinded clinicians (W.B.K. and T.L.U.) per-
ormed independent assessments of scapular motion
or each subject during the course of clinical assess-
ent. Each assessment included observing the medial

nd superior scapular borders during 3 to 5 trials of
rm elevation in the sagittal and scapular planes. The
linicians categorized the scapular motion into 1 of the
categories (4-type method) according to the “pre-

ominant pattern of scapular asymmetry observed”
s previously described.17 This clinical assessment
ethod was based on altered scapular motion or rest-

ng position occurring in a single scapular kinematic
lane.11,12 A type I dyskinesis pattern is characterized
y prominence of the inferior medial scapular angle
nd would be associated with excessive anterior tilting
f the scapula (Fig 1A). A type II dyskinesis pattern is
haracterized by prominence of the entire medial bor-
er and would be associated with excessive scapular
nternal rotation (Fig 1B). A type III dyskinesis pat-
ern is characterized by prominence of the superior
capular border and would be associated with exces-
ive upward translation of the scapula (Fig 1C). A
ype IV pattern is characterized as “normal,” indicat-
ng that no asymmetries were identified and no prom-
nence of the medial or superior border was observed.
ormal scapular motion is described as bilateral pos-

erior tilting, external rotation, and slight superior
ranslation during arm elevation and reversal of these
uring lowering relative to the opposite side17 (Fig
D). When clinicians observed asymmetry in multiple
lanes of motion, they were instructed to choose the
ingle most predominant pattern. The second clinical
ssessment method described 2 types (“yes/no”) and

as a simplification of the 4-type method. All 3 dys-
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1243CLINICAL ASSESSMENT FOR SCAPULAR DYSKINESIS
inesis categories (types I to III) were collapsed into a
ingle category of “yes” (an abnormal dyskinesis pat-
ern was observed), and type IV was relabeled “no”
normal scapular motion was observed). This removed
he requirement of the clinician to decide on a single
redominant pattern when multiple planes of asym-
etry may have been observed.

hree-Dimensional Kinematic Analysis

The subjects were instrumented with receivers from a
D electromagnetic tracking device, the Flock of Birds
Ascension Technologies, Burlington, VT). Motion

onitor software (Innovative Sports Programs, Chicago,
L) recorded 3D position and orientation of each sub-
ect’s thorax and bilateral scapulae at 100 Hz. Three
eceivers were applied with two-sided adhesive tape and
ecured with CoverRoll (Beiersdorf, Norwalk, CT), one
o the sternum, just inferior to the jugular notch, and one
n each scapula at the flattest aspect of the posterior
cromion in an attempt to reduce artifact produced by
kin movement.1 Placement of the scapular sensor on the
cromion has been shown to optimally capture all direc-
ions of scapular motions and has been validated through
bone pin study.12

A global coordinate system was established by
ounting a standard range transmitter (Ascension
echnologies) on a rigid plastic and wooden base
pproximately 60 inches above the ground. The trans-
itter was aligned with the cardinal planes of the body

Fig 2). Subjects stood with their arms relaxed by their
ides while bony landmarks on the thorax (jugular
otch, xiphoid process, C7, T8, and T12) and both

IGURE 2. Position of subject standing in front of transmitter with
d
eceivers attached to bilateral scapulae and transmitter just behind
ubject. This setup and positioning were used for all subjects.
capulae (inferior angle, root of scapular spine, and
osterior acromial angle) were digitized to record
otions. A standardized protocol was followed to

efine scapular and thoracic segment axes and convert
he local coordinate system into meaningful angular
otations by use of the Euler angle sequence of rota-
ions.19,20 These procedures have produced reliable
easures, with intraclass correlation coefficient (2,1)

alues ranging between 0.77 and 0.90 and standard
rror of measure values ranging from 1° to 2°.21

The subject stood facing an adjustable backdrop
Nimlok, Niles, IL) that served as a guide during
levation and lowering in each plane. Resting kine-
atic data were recorded for 5 seconds and served as
reference to determine zero offsets for bilateral

capular comparisons during dynamic measurements.
he resting position was defined as the subject stand-

ng in his or her normal posture with the arms at the
ides, elbows in full extension, hands on the seams of
he pants, and thumbs pointing forward. This was the
tarting and finishing position for all repetitions. Sub-
ects completed 8 repetitions of arm elevation and
owering with elbows in full extension in a sagittal
lane in concert with a metronome at a rate of 75°/s.
he backdrop was then moved to guide motion in the
capular plane, defined as 45° to the frontal plane. A
hysical block on the backdrop limited maximal arm
levation to 150°. Subjects unable to achieve 150°
n � 4) elevated both arms to the maximal angle
chieved by the injured side. The final 5 of the 8
epetitions were used for data analysis.

ata Reduction

The 2 clinical assessment methods were compared
o a criterion reference of 3D kinematic analysis to
valuate criterion validity. To determine asymmetry, 8
ubjects with no previous injuries were identified and
linically assessed by both clinicians to have normal
ymmetry between scapulae at rest and during dy-
amic motion. A zero offset was determined from
ach subject’s resting position. The mean difference in
osition between the right and left scapula at each data
oint was calculated for scapular posterior tilt (rota-
ion about horizontal axis) and internal rotation (rota-
ion about vertical axis). To determine symmetry of
he superior borders, the differences in the amount
f translation in the vertical plane of the scapular spine
elative to T12 was determined by use of the same
rocedures. The mean difference was calculated for
he 8 symmetric subjects. On the basis of the mean

ifferences, the upper boundary of a 95% confidence
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1244 T. L. UHL ET AL.
nterval for each respective plane of scapular motion
as used to determine the threshold for symmetric
otion. These threshold values for flexion and scap-

ion were 8° and 7°, respectively, for scapular internal
otation and 9° and 8°, respectively, for posterior tilt.

threshold of 1.6 cm for both flexion and scaption
as determined for superior scapular translation.
capular kinematic data not exceeding any of these 3

hresholds were considered to indicate symmetric
capular motion, whereas differences exceeding these
hreshold values were categorized as asymmetric ac-
ording to 3D kinematic analysis. Asymmetric scap-
lar motion was considered present if the difference
etween scapulae exceeded threshold values for at
east 50 consecutive data points (0.5 seconds) in at
east 3 of the 5 trials. Figure 3 illustrates kinematic
symmetric scapular motion quantified by 3D kine-
atic analysis. These objective criteria from the 3D

capular kinematic analysis provided the standards to
alidate the 2 clinical assessment methods. The 3D
inematic analysis was used to determine prevalence
f scapular asymmetry as either a single plane of
symmetry or multiple-plane asymmetry.

tatistical Analysis

The inter-rater reliability of both clinical assessment
ethods was determined by use of a � correlation,
hich is used with categorical and nominal data, to
etermine the relative agreement between investiga-
ors.20 The scores for � range from 0 to 1, with a 1

IGURE 3. Quantification of
symmetric motion of left scap-
la during arm elevation. The
ight scapula externally rotates
hrough elevation and then inter-
ally rotates during arm lower-
ng. The left scapula attempts to
xternally rotate but is unable,
hich would produce a clini-

ally observed prominent medial
order (type II). The gray line
ndicates an asymmetric thresh-
ld, when the differences in ro-
ation of the 2 scapulae exceed
he symmetry criterion threshold
f an 8° difference for internal
otation.
epresenting perfect agreement.22 To determine the
riterion validity, each clinical assessment method
as compared to the category derived from the objec-

ive 3D kinematic analysis to determine the sensitiv-
ty, specificity, positive predictive value, negative pre-
ictive value, and accuracy. The prevalence of
symmetric and symmetric occurrences between the
ymptomatic and asymptomatic groups were com-
ared by use of a Pearson �2 analysis with significance
et at P � .05.

RESULTS

The inter-rater reliability of the 4-type clinical as-
essment method yielded a 61% agreement between
he 2 investigators, resulting in a � correlation of 0.44
P � .01). The yes/no assessment method yielded a
9% agreement, with a � correlation of 0.41 (P �
01). The 2 assessment methods compared with the
riterion of the 3D kinematic analysis resulted in an
verall accuracy of the 2 evaluation methods ranging
etween 45% and 66%. The sensitivity of the 4-type
ethod varied across the types of scapular patterns,

anging from 10% to 54%, and the specificity ranged
rom 62% to 94% (Table 2). The yes/no method
esulted in sensitivity ranging from 74% to 78% but
ecreased specificity, ranging from 31% to 38% for
caption and flexion, respectively (Table 3).

Asymmetry by use of 3D kinematic analysis was
escribed by categorizing the prevalence into 3 levels:
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1245CLINICAL ASSESSMENT FOR SCAPULAR DYSKINESIS
o asymmetry, single-plane asymmetry, and multiple-
lane asymmetries. The Pearson �2 analysis for flex-
on motion showed significant differences in the fre-
uency of asymmetries between the 2 groups, with
ore multiple-plane asymmetries for the symptomatic

roup (54.3% [19 of 35]) compared with the asymp-
omatic group (14.3% [3 of 21]) (P � .002) (Table 4).
here was no significant difference in the frequency of
symmetries between the 2 groups for elevation in
caption (P � .97). The overall prevalence of scapular
symmetry in any plane was not different for the
symptomatic and symptomatic subjects, with 27 of
5 (77%) and 16 of 21 (76%), respectively, in scaption
P � .87) and 25 of 35 (71%) and 15 of 21 (71%),
espectively, in flexion (P � .66).

DISCUSSION

The results affirm the research hypotheses but raise
third clinically relevant question. The results show

hat the yes/no method increased the inter-rater agree-
ent and increased the sensitivity and positive pre-

ictive value over the original 4-type method but the
eliability was not improved. This study showed that
capular asymmetry in multiple planes, as determined
y 3D kinematic analysis, is more prevalent in symp-
omatic subjects during humeral elevation in flexion
ut not in scaption. Asymmetry in 1 or more planes is
een with equal prevalence in both asymptomatic and
ymptomatic patients with a variety of shoulder pa-
hologies. This occurrence poses a clinically relevant
uestion as to how to interpret a clinical assessment of
ltered scapular motion. Is the observation “normal”

TABLE 2. Validity of 4-Type Assessment Method of
Scapular Dyskinesis Compared Against 3D Kinematic

Analysis Performed During Humeral Scaption and
Flexion

Type I Type II Type III Type IV

caption
Sensitivity 47% 10% 13% 31%
Specificity 62% 85% 80% 74%
Positive predictive value 58% 43% 20% 27%
Negative predictive value 50% 45% 70% 78%
Accuracy 54% 45% 61% 64%

lexion
Sensitivity 54% 20% 22% 38%
Specificity 67% 94% 84% 78%
Positive predictive value 58% 71% 40% 40%
Negative predictive value 63% 59% 70% 76%
Accuracy 61% 61% 64% 64%
nd not significant to the shoulder injury? Do altered
A

otions represent a specific process that always needs
o be treated, or are they only important in the larger
ontext of all the factors that may be contributing to
houlder dysfunction and symptoms?

valuation of Clinical Assessment Methods

It does not appear that the 4-type method of assess-
ent, which is based on single-plane motion criteria,

s representative of the more common multiple-plane
symmetries recorded in this study. The inter-rater
greement of 69% and reliability (� � 0.44) yielded a
oderate correlation.22 This is similar to the inter-

ater reliability in a previous study, where � ranged
rom 0.31 to 0.43.17 Our study had 2 experienced
linicians evaluate patients directly, which is likely
he best-case scenario to enhance inter-rater reliability
s compared with the previous study that used video-
ape recordings. The moderate reliability reflects the
ifficulty in detecting specific single-plane patterns of
capular dyskinesis due to frequent multiple-plane
symmetries, poor visualization of bony landmarks,
nd body morphology.

The 4-type assessment method validated against the
D kinematic system yielded widely variable results.
he sensitivity of the 4-type method was low (range,
0% to 54%), whereas the specificity ranged from
oderate to good (range, 62% to 94%). It appears that
major factor influencing this outcome is the highly

revalent multiple-plane nature of scapular asymme-
ries. The 4-type method was designed to identify the
redominant pattern of scapular motion in a single
lane. However, on the basis of 3D kinematic ana-
ysis, multiple-plane asymmetries were commonly
resent when any asymmetries were identified clini-
ally. Of 41 subjects identified clinically to have scap-
lar asymmetry, 20 showed multiple-plane asymme-
ries with 3D kinematic assessment. Therefore the low
alidity of the 4-type method is affected by the con-
traints placed on the clinician to choose a single plane
f asymmetric motion.

TABLE 3. Validity of Yes/No Assessment Method of
Scapular Dyskinesis Compared Against 3D Kinematic

Analysis Performed During Humeral Scaption and
Flexion

Flexion Scaption

ensitivity 78% 74%
pecificity 38% 31%
ositive predictive value 76% 78%
egative predictive value 40% 27%

ccuracy 66% 64%
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1246 T. L. UHL ET AL.
The yes/no method improved the inter-rater agree-
ent to 79% and improved the sensitivity to 76%
ithout changing the reliability. These improvements
ay have reflected that the clinician was no longer

imited to choosing single-plane categories and be-
ause the “yes” category is more inclusive. The pos-
tive predictive value, or the probability that 3D kine-
atic analysis showed that a subject had asymmetric
otion when it was observed clinically, was improved

o 74%. This indicates that the yes/no assessment
ethod decreases the risk of false-negative findings

y better identifying subjects who truly have scapular
yskinesis. The specificity of the yes/no method was
0%, indicating that there is a higher risk of false-
ositive findings. This combination of values indicates
hat the yes/no method is a good screening tool in the
houlder evaluation process and provides greater
greement among clinicians (inter-rater reliability) in
heir observational assessment of scapular dyskine-
is.

The yes/no method displayed sensitivity, specific-
ty, and � values similar to those of other commonly
sed clinical tests for the shoulder. Clinical tests of
LAP tears showed a mean sensitivity of 57% (range,
2% to 91%) and specificity of 41% (range, 13% to
2%).23-25 Tests evaluating shoulder laxity and insta-
ility display inter-rater agreement � values of 0.3 to
.5 and intra-rater reproducibility of 46% to 88%.26,27

n the evaluation of subacromial impingement, a mul-
itude of tests have shown varying results, with wide
anges of sensitivity (32% to 90%), specificity (25%
o 97%), and diagnostic accuracy (33% to 72%).28,29

hese findings support the conclusion that although
he criterion validity of the yes/no method is not
ptimal, it is similar to that of other clinical shoulder
ests. These findings reinforce the inherent difficulty
n creating highly accurate clinical assessment tools
or the shoulder or scapula and underscores the need

TABLE 4. �2 Frequency Table Showing Differences in
Between Two Groups in

No Asymmetries Single-Pl

symptomatic
No. of subjects 6
Percentage 28.6

ymptomatic
No. of subjects 10
Percentage 28.6
or further research.30 a
revalence of Scapular Asymmetry

This study showed a high prevalence of asymmetric
capular motions in both populations. The incidence
f symmetry as quantified by 3D kinematic analysis
as found to range between 71% and 77% for all

ubjects, regardless of symptoms. This suggests that
he presence of asymmetry should not be the sole
riterion determining the clinical significance of
capular dyskinesis. Objective kinematic analysis
ften shows asymmetries in bilateral human move-
ent.18,31,32 The observed scapular alterations, either

ased on side-to-side differences or compared with
ormative values, may have multiple causative fac-
ors, including ligamentous laxity, muscle imbalance,
ide dominance, and body alignment.3,18,31,33-35 These
lterations may be asymptomatic in individuals18 or
hey may be associated with, but not always found to
e causative in, various pathologies such as multidi-
ectional instability35 or impingement.1,36

The second hypothesis of increased prevalence in
ymptomatic subjects was partially supported through
inematic analysis that showed that symptomatic sub-
ects (54%) had more multiple-plane asymmetries dur-
ng forward flexion than asymptomatic subjects
14%). However, in scaption there was an equal dis-
ribution of multiple-plane scapular asymmetries of
5% in both groups, not supporting this hypothesis.
his suggests that the task and the degree of asym-
etry may be clinically relevant in distinguishing the

capular dyskinesis that is seen in a symptomatic
atient. It is not clear why there were more asymme-
ries in flexion over scaption. Elevation in scaption
ppears to activate all the scapular musculature to a
oderate degree, whereas forward flexion activities

how a bias toward higher serratus anterior activity.37

nhibition of the serratus anterior has been identified
n the presence of shoulder instability and pain.1,38 It is
easible that decreased motor activity of the serratus

ber of Asymmetries, as Determined by 3D Kinematics,
ral Flexion (P � .002)

ymmetry Multiple-Plane Asymmetries Total

3 21
14.3 100

19 35
54.3 100
Num
Hume

ane As

12
57.1

6

nterior may account for the elevated prevalence in
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exion, but because electromyographic data were not
ollected, this can only be speculation.

ow to Interpret a Clinical Finding of Scapular
yskinesis

Scapular alterations occur in the presence of shoul-
er pathology. There is ample literature that suggests
hat scapular alterations or asymmetries are associated
ith glenohumeral instability,3,35 acromioclavicular

eparation,39 and impingement syndrome.1,36 These
tudies report various scapular alterations. Studies
valuating impingement have documented increases
n scapular anterior tilt1,36 and no increase in scapular
nterior tilt.40 One investigation identified increased
capular posterior tilt in patients with posterior im-
ingement.41 These results support that a single scap-
lar pattern is not associated with a specific diagnosis.
capular dyskinesis may be clinically compared with
atellofemoral malpositioning in the knee33 or sulcus
ign in the shoulder.31,35 It can exist in asymptomatic
ndividuals, but it should be ruled in or out during the
linical assessment of patients with shoulder pain. The
es/no method’s sensitivity would suggest that a “no”
nding regarding asymmetry is helpful in ruling out
yskinesis as a contributing factor to shoulder pain. A
yes” finding in the symptomatic shoulder would po-
entially assist in directing treatment.

This study has several limitations. A potentially
ignificant limitation is the narrow threshold criteria
or symmetry. A 95% confidence interval to determine
he threshold for symmetry was used based on a small
opulation (n � 8) but has similar values to previous
tudies.1,12 It is not clear at this time whether the
hresholds used in this study are clinically meaningful
s predictors of dysfunction. A second limitation is the
nclusion of multiple shoulder pathologies. Limiting
he symptomatic subjects to a specific diagnosis may
ave generated more precise findings. However, scap-
lar dyskinesis is seen in association with multiple
houlder pathologies, and no evidence suggests an
ssociation between a specific injury and any pattern
f scapular dyskinesis. Therefore patients with multi-
le diagnoses were included. A third limitation is the
ge difference between the 2 groups. The mean age of
he symptomatic group was higher but showed a wide
ange (16 to 53 years), so the patients could be con-
idered relatively young. The body mass, however,
hich likely has the most effect on visual and 3D
inematic analysis of scapular dyskinesis, was not
ignificantly different between groups. Lastly, this

tudy did not correlate clinical assessment findings
ith specific kinematic alterations of scapular motion.
his should be a subject of future study.

CONCLUSIONS

The yes/no method allows multiple-plane asymme-
ries to be considered in clinical assessment, thus
endering it a good screening tool for the presence of
capular dyskinesis. Kinematic analysis shows that
symmetries are common in symptomatic and asymp-
omatic populations; however, when scapular dyski-
esis is found in the presence of shoulder symptoms,
t should be considered as a potential contributing
actor to shoulder dysfunction. Assessment for scap-
lar dyskinesis in symptomatic patients should include
orward flexion motions because the prevalence of
ultiple-plane asymmetries was higher.
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