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ABSTRACT

Background: The lack of proper scapular kinematics can limit the function of the entire shoulder complex."?
Many forms of scapular dyskinesis have been proposed along with tests to measure for the position and
motion associated with those positional and movement faults (2,4-6). While scapular internal rotation has
been listed among the forms of scapular dyskinesis there has not been a reliable test documented in the liter-
ature that examines this motion. The purpose of this study was to determine whether an innovative scapular
medial border posterior displacement measurement device has adequate inter-rater and intra-rater reliability
when used at rest and during the sitting hand press up test.

Methods: 16 male Division III baseball players free of upper limb injury for the previous 12 months partici-
pated in the study. Posterior scapular displacement measures were taken on each subject in a resting static
posture and while performing a sitting hand press up test. Subjects were tested twice within 24 hours by two
separate examiners. Intraclass correlation coefficients (ICC) were calculated to determine intra-rater and
inter-rater reliability.

Results: The intra-rater reliability for rater 1 was .97 (95% confidence interval [CI]= .91-.98), for the rest posi-
tion and .95 (95% CI= .86-.98) for the sitting hand press-up position. Intra-rater reliability for rater 2 was .99
(95% CI= .97-.99) for the rest position and .98 (95% CI=. 95-.99) for the sitting hand press-up position. The
ICCs for inter-rater reliability of the scapular medial border posterior displacement measurement in at the
rest position and the sitting hand press-up position were .89 (95% CI= .81-.96) and .89 (95% CI= .80-.96)
respectively.

Conclusions: The findings of this study indicate that the measurement of medial border posterior displace-
ment using this device demonstrates good to excellent inter-rater and intra-rater reliability.
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INTRODUCTION

Proper alignment and motion of scapula are important
to the function of the glenohumeral joint for two rea-
sons. First, the position of scapula on the thorax aligns
the glenoid with the humerus to allow for smooth
movement in multiple planes of motion. Second, the
scapula is the origin of the rotator cuff muscles, which
provide dynamic stability to the joint by compressing
the head of the humerus into the glenoid. Without
proper alignment the rotator cuff muscles would be at
a disadvantage due to changes in their length-tension
ratio as well as their angles of pull.'* Movement of the
scapula is complex. It is comprised of three rotations-
upward/downward rotation which occurs around a
horizontal axis perpendicular to the plane of scapula,
internal/external rotation which occurs around a verti-
cal axis in the plane of the scapula, and anterior/poste-
rior tilt, which is a rotation around a horizontal axis in
the plane of the scapula; two translations-elevation/
depression, and superior/ inferior glide; and finally,
protraction/retraction, which has been described as a
combination movement between and anterior/poste-
rior glide and internal/external rotation.!*”® An exam-
ple of this coordinated movement can be observed
during humeral elevation when the scapula moves
into upward rotation, which when combined with the
2 to 1 ratio of movement with the glenohumeral joint
allows for full overhead motion. Concurrently, the
scapula posteriorly tilts raising the acromion to pre-
vent impingement, and externally rotates to allow the
head of the humerus to rotate on the center of the gle-
noid as it progresses through the full range of motion.

In recent years, there has been a great deal of research
that has focused on alterations in normal scapular
positioning and movement. These alterations known
as scapular dyskinesis have been linked to many gle-
nohumeral joint injuries such as impingement syn-
drome, labral damage, and rotator cufftears in overhead
athletes."*”%'? These conditions can be caused by a
loss of upward rotation, an increase in internal rota-
tion, an increase in protraction, or an increase in ante-
rior tilt which together or separately can affect the
subacromial functional space leading to glenohumeral
pathologies.!'*!> These changes in scapular motion
have been linked to muscular tightness, fatigue, and
weakness of the scapular positioning muscles that
include the rhomboids, serratus anterior, lower trape-
zius, middle trapezius, upper trapezius, and pectoralis

minor.>*®13 While a limitation in any one of the scapu-
lar movements can put the shoulder at risk for injury,
Kibler et al.” described three types of scapular dyskine-
sis that put shoulders at risk: Type I, which is charac-
terized by an inferior medial border prominence, Type
II that is characterized by a medial border prominence,
and Type III characterized by a superior medial border
prominence. All three of these dysfunctions highlight
alterations in the rotational position of scapula. Warner
et al.’ found that 54% of subacromial impingement
patients had an increase in medial scapular border
prominence.

Subjective scapular posture and movement analysis
have been part of clinician’s shoulder evaluations for
quite some time, however, recently, objective mea-
sures have been developed to assist in accurate diag-
nosis and with pre-injury screening. The lateral
scapular slide test looks at the amount of protraction
by measuring the distance from the midline to the
medial border of scapula.’® Inclinometers have been
used aligned with the spine of scapula to measure
upward and downward rotation.* There are also clini-
cal tests that seek to eliminate symptoms by providing
manual corrections to the scapular dysfunction such
as the scapular reposition test, modified scapular assis-
tance test, and the scapular retraction test.>!? Some
believe that these evaluations are limited by the lack
of muscular activity during their performance, in con-
trast to the increased medial scapular prominence one
might see when a subject does a push-up against a
wall, or the change in rotator cuff strength during test-
ing when the scapula is in different positions.*>® There
are also evaluations that require expensive equipment
like an EMG unit that measures the timing of the scap-
ular muscle activation, or 3-D motion capture analysis
systems that evaluate the movement of the scapula,
but are still not capable of capturing the motion of the
scapula during highly dynamic activities like throw-
ing.®'%1* With the current measures that are available,
the average clinician still lacks an affordable way to
evaluate the one motion that may have a significant
impact on shoulder injuries in the overhead athlete,
medial border prominence or more accurately scapu-
lar internal rotation.

The device used in this study was designed to measure
the distance from the rib cage to the medial border of
the scapula while at rest, as well as when the scapular
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Figure 1. Scapular Posterior Displacement Measuring Tool.

stabilizing muscles are placed under a load. The iso-
metric load was imparted through the use of sitting
hand press up test which involves the subject pressing
down into a table or chair from the seated position and
raising their body weight up for 5 seconds while a mea-
sure of the scapular medial border posterior displace-
ment is taken. The sitting hand press up test requires
extension at the shoulder, extension of the elbow, as
well as flexion at the hip and knee. This position requires
extreme stabilization of the shoulder girdle, particularly
the scapulo-thoracic joint. The purpose of the study is
to establish whether this new tool can provide a reliable
means of screening for scapular medial border poste-
rior displacement at rest and during the sitting hand
press up test. It is the authors’ hypothesis that the test-
ing protocol, using the novel scapular measurement
tool, will prove to be a reliable method for evaluation of
scapular medial border posterior displacement.

METHODS

A total of 16 Division III male baseball players (19.5 +
1.3 yrs, 184.9 + 7.2 cm, 88.6 + 10.4 kg) volunteered
for the study. Exclusion was based on any history of
shoulder pathology (dominant or non-dominant side),
including injuries to any part of the shoulder com-
plex, not just the glenohumeral joint. Subjects pro-
vided informed consent prior to participation, as
approved by Willamette University’s Institutional
Review Board for the Protection of Human Subjects.

All measurements were taken with a standardized
scapular medial border posterior displacement mea-
surement tool (Figure 1) in two positions, a resting

Figure 2. Scapular medial border posterior displacement
measurement in resting position.

and a sitting hand press-up position. Prior to mea-
surement, subjects were instructed: “relax and stand
in your normal standing position.” At this point, the
length of the medial border of each scapula was
determined by measuring the length of'a line drawn
from the superior angle to the inferior angle. A mark
was then placed at the midpoint of the line to use as
a reference point for placement of the measuring
tool during testing. The measurement of resting posi-
tion in standing was taken first (Figure 2). With the
patient remaining in the relaxed standing position,
the tool’s wings were placed on the halfway marks,
and the body of the device was moved towards the
spine until it touched the subject’s spinous process.
The sitting hand press-up position was measured by
placing two chairs with the backrests facing each
other at shoulders width apart, and then prior to
instructing the subject, the chairs were tested by
researchers to ensure they could hold the bodyweight
of the subject. Subjects were then instructed: “with
one hand on the back of each chair press-up and sup-
port your bodyweight while pulling your knees up to
a 90° angle and hold for five seconds.” Measurements
were taken in the identical manner as in the resting
position (Figure 3). Values were recorded to the near-
est millimeter for both positions. Testing was done
on consecutive days with different examiners.

Statistical Analysis

A level of statistical significance of p < 0.05 was set for
all analyses. Reliability was measured by calculating
Intra Class Correlation Coefficients (ICCs).” ICCs were
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Figure 3. Scapular medial border posterior displacement
measure during the sitting hand press-up test.

calculated to evaluate the intra- and inter-rater reli-
ability of the scapular medial border posterior dis-
placement measurements. Intra-rater reliability for
each rater was based on the calculation of the ICC for
each individual rater. Inter-rater reliability was estab-
lished by calculating the ICC for all tests performed by
all raters. The ICC is an appropriate measure for both
the intra- and inter-rater reliability as it considers both
consistency of and absolute agreement between paired
observations."

Results

Statistical assumptions of the data distribution and
homogeneity of variances were met for all analyses.
Scapular medial border posterior displacement in a

resting position and during the sitting hand press-up
test was measured on all 16 subjects. The scapular
medial border posterior displacement measures
between the rater 1 and 2 in standing position were
1.1+0.63 cm and 1.09+0.60 cm vs. 1.15+0.65 cm and
1.18+0.61 cm for the 1% and 2 testing sessions. The
values in a sitting hand press up position between the
raters were 1.36+0.60 cm and 1.36+0.60 cm vs.
1.31+0.64 cm and 1.33 4+ 0.63 cm for the 1% and 2™ mea-
surements (Table 1). Intraclass correlation coefficients
(2,1) for intra-rater reliability in the resting position
were .97 (95% CI of .91 t0.98) and .99 (95% CI of .97 to
.99) for raters 1 and 2, respectively. ICCs for intra-rater
reliability in the sitting hand press-up test were .95
(95% CI of .86 to .98) and .98 (95% CI of .95 t0.99) for
ratersl and 2. The ICC for inter-rater reliability was .89
(95% CI of .81 to .96) for the resting position and .88
(95% CI of .80 to .96) for the sitting hand press-up test
(Table 2). The standard error of measurements (SEM)
of the scapular medial border posterior displacement
for the rater 1 and 2 in the resting position and the sit-
ting hand position were 0.15 and 0.16 cm (Table 2). The
SEM for the scapular medial border posterior displace-
ment between the raters in the resting and sitting hand
position were 0.16 and 0.15 cm (Table 2).

DISCUSSION

The results of the study showed that by using the
method proposed, the scapular medial border poste-
rior displacement demonstrated acceptably high
clinical intra- and inter-rater reliability. Portney and
Watkins'® have suggested that ICC values above .75
are indicative of good reliability and those below .75
should be considered as poor to moderate. According
to the suggestion made by the same authors, reliabil-
ity of clinical measurements should exceed .90 to
ensure reasonable validity.'® All the ICC measure-
ments in this study were close to or above .90, which

Table 1. Mean values and standard deviations for scapular medial bovder

posterior displacement measurements.

Testing
Tester Position 1st measurement (cm) 2nd measurement (cm)
1 Rest 1.1£0.63 1.09+0.60
Press up 1.36+0.60 1.36+0.60
» Rest 1.15+0.65 1.18+0.61
Press up 1.31+0.64 1.33+0.63
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Table 2. Intra-rater reliability of the resting and the sitting hand press-up

position in determining scapular medial border posterior displacement.

Testing Single measure ICC

Position 2,1) 95% CI SEM (cm)
Intra-Rater 1 Rest 0.97 91 to .98 0.15

Press up 0.95 .86 to .98 0.15
Intra-Rater 2 Rest 0.99 .97 to .99 0.16

Press up 0.98 .95 to .99 0.16

Inter-Rater Rest 0.88 .81 to .96 0.16

Press up 0.89 .80 to .96 0.15

ICC= Intraclass correlation coefficient; CI= Confidence interval; SEM= Standard error of measurement

indicates that they have met the threshold for both
good reliability and could offer clinical utility as a
measurement procedure. Standard error of measure-
ments (SEM), which is non-relative measure of reli-
ability provides the clinician with an estimation of
the error associated with a measurement in the units
used to make that measurement.'” The SEM for all
measurements ranged from 1.5 mm to 1.6 mm at rest
and during the sitting tests (muscles engaged) dem-
onstrating very low measurement error.

In a clinical evaluation a clinician looks for a lifting of
the medial border of the scapula away from the spine/
rib cage during shoulder motion to confirm a diagno-
sis of scapular medial border posterior displacement.
Current clinically available testing procedures quan-
tify motion laterally away from the spine (LSST), or
upward and downward rotation of the scapular but not
posterior motion away from the spine.?® By combin-
ing these three tests, an examiner may be able to get a
more clear picture of scapular motion without the use
of expensive and time consuming three-dimensional
motion capture analysis. The test described in this
paper measures medial border posterior displacement
without the use of an expensive motion capture device.
Unlike motion capture the test used in the study is
still a two dimensional test which presents certain
limitations in representing scapular motion, however,
it was determined to be a reliable measure of medial
border posterior displacement when used at the mid-
point along the medial border of the scapula. This
measure at this location along the medial border elim-
inates inconsistency in the measurement technique
due to anterior and posterior tilt. It also reduces the
amount of soft tissue interference in the measure-
ment that could be influenced by muscle size differ-
ences over the superior angle.

The availability of a reliable and valid clinical method
for determining the amount of scapular medial bor-
der posterior displacement in athletes would be an
invaluable tool for accurate evaluation of the stabi-
lizing structures of the shoulder.*!® This clinical
measure would allow for pre- and post-activity mea-
surements as well as multiple measures throughout
the course of a season or throughout the progression
of a rehabilitation program. In evaluating the extent
of medial border posterior displacement it is impor-
tant to obtain measures both at rest and with muscu-
lar activity. Currently, inexpensive and clinically
feasible options such as the scapular slide test are
limited to resting and semi-dynamic measures of
scapular position in upward rotation. The test pre-
sented here shows significant promise for use of an
inexpensive clinical device that would allow for test-
ing of scapular internal rotation, both at rest and
semi-dynamically.

Alargerscale study ofbetween examiner and between-
trials reliability is warranted to better establish the
reliability of this innovative method and device.
Future studies should use this new method on patho-
logical populations in order to determine if significant
relationships exist between the amount of scapular
medial border displacement and injuries. Ludewig
and Cook, Myers et al. and Borsa et al. hypothesized
that alterations in scapular position and movement
may bear a direct relationship to scapular stability
and the generation of muscular force production,'*!%2°
however this relationship is still poorly understood.
The authors of this paper believe that it is necessary
to continue research into how alterations in scapular
position and motion affect neuromuscular function
of'the shoulder complex and how it is related to shoul-
der injury and dysfunction.
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CONCLUSION

The raters in this study demonstrated excellent
intra-rater and good inter-rater reliability when
assessing scapular medial border posterior displace-
ment with the standardized measurement tool in
both static and semi-dynamic testing positions. The
reliable information obtained from the sitting hand
press-up test may assist in the clinical assessment
and documentation of athletes’ progress in the reha-
bilitation process, thereby enhancing rehabilitation
providers’ ability to effectively measure the results
of, adjust, and monitor treatment outcomes.
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