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Reliability and Minimal Detectable
Change ot 3-Dimensional Scapular
Orientation in Individuals With
and Without Shoulder Impingement

capulothoracic movement results from a complex interaction of

sternoclavicular and acromioclavicular joint motion.'?! There
is evidence that alterations of this motion pattern are associated
with shoulder pathologies, such as shoulder impingement

and rotator cuff disease.?*2%?32 However,
there are some inconsistencies and dis-
crepancies regarding scapular orientation
alterations across studies.??

Electromagnetic devices are com-
monly used to measure 3-D scapular ori-
entation during shoulder movements in
healthy subjects and individuals with dif-

© STUDY DESIGN: Clinical measurement.

© OBJECTIVE: To establish trial-to-trial within-day
and between-day reliability, standard error of
measurement, and minimal detectable change of
scapular orientation during elevation and lowering
of the arm, and with the arm relaxed at the side, in
individuals with and without shoulder impinge-
ment.

© BACKGROUND: Electromagnetic devices are
commonly used to measure 3-D scapular kinemat-
ics during arm elevation in different conditions and
for intervention studies. However, there is a lack

of studies that evaluate within- and between-day
reliability of these measurements.

© METHODS: The subjects were allocated to
either a control group or an impingement group.
Kinematic data were collected using the Flock

of Birds electromagnetic device during elevation
and lowering of the arm in the sagittal plane on

2 different occasions, separated by 3 to 5 days.
Forty-nine subjects were tested for within-day
reliability. Forty-three subjects were reassessed for
between-day reliability.

@ RESULTS: Intraclass correlation coefficients for
within- and between-day assessment of scapular
orientation during elevation and lowering of the
arm in both groups ranged from 0.92 to 0.99

and from 0.54 to 0.88, respectively. Intraclass
correlation coefficients for assessment of scapular
orientation with the arms relaxed at the side

in both groups ranged from 0.66 to 0.95. The
standard error of measurement for between-day
measurements ranged from 3.37° to 7.44° for
both groups. The minimal detectable change for
between-day measurements increased from 7.81°
at the lower to 17.27° at the higher humerothoracic
elevation angles.

© CONCLUSION: These results support the use of
Flock of Birds to measure scapular orientations in
subjects with and without impingement symptoms.
The measurements showed excellent within-day
reliability but were not highly reliable over time.
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ferent shoulder conditions.!9-21:23-253137.38
The use of a skin-based sensor attached
to the scapula has previously been shown
to be a valid method to measure scapular
orientation and motion when compared
to a bone-based technique.* Despite the
wide use of surface sensors to assess 3-D
scapular orientation in different shoul-
der conditions, limited data are available
concerning reliability of these methods.
Only 1 study® has specifically evalu-
ated the reliability of measurement of
scapular orientation and showed that the
within-day was better than the between-
day reliability in young, healthy subjects.
The authors® also recommended the
use of arm elevation in the sagittal plane
when the most repeatable scapular pat-
tern is desired. Although Thigpen et al*?
have contributed to the literature, their
results cannot be generalized, as they only
evaluated healthy subjects and elevation
of the arm. It is also important to mea-
sure scapular orientation in people with
shoulder dysfunction and when lowering
the arm. Most importantly, a number of
recent studies have investigated the effi-
cacy of therapeutic interventions by mak-
ing kinematic evaluations of subjects on
different days without a clear knowledge
of between-day reliability.!>*** Better
documentation of the reliability of 3-D
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scapular orientation measurements using
an electromagnetic system, quantified
using intraclass correlation coefficients
(ICCs), standard errors of measurement
(SEMs), and minimal detectable change
(MDC), is important for future research
and clinical decision making. This in-
formation will improve the ability to
interpret differences in scapular orien-
tation between trials and between days.
Considering that scapular dyskinesia is
commonly observed in individuals with
shoulder impingement,'®2° and that it
can vary from day to day due to fatigue
or intensity of symptoms,”® scapular ki-
nematics could be less reliable in these
individuals compared to healthy controls.

The purpose of this study was to de-
termine trial-to-trial within-day and
between-day reliability of surface-sensor
measurement of scapular orientation
during elevation and lowering of the arm,
and with the arm relaxed at the side, in
healthy subjects and subjects with shoul-
der impingement symptoms. A second-
ary objective was to establish SEM and
MDC values to facilitate clinical inter-
pretation of scapular kinematic change
over time.

METHODS

Subjects
F THE 49 INDIVIDUALS WHO PAR-
ticipated in the study, 23 were in
the control group and 26 were in
the impingement group. The symptomat-
ic participants in the impingement group
were recruited with flyers posted on the
university premises, in orthopaedic clin-
ics, and in community public places. Par-
ticipants in the control group, who had
no shoulder symptoms or impairments,
were recruited from the university and
surrounding community, as well as
through personal contacts of the inves-
tigators. The basic descriptive character-
istics of the subjects are given in TABLE 1.
The diagnosis of shoulder impinge-
ment was based on a clinical screening
examination and self-reported ortho-
paedic history. To be classified as having
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TABLE 1

DEMOGRAPHIC CHARACTERISTICS OF THE SUBJECTS*

Between-Day Reliability (n = 43)

Duration of pain, mo
Duration between
evaluations, d

Control Group Impingement Group Control Group Impingement Group
(n=23) (n=26) (n=19) (n=24)

Age,y 2777 = 6.84 2965 + 909 2811 +729 2992 + 940
Weight, kg 62.66 = 11.22 76.50 = 13.55 62.66 + 11.89 7592 + 1396
Height, m 167 = 0.09 173+ 010 166 = 0.09 173+ 010
BMI, kg/m? 22.33 =265 2542 + 345 2259 =276 25.39 = 355
Evaluated shoulder 7 dominant, 16 16 dominant, 10 4 dominant, 15 16 dominant, 8

nondominant nondominant nondominant nondominant

4162 = 64.82

42,04 + 66.85

324 117 342+ 071

Abbreviation: BMI, body mass index.

*Values are mean + SD except for evaluated shoulder.

shoulder impingement, subjects had to
present with at least 3 of the following:
positive Neer impingement test,?s posi-
tive Hawkins-Kennedy impingement
test,® pain with isometric resisted shoul-
der abduction,”® pain with passive® or
isometric resisted shoulder lateral rota-
tion,?**° pain with active shoulder eleva-
tion," pain with palpation of rotator cuff
tendons, and pain in the C5 or C6 derma-
tome region.?” All subjects had to achieve
150° of active arm elevation. Exclusion
criteria were pregnancy, systemic illness-
es, physical therapy treatment within 6
months prior to the evaluation, signs of a
complete rotator cuff tear (positive drop-
arm test'), cervical spine-related symp-
toms, glenohumeral instability (positive
apprehension, anterior drawer, or sulcus
test?), or previous upper extremity frac-
ture or shoulder surgery. Control subjects
were excluded if they presented with any
complaints of cervical or shoulder pain,
any positive test for shoulder impinge-
ment®'>?8 or instability,?® history of upper
extremity fractures, pregnancy, or sys-
temic illnesses. This study was approved
by the Ethics Committee of the Federal
University of Sdo Carlos (465/2011). The
subjects gave their written and informed
consent to participate in this study, which
was conducted according to the Helsinki
Declaration.

Only the shoulder on the symptomatic
side was evaluated in subjects with shoul-
der impingement, and the side evaluated
in the asymptomatic group was randomly
determined with a computer-randomized
list.

Three-Dimensional Kinematics
Kinematic data were collected on 2 dif-
ferent occasions, separated by 3 to 5 days.
On the first day, 49 subjects were tested
to determine trial-to-trial within-day re-
liability of 3 trials of elevation and low-
ering of the arm. Forty-three of the 49
subjects were reassessed on a second day
to determine between-day reliability of
the mean of 3 trials on each testing day.
The examiner was blinded to the initial-
day measures at the time of retesting.
All within- and between-day testing was
completed by the same examiner, who
was a physical therapist with 4 years of
experience in manual therapy and palpa-
tion techniques.

For 3-D measurements, data capture
and analysis were completed using Flock
of Birds hardware (miniBIRD; Ascension
Technology Corporation, Shelburne, VT)
integrated with MotionMonitor software
(Innovative Sports Training, Inc, Chi-
cago, IL). The Flock of Birds is a direct-
current electromagnetic tracking device
able to locate multiple sensors relative
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to a source transmitter. The transmitter
produces an electromagnetic field that
induces current into the sensors with
3 embedded orthogonal coils. The 3-D
position and orientation of each sensor
were tracked simultaneously at sampling
rates of 100 Hz. The sensors are small
(1.8 x 0.8 x 0.8 cm) and lightweight. In
a metal-free environment up to a 76-cm
distance from the transmitter, the root-
mean-square accuracy of the system is
0.5° for orientation and 0.18 cm for po-
sition, as reported by the manufacturer.
One of the sensors is attached to a stylus
with known offsets to digitize anatomical
landmarks for building the joint coordi-
nate systems.

The electromagnetic sensors were
attached with double-sided adhesive
tape to the sternum, to the acromion of
the scapula, and to a thermoplastic cuff
that was secured to the distal humerus
to track humeral motion. These surface-
sensor placements have been previously
used.>19:202531 Bony landmarks on the tho-
rax, scapula, and humerus were palpated
and digitized to allow transformation
of the sensor data to local anatomically
based coordinate systems. Digitizing in-
volves bringing a stylus with an embed-
ded electromagnetic sensor and known
tip offsets to the palpated landmark loca-
tion and digitally recording the 3-D coor-
dinate locations relative to the respective
segment sensor. Thorax landmarks in-
cluded the sternal notch, C7 spinous
process, T8 spinous process, and xiphoid
process. Scapular landmarks included
the root of the spine, the posterolateral
acromion, and the inferior angle of the
scapula. Humerus landmarks included
the lateral and medial epicondyles. The
center of the humeral head was estimat-
ed by moving the arm passively through
short arcs (less than 45°) to define the
pivot point.?

Local coordinate systems were es-
tablished for the trunk, scapula, and
humerus using the digitized landmarks,
following the International Society of
Biomechanics’ recommended protocol.?
The z-axis was pointing laterally, the a-

axis anteriorly, and the y-axis superiorly
for the right-side data analysis for all
segments. The axis orientation for the
left side was changed such that the z-axis
pointed laterally, the a-axis posteriorly,
and the y-axis superiorly. These 3 axes
defined the cardinal planes for the trunk.
The y-axis was formed by the vector join-
ing the midpoints between the C7 spi-
nous process and the sternal notch and
between the T8 spinous process and the
xiphoid process. The z-axis was directed
perpendicular to the sagittal plane. The
a-axis was perpendicular to the z-axis
and y-axis. To define the axes of the scap-
ula, the z-axis was defined in the plane of
the scapula from the root of the scapular
spine to the posterolateral acromion. The
a-axis was perpendicular to the plane of
the scapula. The y-axis was perpendicu-
lar to the z-axis and x-axis.

The y-a-z sequence was used to de-
scribe the scapular orientation relative to
the trunk. For the scapula, the orienta-
tions were described in the order of inter-
nal/external rotation, upward/downward
rotation, and anterior/posterior tilt. The
humeral position with reference to the
trunk was determined using the y-a’-y”
sequence. The first rotation defined the
plane of elevation, the second defined the
humeral elevation angle, and the third
defined internal /external rotation.

Data were collected with the subjects
standing in front of the transmitter, with
their feet a comfortable width apart and
the arm relaxed at the side of the body.
This position was maintained through-
out the digitization and testing proce-
dures. After mounting of the receivers
and digitization of landmarks, data were
collected with the arms relaxed at the
side, and then arm elevation and lower-
ing in the sagittal plane were performed.
The sagittal plane was determined with
a flat planar surface in 90° of arm el-
evation to ensure the proper plane of
elevation during active flexion. During
elevation, subjects were instructed to
keep their thumb pointing up, to slide
their hand on the board, and to elevate
their arm at a rate of approximately 3

seconds to complete the movement.
Lowering was performed at the same
rate. Three complete cycles of movement
were completed.

Pain was monitored immediately af-
ter each trial of elevation and lowering
of the arm with the numeric pain rating
scale. Subjects were asked to rate their
pain with performing the full movement
on a scale ranging from 0 (no pain) to 10
(worst pain).

Data Analysis

Data analysis for scapular orientation
was performed for selected angles of hu-
merothoracic elevation (30°, 60°, 90°,
and 120°) and lowering (120°, 90°, 60°,
and 30°). Descriptive statistics (mean
and standard error) were calculated for
all scapular orientation angles (internal/
external rotation, upward/downward ro-
tation, and posterior/anterior tilt). The
relative reliability for the measurements
of each scapular orientation was deter-
mined by calculating ICCs for trial-to-
trial within-day reliability (ICC,“) and
between-day reliability (ICCM).” With-
in-day reliability was calculated based
on data from 3 trials performed on the
first day, and between-day reliability was
estimated using the mean of 3 trials per-
formed on 2 separate days. For all analy-
ses, the ICC values were considered poor
when below 0.20, fair from 0.21 to 0.40,
moderate from 0.41 to 0.60, good from
0.61 to 0.80, and very good from 0.81 to
1.00.2 All analyses were performed using
SPSS Version 17 (SPSS Inc, Chicago, IL).
The absolute reliability was determined
by calculating the SEM and the MDC,
for each humeral angle: SEM = \WMS,
where WMS is the within-subject mean
square error term from 1-way analysis of
variance'®; and MDC, = SEM x V2 x 1.64
at the 90% confidence level.**?

The SEM provides a value for random
measurement error in the same unit as
the measurement itself, quantifies with-
in-subject variability, and reflects the
amount of measurement error for any
given trial (within-day reliability) and
for any test occasion (between-day reli-
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TRIAL-TO-TRIAL WITHIN-DAY RELIABILITY
FOR MEASUREMENTS OF SCAPULAR
TABLE 2 ORIENTATION DURING ARM ELEVATION AND
LOWERING AT 4 ANGLES OF HUMEROTHORACIC
ELEVATION IN THE SAGITTAL PLANE
IcC* SEM, deg IcC* SEM, deg
Scapular internal rotation
Elevation
30° 097 (095, 099) 123 098 (098, 099) 138
60° 097 (094, 098) 143 098 (096, 099) 1.57
90° 096 (092, 098) 185 098 (096, 099) 2.02
120° 098 (097,099) 164 098 (097,099) 253
Lowering
120° 099 (098, 099) 140 098 (097,099) 2.68
90° 098 (096, 099) 163 099 (098, 099) 192
60° 097 (094, 098) 146 098 (097,099) 1.86
30° 097 (095, 099) 124 098 (096, 099) 161
Scapular upward rotation
Elevation
30° 097 (095,099) 158 097 (094,098) 172
60° 095 (0.89, 097) 227 095 (091, 097) 2.50
90° 094 (0.87,097) 260 095 (090, 097) 301
120° 096 (092, 098) 191 097 (095,098) 248
Lowering
120° 094 (0.89,097) 216 096 (092, 098) 279
90° 093 (0.85,096) 3.07 092 (0.86, 0.96) 317
60° 095 (091, 098) 2.36 095 (091, 098) 2.69
30° 097 (094, 099) 2.20 098 (096, 099) 193
Scapular tilt
Elevation
30° 099 (098, 099) 0.86 097 (095, 099) 143
60° 099 (098, 099) 092 098 (0.97,099) 1.23
90° 099 (098, 1.00) 102 098 (096, 099) 1.67
120° 099 (098, 099) 120 099 (098, 099) 178
Lowering
120° 099 (098, 099) 116 099 (098, 099) 174
90° 098 (097,099) 142 098 (097,099) 161
60° 098 (097,099) 149 097 (095,098) 179
30° 098 (096, 099) 140 098 (0.97,099) 131
Abbreviations: ICC, intraclass correlation coefficient; SEM, standard error of measurement.
*Values in parentheses are 95% confidence interval.

ability).?'® This type of reliability is more
clinically applicable on a day-to-day ba-
sis than the relative reliability coefficient.”
The MDC is an estimate of the smallest
amount of change between separate mea-
sures that can be detected objectively as
true change outside of the measurement

error.”?>% This calculation helps clini-
cal decision making as to whether the
change score in individual performance
represents real change.**” The MDC, is
frequently used when the outcomes aid
decisions regarding effectiveness of an
intervention.*

RESULTS

SYMPTOMATIC SUBJECTS EXPERI-
Aenced no pain, whereas the aver-
age pain rating in the symptomatic
group was 2.3 on day 1 and 2.0 on day 2.

Within-Day Reliability

ICC and SEM values for trial-to-trial
within-day reliability ranged from 0.92
to 0.99 and from 0.86° to 3.17°, respec-
tively, for all scapular orientation mea-
surements in both groups (TABLE 2).

Between-Day Reliability
FIGURES 1 and 2 show the scapular orien-
tations for the control and impingement
groups during arm elevation and lower-
ing for both evaluation days. In general,
the scapula demonstrated increased in-
ternal and upward rotation, progressed
from anterior to posterior tilt during ele-
vation of the arm, and returned to the ini-
tial position during lowering of the arm.
TABLE 3 shows between-day reliability
data (ICC, SEM, and MDC values) for
scapular internal rotation, upward ro-
tation, and tilt for both groups at each
humerothoracic angle. ICCs ranged
from 0.58 to 0.88 and from 0.54 to 0.85
for the control group and impingement
group, respectively. SEM values ranged
from 3.37° to 6.79° for the control group
and from 3.62° to 7.44° for the impinge-
ment group. MDC values ranged from
7.81° to 15.76° for the control group and
from 8.41° to 17.27° for the impingement
group. For assessing scapular orientation
with the arms relaxed at the side, ICCs
ranged from 0.66 to 0.95, SEM values
from 2.77° to 4.95°, and MDC values from
6.43° to 11.50° in both groups (TABLE 3).

DISCUSSION

HREE-DIMENSIONAL  SCAPULAR
Tevaluation has been widely used
to evaluate shoulder movement in
asymptomatic subjects¥?%31%%3¢ and in
different shoulder conditions.?*?*2* Mea-

surements of scapular orientations must
be reliable to determine alterations over
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time and the efficacy of injury-prevention
and rehabilitation programs prescribed
to restore shoulder kinematics. This
study shows that trial-to-trial within-day
reliability is generally present to 3° or less
during arm elevation and lowering in the
sagittal plane for both asymptomatic sub-
jects and individuals with shoulder pain
consistent with shoulder impingement.
With regard to between-day reliability, it
is questionable, as measurement errors
for scapular orientation can reach 7°, de-
pending on the humeral angle during el-
evation and lowering of the arm, for both
populations.

Limited information about within-
day reliability of scapular orientations as-
sessed with surface sensors is available in

the literature. Ludewig and Cook?° found
very good trial-to-trial reliability of the
FASTRAK system (Polhemus, Colchester,
VT) for all scapular orientations (ICC =
0.93-0.99) in subjects with impingement
symptoms under different load conditions
during arm elevation. Thigpen et al®?
demonstrated good reliability of scapular
measures for 3 trials of arm elevation in
the scapular, frontal, and sagittal planes
with the Flock of Birds system (Ascension
Technology Corporation) in asymptom-
atic subjects. Because the tools used to
measure reliability in the previous study*?
were different from those in the current
study (coefficients of multiple correlation
and ICC, respectively), direct compari-
sons are limited, as the ICC values reflect

the reliability of the scapular orientation
for defined angles and the coefficients of
multiple correlation throughout the range
of humeral elevation. These past investi-
gations showed trial-to-trial reliability
only for arm elevation,??? whereas the
current study also reports trial-to-trial
within-day reliability for lowering of the
arm, with ICC values ranging from 0.92
to 0.99 for all scapular orientations in
symptomatic and asymptomatic subjects.

Considering trial-to-trial errors of
3-D measurements of scapular orienta-
tions with surface sensors, Thigpen et al?
showed good reliability with low root-
mean-square errors (ranging from 1.35°
t0 1.74°) during elevation of the arm in all
planes evaluated. Our trial-to-trial with-
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BETWEEN-DAY RELIABILITY FOR MEASUREMENTS
OF SCAPULAR ORIENTATION DURING ARM
TABLE 3 ELEVATION AND LOWERING AT 4 ANGLES OF
HUMEROTHORACIC ELEVATION IN THE SAGITTAL
PLANE AND WITH THE ARM RELAXED AT THE SIDE
SEM, mDC,, SEM, MDC,,
IcC* deg deg Icc* deg deg
Scapular internal rotation
Elevation
30° 0.71(0.26, 0.89) 364 844  077(0.48,090) 362 841
60° 0.71(0.26, 0.89) 381 884  075(0.43,089) 416 966
90° 077 (0.40,091) 429 995  076(0.44,096) 5.37 12.47
120° 0.82(0.53,093) 579 1343 0.84(0.63,093) 702 16.28
Lowering
120° 0.84(0.58,093) 6.07 1408  0.85(0.65 093) 709 16.44
90° 0.81(0.51, 093) 479 1110 0.83(061,092) 560 13.00
60° 071(0.24,0.89) 4.36 1011 0.82(0.59,092) 438 1016
30° 0.58(-0.08,084) 433 1004 0.80(0.54,091) 383 839
Arms relaxed at the side 095 (0.87, 0.98) 495 1150  0.83(0.60,092) 3.09 717
Scapular upward rotation
Elevation
30° 072 (0.27,0.89) 421 976  0.83(0.60,092) 404 9.37
60° 079 (0.46, 092) 450 1043 079(0.52,091) 4.45 10.32
90° 078 (0.42,091) 5.31 1231 066(0.22,0.85) 598 13.87
120° 070 (0.22, 0.88) 6.79 1576 059(0.05,0.82) 723 1678
Lowering
120° 075 (0.36, 090) 6.10 1416 064(016,0.84) 6.53 15.15
90° 0.84(0.58,094) 4388 1133 073(0.37.0.88) 561 13.02
60° 0.88 (070, 0.95) 411 954  0.83(0.60,092) 496 1151
30° 078 (0.43,091) 4.42 1025  0.85(0.65,093) 470 1090
Arms relaxed at the side  0.80 (0.47,0.92) 374 869  0.82(0.59, 092) 378 878
Scapular tilt
Elevation
30° 073 (0.27,090) 3.37 781 061(0.11,0.83) 405 940
60° 077 (0.39, 091) 3.53 820  0.66(0.21,0.85) 412 957
90° 0.74 (0.31,090) 490 11.37  055(-0.02,0381) 599 13.89
120° 0.74 (0.30, 090) 551 1277 069(0.30,0.87) 744 1727
Lowering
120° 0.64(0.06, 0.87) 6.01 1394 073(0.37,0.88) 720 1671
90° 072 (0.25, 0.89) 516 1197  054(-006,080) 696 16.15
60° 077 (0.39, 091) 437 1013 054(-005080) 536 1243
30° 079 (0.45,092) 360 834  061(010,083) 4.49 1041
Arms relaxed at the side  0.81(0.48, 093) 2.77 643  066(0.21,0.85) 338 7.85
Abbreviations: ICC, intraclass correlation coefficient; MDC, minimal detectable change; SEM,
standard error of measurement.
*Values in parentheses are 95% confidence interval.

in-day SEM values (from 0.86° to 2.60°)
during arm elevation for asymptomatic

subjects compare favorably with those of
the previous investigation. In the current

study, SEM values during arm elevation
in subjects with impingement symptoms
(from 1.23° to 3.01°) and during lower-
ing of the arm in both symptomatic and
asymptomatic subjects (from 1.16° to
3.17°) were also calculated.

Thigpen et al®?* also reported good
between-day reliability for the scapular
orientations during arm elevation in the
sagittal plane in asymptomatic subjects
and found the sagittal plane to be more
repeatable between days than the coro-
nal and scapular planes. In the current
investigation, only arm elevation in the
sagittal plane was evaluated, and the be-
tween-day reliability ranged from poor to
very good (ICC confidence intervals from
-0.08 to 0.96), depending on the scapu-
lar orientation and on the humeral angle
during elevation and lowering of the arm,
for both groups of subjects.

Ludewig and Cook?° calculated the
SEM for between-day comparison for 5 of
their subjects (with and without shoulder
impingement symptoms) for all angular
variables and reported 3.3° or less for
all phases and load conditions. Our data
show higher SEM values (from 2.77° to
7.44°) than those of the previous inves-
tigation. This difference may be due to
the fact that Ludewig and Cook*° used
only a subset of their subjects to calcu-
late errors of measurement, whereas the
sample size of the present study was sig-
nificantly bigger. A qualitative analysis of
SEM values shows that most of them are
higher during lowering of the arm and at
higher angles of humeral elevation. It is
important to consider that the amount of
error is dependent on the range of eleva-
tion," where less error is likely to appear
at lower angles of arm elevation.

In this study, the symptomatic sub-
jects appeared to have higher body mass
index than the asymptomatic subjects
(TABLE 1). This condition could have con-
tributed to more difficulty when palpat-
ing or digitizing anatomical landmarks,
or greater skin-motion artifact during
movement, leading to higher SEM values
when descriptively comparing the symp-
tomatic group to the asymptomatic group
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for the between-day reliability in almost
all conditions.

The wide confidence intervals of the
ICCs, together with the moderate values
of the ICCs for between-day reliability
observed in all scapular orientations, re-
sult in uncertainty about the point esti-
mate, with the true reliability potentially
being anywhere within the confidence
interval in both directions. Thus, these
results should be interpreted with cau-
tion when aiming to measure alterations
in 3-D scapular orientations over time
in asymptomatic subjects and subjects
with impingement symptoms. Also, it
is important to consider the magnitude
of each scapular orientation when inter-
preting the reliability. Considering the
SEM as a percentage of the mean at each
humeral angle, the relative reliability
was low (8%-15%) for scapular internal
rotation, very high (greater than 100%)
for scapular tilt, and lower (16%-35%) at
higher humeral angles than lower angles
of arm elevation for scapular upward ro-
tation. This suggests that it may be more
difficult to identify meaningful change
for scapular tilt, for instance, as the actu-
al values are low in magnitude compared
to the magnitude of reliability.

The current investigation also pro-
vides the MDC, | values for scapular ori-
entation, ranging approximately from 9°
to 17°, depending on the humeral angle,
where descriptively higher MDC val-
ues were generally observed as humeral
elevation angles increased (TABLE 3).
Changes exceeding the MDC represent
the amount by which a subject’s measure
needs to change to be sure the change
is greater than measurement error.”>>°
Our data show that the MDC is 20% or
greater of the respective mean value for
each position tested. As such, individual
subject changes after intervention are not
likely to exceed the MDC in many cases.
Subsequently, the measurements are not
highly reliable over time when considered
on an individual-subject basis.

On the other hand, in group samples,
effects could be detected with the device
dependent on the sample size. Although

the amount of change that is meaningful
and beneficial for the patient is yet to be
determined, it does not mean that angu-
lar changes below MDC values are not
clinically important. Recent studies have
used 5° of difference between groups
for all scapular orientations as clinically
meaningful angular differences,®*° but it
is important to consider that between-
day differences of 5° or less may be due
to measurement errors and to the effects
of the study interventions. Researchers
should be cautious when assessing 3-D
scapular orientation once it is known
that many factors can influence the mea-
surement, such as skin-slip errors, place-
ment of the scapular sensor, digitizing
variations, and difficulty in palpating the
bony landmarks.?®*? More studies are
necessary to determine the detectable
and minimal clinically important differ-
ence for scapular orientations.

Wide confidence intervals were also
demonstrated for assessing orientation of
the scapula relative to the thorax with the
arms relaxed at the side. Asymptomatic
individuals presented ICC values from
0.80 to 0.95. The upward rotation and
scapular tilt confidence intervals went
as low as 0.47 and 0.48, respectively.
Moreover, SEM values for internal ro-
tation were the largest, reaching 5°. For
the impingement group, fair to very good
between-day reliability was observed,
and SEM values were around 3.4° for
all scapular orientations. However, the
confidence intervals went as low as 0.21
for scapular tilt and as low as 0.59 for the
internal and upward rotation. MDC, val-
ues for scapular orientation with the arms
relaxed at the side ranged from 6.43° to
11.50° for both groups. Again, this fact de-
serves attention because measures after
intervention are not likely to exceed the
MDC in many cases, as discussed above.

The current study has some limita-
tions. Collecting scapular orientation
with surface sensors results in errors as-
sociated with skin motion during data
collection. These skin-motion artifacts
can be highly reliable. The reliability
measures of this investigation do not ac-

count for systematic skin-motion errors
that are generally larger and typically
result in underrepresentation of under-
lying bone motion. Such errors can only
be identified with a validity study. This
study also involved a short time duration
of data collection, without many repeti-
tions. Within-day reliability values may
not be generalized to long time dura-
tions of data collection, as sensor move-
ments due to sweating, gravity, or pull
on the sensor cord may not be accounted
for. Between-day reliability of scapular
measures with skin-based sensors could
have been influenced by digitizing varia-
tions and difficulty of palpating scapular
bone landmarks. The results of this study
can be generalizable to asymptomatic
subjects and individuals with shoulder
impingement symptoms, but not nec-
essarily for other shoulder pathologies.
Although Thigpen et al*?> recommended
elevation in the sagittal plane as the
most reliable, the present study evalu-
ated only elevation and lowering of the
arm in the sagittal plane performed at a
relatively slow speed. As such, reliability
of other motions or for higher speeds of
different movements, such as throwing
or wheelchair propelling, may be less.
Further investigations should determine
whether the experience of the evaluator
may influence the measurements. Finally,
additional studies should determine the
sensitivity to change and minimal clini-
cally important difference'® for scapular
orientations to aid in the interpretation
of interventional study results.

CONCLUSION

HIS STUDY PROVIDES NEW KNOWL-

edge of within- and between-day

reliability for scapular orientation
in individuals with and without shoulder
impingement symptoms. These results
support the use of the Flock of Birds
(Ascension Technology Corporation) to
measure scapular orientations, with ex-
cellent within-day reliability. Although
some measurements may present accept-
able reliability over time, depending on
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the angle of humeral elevation, caution
should be taken when interpreting these
results, as wide confidence intervals and
relatively high SEM and MDC values
were present. ®

IKEY POINTS

FINDINGS: The measurement of 3-D
scapular orientation in individuals with
and without impingement symptoms,
using the Flock of Birds electromagnetic
device (Ascension Technology Corpora-
tion), shows adequate within-day reli-
ability and questionable between-day
reliability.

IMPLICATIONS: The information contained
in this study may be used by clinicians
to determine whether change observed
between testing sessions reflects true
change or random error.

CAUTION: These results are not generaliz-
able to other shoulder pathologies, other
movements of the arm, and measures
with multiple raters. The between-day
reliability of the device should be inter-
preted with caution because of the wide
ICC confidence intervals and limitations
described in this study.
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