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Background. The protractor method is a proposed clinical assessment tool, the first to
measure vertical scapular position, that directly compares scapular and spinal landmarks. This
tool has the potential to reliably and accurately measure excessive scapular elevation or
depression.

Objective. The purpose of this study was to determine reliability and validity of the
protractor method to measure resting scapular position.

Design. An interrater and intratester reliability and validity study was conducted.

Methods. Testing was conducted on the same day by 2 physical therapists who were
blinded to each other’s results. The vertical distances between the spinous process of C7 and
the superior margin of the medial aspect of the spine of the scapula (C7 method) and the
spinous process of T8 and the inferior angle of the scapula (T8 method) were palpated and
measured on the symptomatic shoulder in 34 people with current shoulder pain using the
protractor method. Measurements were compared with 2-dimensional camera analysis to
assess validity.

Results. For intertester reliability, the standard error of measure, minimal detectable
change, and intraclass correlation coefficient were 6.3 mm, 17.3 mm, and .78, respectively, for
the C7 method and 5.7 mm, 15.7 mm, and .82, respectively, for the T8 method. For intratester
reliability, the standard error of measure, minimal detectable change, and intraclass correlation
coefficient were �0.9 mm, �2.5 mm, and .99, respectively. For validity, significant correla-
tions (r) and mean differences were .83 and 10.1 mm, respectively, for the C7 method and .92
and 2.2 mm, respectively, for the T8 method.

Limitation. The results of this study are limited to static measurement of the scapula in one
plane.

Conclusion. Both protractor methods were shown to have good reliability and acceptable
validity, with the T8 method demonstrating superior clinical utility. The clinical use of the T8
method is recommended for measurement of excessive resting scapular elevation or depres-
sion.

A. O’Shea, BAppSc(Physio-
therapy), MastersMusculoskeletal-
Therapy, School of Physiotherapy
and Exercise Science, Curtin Uni-
versity, Perth, Western Australia,
Australia.

R. Kelly, BAppSc(Physiotherapy),
MastersMusculoskeletalTherapy,
School of Physiotherapy and Exer-
cise Science, Curtin University.

S. Williams, BSc(Hons)ExScience,
PhD, School of Physiotherapy
and Exercise Science, Curtin
University.

L. McKenna, BAppSc(Physio-
therapy), MastersSportsPhysio-
therapy, PhD, School of Phy-
siotherapy and Exercise Science,
Curtin University, Bldg 408, Level
3, Kent St, Perth, Western Austra-
lia, 6102 Australia. Address all cor-
respondence to Dr McKenna at:
l.mckenna@curtin.edu.au.

[O’Shea A, Kelly R, Williams S,
McKenna L. Reliability and validity
of the measurement of scapular
position using the protractor
method. Phys Ther. 2016;96:
502–510.]

© 2016 American Physical Therapy
Association

Published Ahead of Print:
September 3, 2015

Accepted: August 28, 2015
Submitted: March 13, 2015

Research Report

Post a Rapid Response to
this article at:
ptjournal.apta.org

502 f Physical Therapy Volume 96 Number 4 April 2016



The 1-year worldwide prevalence
of neck and shoulder pain has
been reported as ranging from

16.7% to 75.1% and 4.7% to 46.7%,
respectively.1,2 When taken together,
these symptoms have been shown to be
the most common causes of musculo-
skeletal pain, resulting in large costs to
the health sector, as well as indirect costs
through work disability.3 In order to
decrease these costs and to provide com-
prehensive rehabilitation for these
patients, clinicians first need to be able
to reliably and accurately measure fac-
tors related to shoulder dysfunction,
such as resting scapular position, which
is considered an important factor in the
assessment of these conditions.4,5

Scapular position has been linked to rota-
tor cuff pathology, impingement, and
shoulder dysfunction, with particular
reference to the potential impact of scap-
ular elevation position on shoulder
pain.6–9 Increased scapular elevation
position has been described as being
more likely to be found in people with
full-thickness rotator cuff tears than in
people who are asymptomatic.9 Lin et al7

found greater elevation of the scapula
with a functional task in individuals with
shoulder dysfunction compared with
people without dysfunction. People
with impingement also were found to
have higher scapular elevation with arm
elevation compared with people who
were asymptomatic.6,8 Although there is
a greater body of evidence for the poten-
tial involvement of scapular elevation in
shoulder pathologies, scapular depres-
sion also has been associated with shoul-
der and neck pain, such as with thoracic
outlet syndrome. A study by Azevedo et
al10 showed that healthy young individu-
als with a depressed scapula had signifi-
cantly lower pressure pain thresholds in
the upper trapezius muscle compared
with individuals with normal scapular
position.10 In summary, clinicians should
expect that there will be a difference
between symptomatic and asymptomatic
shoulders on examination of the scapula.
Additionally, the nondominant scapula
may be elevated in relation to the domi-
nant side, by approximately 5 mm.11

Therefore, it would seem important to
reliably and accurately measure scapular
elevation or depression position.

Longitudinal studies also have shown
that that scapular position or dyskinesis
is important and can be predictive of
shoulder pain,12–14 although not all stud-
ies concur.15,16 However, these longitu-
dinal studies have not incorporated the
measurement of elevation. Due to con-
flicting evidence, establishing a reliable
and valid means of measuring scapular
elevation is needed for further large pro-
spective studies to help clarify the causal
relationship of scapular position to pain.

Several laboratory methods have been
used to measure scapular position,
including radiography,17 Moiré topogra-
phy,18 infrared/visual spectrum motion
analysis system,19 electromagnetic track-
ing systems,20 and electromechanical
digitizers.21 Although these methods
have been shown to have high precision,
they are not practical in clinical use.17

Previous authors have utilized a number
of different clinical tools, such as the
Palpation Meter (Performance Attain-
ment Associates, St Paul, Minnesota),22

goniometer,23 inclinometer,24 sliding cal-
iper,25 string measurement,26 and tape
measure.25,27 Angular measurement
tools, such as a goniometer or inclinom-
eter, cannot adequately determine a lin-
ear distance, such as elevation of the
scapula. Additionally, linear measure-
ment tools, such as a tape measure, slid-
ing caliper, string measurement, or the
Palpation Meter cannot provide informa-
tion on elevation or depression of the
scapula, as there are no easily identifiable
and consistently placed bony landmarks
directly above or below prominent scap-
ular landmarks.

The Lennie method11 has been the only
measure to examine the elevation or
depression position of the scapula. How-
ever, this method is limited because it is
does not determine whether the scapula
is elevated or depressed relative to a set
spinal landmark, as it is purely a compar-
ison with the opposite side. As both
scapulae could potentially sit in elevation
or depression, assessment that compares
side-to-side position may minimize or
exclude absolute changes in scapular
position. An important aspect of measur-
ing scapular position is to measure the
vertical distance between a scapular
landmark and a spinal landmark. This

measurement would potentially provide
a repeatable and valid measure of posi-
tion, as the position of the opposite scap-
ula may vary, but a vertebral body such
as C7 would remain relatively
unchanged. It appears that there are no
previous studies that have determined
the clinical utility of a clinical method
that examines scapular elevation or
depression in a resting position com-
pared with a fixed spinal landmark.

Therefore, research is needed to deter-
mine a reliable and accurate method of
measuring scapular elevation and depres-
sion position. The protractor method
could be a useful tool in measuring ele-
vation and depression of the scapula,
both clinically and in future research. It
is a compact and low-cost measurement
tool that we developed using a metal
right-angle protractor. The protractor
method has the potential to enhance
physical therapists’ ability to assess and
monitor neck and shoulder pain, with
the overarching aim of improving out-
comes for these conditions.

Although there may be a multitude of
proposed methods for validating a mea-
surement tool such as this, there has yet
to be an agreed-on reference standard
method of measuring scapular position
in relation to spinal landmarks. The use
of real-time ultrasound may be a poten-
tial method of measurement, but the
length or width of the probe cannot mea-
sure the distance between the spine and
the scapula in one field of view. Plain
film radiographs are subject to magnifi-
cation, true distortion,28 and scapular
shadow29 errors. Thoracic rotation away
from or toward the x-ray film may cause
parallax error and, therefore, cannot be
used as a reference standard. Computer-
ized tomography, as described by Ho et
al,30 exposes people to unethically high
levels of radiation and was not appropri-
ate for this study. Closed magnetic reso-
nance imaging (MRI) utilizes a supine
patient position, which does not provide
a participant position similar to that used
clinically when assessing the scapula.
Three-dimensional (3D) motion analysis
was not used in this study due to its
questionable accuracy in the measure-
ment of the scapula relating to excessive
skin movement, with the lack of ethical
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feasibility for the alternative of using
bony pins to identify landmarks. As the
clinical measure used in this study was a
2-dimensional (2D) measure, 2D camera
equipment was chosen as the validating
reference standard.

The primary aim of this study was to
evaluate the intertester reliability and
validity of a protractor method of mea-
suring resting elevation or depression of
the scapula relative to a spinal landmark.
The secondary aim was to determine
which of the 2 sets of bony landmarks
used (C7 or T8 method) is the most reli-
able and accurate measurement of scap-
ular position for clinical use.

Method
Study Design
This was a reliability and validity study
consisting of 2 parts: (1) an intertester
and intratester reliability assessment
using 2 investigators (A.O., R.K) and con-
ducted in 1 day using the protractor
method and (2) an assessment of the
validity of this method compared with
2D analysis.

All testers were qualified physical thera-
pists with more than 4 years’ experience
each in musculoskeletal physical therapy
diagnosis and patient management. Both
investigators underwent identical famil-
iarization and practice trials of the tech-
niques on 5 participants over approxi-
mately 5 hours (pilot test). Examiner
training included testers observing each
other and discussion of reasons for dif-
ferences between the testers in the pilot
test until an agreed-on method was deter-
mined. Pilot testing confirmed which
landmarks to use during the study.
Despite using the same standardized pro-
cedures, results from the pilot testing
indicated that there were differences in
determining the exact location of the
landmarks (especially for the spine of
scapula) between testers. To limit the
effect of these differences on the validity
between the 2 measurement methods in
the present study, the testers identified
the appropriate landmarks for each par-
ticipant from which to use the protractor
method, and each tester then photo-
graphed the participant with his or her
own identified landmarks for later 2D
analysis.

Participants
Participants with current shoulder pain
were recruited through community-
based physical therapy practices, local
radio advertisement, and flyers in local
community centers and sports clubs.
Testing was carried out on the symptom-
atic side, with dominance recorded
(Tab. 1). Participants were included if
they were over 18 years of age, had a
body mass index (BMI) of less than 30
kg/m2, and had current shoulder pain
that was elicited by shoulder movement
but not provoked by cervical or thoracic
movements. Prospective participants
were excluded from the study if they had
“pins and needles” or numbness in any
distribution in the upper limb, pain
above the level of C7 or below the
elbow, current thoracic pain, or sus-
pected glenohumeral joint instability on
screening.

A priori analysis suggested that a mini-
mum of 34 participants were needed to
achieve 80% power to detect a signifi-
cant difference of 1 cm (SD�2.2)
between the protractor method and the
2D camera analysis at an alpha level of
.05.31

Procedure
Pretesting. Prior to testing, all partic-
ipants provided written informed con-
sent. Participants completed a question-
naire, which inquired about date of
birth, hand dominance, and shoulder
pathology. They also completed the Dis-
ability of Arm, Shoulder and Hand
(DASH) questionnaire.32 Height and

weight were measured by the same tes-
ter for each participant. Tester and
method order were randomized prior to
testing, with each test carried out in a
closed-curtained cubicle in the testing
area to ensure blinding between testers.
Participants wore attire that completely
exposed the posterior thoracic region
while covering the front of the torso.
Participants were seated on an adjustable
stool, in normal relaxed sitting, with
their arms by their side and thumbs fac-
ing forward while looking forward at a
mark on the wall fixed at eye level. Dur-
ing pilot testing, we identified the poten-
tial for postural fatigue during testing.
Such fatigue could lead to participants
being unable to maintain an erect
upright posture throughout testing, pos-
sibly leading to a participant sitting in a
different posture at the beginning of test-
ing from when seated for the final mea-
surement taken by the second tester later
in the study. Such changes in posture
would lead to significant differences in
results for both reliability and validity, as
distances between landmarks would dif-
fer with posture. As a result, participants
were provided with breaks between
measurements and were consistently
asked to sit in their own relaxed sitting
posture prior to each measurement
being taken.

Opsite (Smith & Nephew Medical Ltd,
Hull, United Kingdom) (5 cm) was
applied to each participant in the general
area of the landmarks that were pal-
pated. The use of Opsite ensured easy
removal of marks on the skin, thus

Table 1.
Participant Characteristics (N�34)a

Characteristics Measurements

Sex (male/female), n 21/13

Dominant side (yes/no), n 28/06

Length of time with shoulder pain (mo) 48.94 (105.72)

Height (cm) 174.02 (9.29)

Weight (kg) 79.14 (12.72)

BMI (kg/m2) 25.56 (2.67)

Age (y) 44.53 (16.71)

DASH score (%) 18.68 (11.21)

a All values are presented as mean (SD), unless otherwise noted. BMI�body mass index,
DASH�Disabilities of the Arm, Shoulder and Hand.
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enhancing tester blinding, as no rubbing
marks or incompletely removed marks
were left on the skin.

Testing. For each participant, the first
tester performed the pretesting proce-
dures, identified landmarks, used the
protractor method, and then removed
landmarks. The first tester then repeated
the landmark identification and protrac-
tor method twice more before taking a
photograph of his own marked land-
marks. The second tester repeated this
process, except for the pretesting
procedures.

Landmark identification. Landmarks
included for palpation in this study were
the spinous processes of C7 and T8, the
superior margin of the medial aspect of
the spine of the scapula, and the inferior
angle of the scapula. Previous literature
has indicated that C7 and T8 are valid
landmarks.33 Haneline et al34 determined
that the mean spinal level corresponding
to the inferior angle of the scapula was
midway between the T8–T9 interspace
and the upper body of T9. Identification
of the spinous process of C7 was deter-
mined as the most caudal cervical spi-
nous process that did not disappear on
cervical extension,33,35 and the tester
then counted down the vertebra to iden-
tify the spinous process for T8. For all
landmarks (except the superior border
of the scapula), the most inferior portion
of the bone was palpated, then soft tis-
sue was released and a horizontal line
placed along the most inferior aspect of
the landmark. Next, a vertical line was
drawn through the most central point of
the landmark. These 2 lines created a
crosshatch, and the intersection of these
lines was used as a single point for mea-
surement. For the C7 method, bony land-
marks marked by the testers comprised
the most inferior aspect of the spinous
process of C7 and the superior margin of
the medial border of the spine of the
scapula (Fig. 1). For the T8 method, the
most inferior aspect of the spinous pro-
cess of T8 was marked, as well as the
inferior angle of the scapula (Fig. 2).

Protractor method. For both meth-
ods, a metal right-angle protractor with a
20-cm side length and a scale that began
from the edge of the metal was used

(Empire carpenter square, Mukwonago,
Wisconsin). A protractor that has at least
16-cm side length was required, as pre-
vious data indicated that the inferior
angle of the scapula is, on average, 10.1
cm (range�6.7–15.3 cm) laterally from
the spine.36 We also attached 2 simple
spirit levels to the protractor to ensure
that level measurements were assessed.
For both methods, a vertical distance
was identified between landmarks using
the protractor. For the C7 method, the
protractor was aligned so that the bot-
tom of the protractor lay horizontally
between the root of the spine of the
scapula and the spine. The vertical dis-
tance was read from the bottom of the
protractor to C7 (dotted line in Fig. 1).
The tester recorded this measurement 3
times before moving to the next method.
For the T8 method, the protractor was
again placed horizontally, aligning
between the inferior angle of the scapula
and the spine. The vertical distance was
read from the bottom of the protractor to
T8 (white line in Fig. 2). Measurements
were recorded in the same manner as
for C7, with mean measurements
recorded.

2D analysis. Participants were
instructed to sit in the same manner as
previously described. Data were col-
lected using a digital camera (Exilim
EX-ZR800, Casio, Tokyo, Japan). Scapu-

lar position was examined in posterior
view only, with all landmarks visible.

Data Processing and Reduction
Two-dimensional analysis was per-
formed with Siliconcoach Live software
(The Tarn Group Ltd, Dunedin, New Zea-
land) using the anatomical landmarks
described above and the Siliconcoach
Live digital vertical measurement tool.
This analysis was done by a third tester
(L.M.), who was blinded to all other
results. Tester randomization order was
maintained, with the C7 measurement
taken first. Photographs were viewed in
full screen mode to increase pixel accu-
racy. The vertical measurement tool was
used in smallest width line, with con-
trasting color to allow for greatest
accuracy.

Data Analysis
Statistical processing was performed
using IBM SPSS for Windows version
22.0 (IBM Corp, Armonk, New York) and
the level of significance was set at
��.05. Means and standard deviations
for the demographic and protractor
method data were calculated.

To assess reliability, standard errors of
measurement (SEMs), minimal detect-
able changes (MDCs), intraclass correla-
tion coefficients (ICCs), and paired-

Figure 1.
Photograph showing the alignment of the protractor for the C7 method. The dotted line
indicates the vertical distance between the superior margin of the medial aspect of the root
of the spine of the scapula (lower crosshatch) and the inferior aspect of the spinous process
of C7 (upper crosshatch).
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sample t tests were ascertained for the
average tester scores. The SEM were cal-
culated from the square root of the mean
square error term of a repeated-measures
analysis of variance as previously
described.37 Minimal detectable change
was calculated using the formula
(1.96 � �2 � SEM).37 The ICCs with
corresponding confidence intervals were
calculated using the 2,k model for intert-
ester reliability and the 2,1 model for
intratester reliability. For interpretation
of the ICCs, reliability coefficients less
than .50 indicated poor reliability, values
ranging from .50 to .75 indicated moder-
ate reliability, values ranging from .75 to
.90 indicated good reliability, and values
greater than .90 indicated excellent
reliability.25

Validity was examined for agreement
between the protractor methods and 2D
camera analysis by calculating correla-
tions, the mean difference (with limits of
agreement), and SEMs between these
measurements. Bland-Altman plots also
were constructed. The Bland-Altman
plots are used to calculate the mean dif-
ference between 2 methods of measure-
ment, with 95% limits of agreement as
the mean difference.38 The smaller the
range between the 95% limits of agree-
ment, the better the agreement.39

Results
The demographic data of the partici-
pants (N�34) are presented in Table 1.

There were a greater number of male
participants than female participants,
with most individuals reporting shoulder
pain in their dominant side. The partici-
pants’ ages ranged from 23 to 71 years,
with length of time of shoulder pain
ranging from 1 month to 50 years. The
DASH questionnaire scores ranged from
0.83 to 39.16, indicating mild to moder-
ate levels of disability.

Using the protractor method, the aver-
age values for the vertical distance
between C7 and the superior aspect of
the spine of the scapula were 56.6 and
57.3 mm for tester 1 and tester 2, respec-
tively. The 2D analysis revealed average
values for this vertical distance of 46.5
mm for tester 1 and 46.6 mm for tester 2.
Using the protractor method, the aver-
age values for the vertical distance
between T8 and the inferior angle of the
scapula were 31.9 and 30.0 mm for tester
1 and tester 2, respectively. Two-
dimensional analysis revealed average
values for this vertical distance of 34.1
mm for tester 1 and 32.4 mm for tester 2.

Reliability
Intertester reliability revealed SEMs 6.3
mm or less, MDCs were less than 17.5
mm, and ICCs were .78 or greater
(Tab. 2), with greater reliability indicated
for the T8 method. There were no signif-
icant differences between testers. Intra-
tester reliability revealed SEMs were 0.9

mm or less, MDCs were 2.5 mm or less,
and ICCs were .99 (Tab. 2).

Validity
Examination of validity revealed
significant correlations (P�.001) of .92
or less, with greater validity indicated for
the T8 method (Tab. 3). On average, the
difference in vertical distance between
the C7 protractor method and the 2D
analysis was greater than the difference
for the T8 method (Tab. 3, Figs. 3A and
3B). For validity, SEMs were less than 4.2
mm for both methods, with a smaller
SEM for the T8 method. Bland-Altman
plots graphically demonstrated the larger
variances and mean difference for C7 in
comparison with T8 (Figs. 3A and 3B).

Discussion
To our knowledge, this is the first study
to examine the absolute vertical mea-
surement of scapular position relative to
a spinal landmark with a clinically feasi-
ble tool. Results indicated good levels of
intertester reliability for both methods,
with no significant differences between
testers. However, the results for the T8
method showed slightly better inter-
tester reliability, as indicated by more
favorable ICC, SEM, and MDC values.
Intratester reliability was excellent, and
little difference between the methods
was evident due to the very high reliabil-
ity. In addition to being reliable, both
protractor methods were shown to be
valid measurements of resting scapular
position, with high and significant corre-
lations (Tab. 3) between the tester and
the reference standard of digital analysis.
The T8 method also showed slightly bet-
ter results for validity, with a higher cor-
relation (Tab. 3) and smaller limits of
agreement (Tab. 3, Fig. 3) between the
tester and digital analysis, compared
with the C7 method.

With an intertester SEM of 5.7 mm (as
reported for T8), clinicians can be 68%
confident that differences greater than
this value are real differences and are not
due to intertester error.40 As the SEM
may be considered a within-subject stan-
dard deviation,41 it is likely that 68% of
scores will be within 1 standard devia-
tion or SEM of a normally distributed
sample.42–44 Previous research has
shown that people who are symptomatic

Figure 2.
Photograph showing the alignment of the protractor for the T8 method. The white line
indicates the vertical distance between the inferior angle of the scapula (upper crosshatch)
and the inferior aspect of the spinous process of T8 (lower crosshatch).
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have 19 to 23 mm more scapular eleva-
tion than those who are asymptomatic.7,8

As the results for reliability and validity in
this study identified a SEM of less than
5.7 mm for the T8 method, this finding
may indicate that the method may accu-
rately determine the difference between
people who are symptomatic and those
who are asymptomatic, particularly if
measured by only one tester.

The MDC accounts for 2 error compo-
nents when 2 measurements are being
taken, such as in a test-retest situation
(eg, preinterevention and postinterven-
tion), by incorporating the square root of
2.37 The formula for MDC used in this
statistical analysis utilized a z score of
1.96 to allow for a 95% confidence inter-
val.37,44 As a clinical example, if the MDC
for the T8 protractor method measured
before treatment by one clinician is 25
mm and the MDC measured after treat-
ment by a separate clinician is 35 mm,
this difference would likely be error, as
the intertester MDC for the T8 protractor
method at 15.3 mm is larger than the
10-mm test-retest change. If the post-

treatment value is 40.5 mm, it is not
likely to be error, as the MDC of 15.3 mm
is smaller than the test-retest change of
15.5 mm. If preintervention and post-
intervention measurements were taken
by one tester, the protractor method
would be able to pick up an even smaller
difference of 2.5 mm. To reliably and
accurately measure scapular position
using the T8 method, clinicians require a
right-angled metal protractor with a
spirit bubble fixed on each arm. A spirit
bubble on each arm is necessary for the
measurement of the left and right sides.

The results of this study may indicate
that the T8 method is a superior measure
compared with the C7 method, which
may be a result of a relative lack of cur-
vature in the thoracic spine at the level of
T8, making it easier to rest the protractor
on the individual for measurement. For
the C7 method, a substantial cervical lor-
dosis or thoracic kyphosis caused the
upper margin of the protractor to rest
against the occiput, and not the cervical
spine. Subsequently, the protractor
would be positioned posteriorly to the

skin marking, introducing potential par-
allax error. Additionally, greater consis-
tency between testers when identifying
the inferior angle of the scapula com-
pared with the medial aspect of the spine
of the scapula was evident. As a result,
the mean value for the T8 method was
less than 2.2 mm below the reference
standard of digital analysis, whereas
mean value for the C7 method was
greater than 10 mm above the reference
standard (Tab. 3, Fig. 3).

Previous authors have reported poor lev-
els of intertester reliability in palpation of
thoracic landmarks.45 Additionally, the
pilot study demonstrated that differences
between testers for landmark identifica-
tion would substantially affect validity.
Therefore, to ensure that the validity of
the protractor method was determined
and not the validity of palpation, the pro-
tractor method was compared with a dig-
ital 2D image using the testers’ own
landmarks.

Although da Costa et al22 also described
a measurement of vertical distance
between a spinal landmark and scapular
landmark, the measurement assessed the
distance between C7 and the posterior
angle of the acromion following a diago-
nal line. The protractor method, how-
ever, assesses a true measure of vertical
distance between landmarks at a right
angle to a horizontal plane. The current
study demonstrated a lower SEM (5.67
mm versus 6.4 mm) and a higher ICC
(.82 versus .76) than reported by da
Costa et al,22 indicating a more reliable
measure of elevation or depression of the
scapula. Other authors23 also have found
that a diagonal measure of scapular ele-
vation demonstrates poor reliability and
validity.

Table 2.
Intertester and Intratester Reliability Statistics for the C7 and T8 Protractor Methoda

Measure ICC (95% CI) SEM (mm) MDC (mm)

Intertester reliability

Tester 1 vs tester 2 C7 .78 (.55–.89) 6.3 17.3

Tester 1 vs tester 2 T8 .82 (.65–.91) 5.7 15.7

Intratester reliability

Tester 1 C7 .99 (.99–1.00) 0.8 2.2

Tester 1 T8 .99 (.99–1.00) 0.9 2.5

Tester 2 C7 .99 (.99–1.00) 0.9 2.5

Tester 2 T8 .99 (.99–1.00) 0.9 2.5

a ICC�intraclass correlation coefficient, CI�confidence interval, SEM�standard error of measurement,
MDC�minimal detectable change.

Table 3.
Validity Statistics for the Protractor Method Versus Photo 2D Analysis for Tester 1 and Tester 2 for Both C7 and T8a

Tester Comparison Correlation (P Value) Mean Difference (mm) (LOA) SEM (mm)

Tester 1 Protractor vs 2D C7 .83 (P�.001) 10.1 (�1.7 to 21.8) 4.2

Protractor vs 2D T8 .92 (P�.001) �2.2 (�11.8 to 7.4) 3.4

Tester 2 Protractor vs 2D C7 .76 (P�.001) 10.8 (�2.2 to 23.7) 4.6

Protractor vs 2D T8 .89 (P�.001) �2.4 (�13.5 to 8.6) 3.9

a Mean difference�mean difference between the protractor method (tester) and photo 2-dimensional (2D) analysis, LOA�limits of agreement,
SEM�standard error of measurement.
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Although other methods have been
shown to be effective in measuring scap-
ular position against the opposite side,11

such a method could potentially be lim-
ited due to the potential variance in posi-
tion of the opposite scapula. Differences
in scapular position between dominant
and nondominant sides can be usual in

people who are pain-free.11,46,47 There-
fore, a rehabilitation goal for scapular
dyskinesis that aims for scapular symme-
try may not be appropriate, and measure-
ment methods need to be designed with-
out comparison between scapulae.
Additionally, both shoulders of individu-
als who are symptomatic have been

shown to have an elevated scapular posi-
tion compared with individuals who are
asymptomatic.8,19 During humeral eleva-
tion. Inappropriate neuromuscular strat-
egies may potentially affect both shoul-
ders,46,48,49 altering the position of the
asymptomatic scapula. Using spinal land-
marks to measure scapular position
offers a more robust method of measure-
ment than a comparison to the opposite
scapula. Therefore, it is suggested that
the protractor method is a superior
method of measuring scapular position,
as it is a measure of resting scapular posi-
tion compared to a fixed spinal land-
mark, particularly as scapular position in
relation to the spine may vary consider-
ably among individuals.50

Previous research on asymptomatic and
symptomatic groups has identified that
the greatest variances in scapular eleva-
tion or depression were identified above
120 degrees of humeral elevation.6 The
current study utilized only measure-
ments in a resting position, with no mea-
surements of scapular position taken in
higher ranges or through shoulder range.
Given the lack of prior research regard-
ing the utility of the protractor method in
measuring scapular elevation during
motion and prior research that indicates
higher positions are important, future
research is needed to assess protractor
method utility in higher ranges or
through range of motion.

Future studies to determine normative
values, pathological threshold, and min-
imal clinically important difference
(MCID) for the T8 method would be use-
ful. Determining normative values for the
T8 method would allow appropriate
rehabilitation goal setting that does not
rely on within-patient comparisons
between scapulae. Normative values also
can be established for different athletic
populations such as tennis players and
swimmers, who may have a different
healthy scapular position from that of the
remainder of the population. Future
studies also could help to indicate
whether a measurable pathological
threshold value actually exists for scapu-
lar elevation or depression. Determining
a protractor-measured pathological
threshold could potentially provide a
specific outcome value for rehabilitation

Figure 3.
Bland-Altman plots for (A) C7, illustrating the difference between photo 2-dimensional (2D)
analysis and the protractor method for tester 1, and (B) T8, illustrating the difference between
photo 2D analysis and the protractor method for tester 1.
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goal setting. Additionally, determining a
protractor-measured MCID would help
clinicians to determine whether their
interventions are helpful to patients. A
comparison between the MDC given in
the present study and a protractor-
measured MCID would allow clinicians
to determine whether the protractor
method is sufficiently sensitive to detect
worthwhile changes.

In conclusion, both the C7 and T8 pro-
tractor methods were shown to have
moderate intertester reliability, with the
T8 method demonstrating superior reli-
ability and excellent validity. We recom-
mend the use of the T8 method for mea-
surement of resting scapular position,
although further research is needed to
assess the validity of this method
throughout movement or in different
scapular or glenohumeral positions and
planes.
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