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New Method to Assess Scapular Upward
Rotation in Subjects With Shoulder

Pathology

Michael P. Johnson, PT, MS, OCS'
Philip W. McClure, PT, PhD?
Andrew R. Karduna, PhD?

Study Design: Test-retest repeated measures and correlational design.

Objectives: To examine the reliability and validity of a “modified” digital inclinometer to
assess scapular upward rotation during humeral elevation in the scapular plane
Background: Evidence exists that scapular motion is related to shoulder pathology; however,
evaluation and treatment planning for shoulder rehabilitation often fails to include an
objective assessment of scapular motion.

Methods and Measures: Two-dimensional measurements by the inclinometer were taken
with the arm in a static position. These data were compared to 3-dimensional measurements
obtained using a magnetic tracking device with the arm fixed and during arm movement.
Both methods were used to assess scapular upward rotation positions with the arm at rest
and at 60°, 90°, and 120° of humeral elevation in the scapular plane. Both scapulae were
tested on a total of 39 subjects, 16 with shoulder pathology and 23 without. Reliability was
assessed using repeated measurements from the inclinometer. Validity was assessed using 2
separate comparisons: inclinometer and magnetic tracking device under static arm
conditions and inclinometer and magnetic tracking device during active arm elevation.
Reliability and validity were assessed at all 4 arm positions.

Results: Intraclass correlation coefficients (ICC [3,1]) varied from 0.89 to 0.96. Pearson
Product Moment correlation coefficients, used to assess validity of the static inclinometer,
varied from r = 0.74 to 0.92 compared with the static magnetic tracking measures, and
from r = 0.59 to 0.73 compared with the active magnetic tracking measures taken during
arm elevation.

Conclusions: The “modified” digital inclinometer demonstrated good to excellent intrarater
reliability and good to excellent validity when measuring scapular upward rotation during
static positions of humeral elevation in the scapular plane. J Orthop Sports Phys Ther 2001;
31:81-89.

Key Words: inclinometer, measurement, scapular kinematics, scapular plane,
three-dimensional
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he shoulder complex
allows the greatest
amount of mobility of
any joint in the body
and also provides a
stable base for the entire upper
extremity. Coordinated scapulo-
thoracic and glenohumeral move-
ments during arm elevation,
known as scapulohumeral
rhythm,'? provide range of motion
while allowing for proper length-
tension relationships between vari-
ous axioscapular and glenohumer-
al muscles. Controversy exists
about the overall ratio of move-
ment between the glenohumeral
and scapulothoracic articulations,
as well as changes in the ratio
throughout the arc of motion dur-
ing arm elevation.®101224.29 The
scapulohumeral rhythm was previ-
ously accepted as an approximate
2:1 ratio between glenohumeral
elevation and scapular upward ro-
tation. The ratio, however, is more
complex than originally described
by Inman?? and is affected by such
things as velocity of motion,*
plane of elevation,** and external
load 2425
The role of the scapula has gen-
erated much discussion about
shoulder dysfunction.!321.23.2735,38
Changes in the scapular rest posi-




TABLE 1. Descriptive statistics (mean * standard deviation) for all subjects included in the data analysis.

Age Height Weight
Subjects n (y) (cm) (kg) Hand dominance

Nonimpaired 23 3= 168 £ 9 63 + 14 Right = 20
Left =3

Pathology 16 38 £ 11 177 £ 10 87 £ 15 Right = 10
Left=6

Combined 39 35+ 11 7 b L 1] 73£18 Right = 30
Left =9

tion® and scapular motion®!** have been implicated
as potentially contributing to shoulder dysfunction.
Some of these changes have been observed in sub-
jects with impingement syndrome?® and rotator cuff
tears.?” Matsen and Arntz?® suggest that restricted sca-
pulothoracic motion may, over time, lead directly to
rotator cuff impingement and an eventual partial- or
full-thickness tear of the rotator cuff tendons. Altera-
tions in scapular position and motion may also con-
tribute to glenohumeral instability.’*** These factors
emphasize the need to consider scapular motion dui-
ing rehabilitation of the shoulder complex.

Early studies described the relationship between
glenohumeral and scapulothoracic motion using stat-
ic 2-dimensional (2-D) radiographs'®!2#® or goniome-
ters.® A 2-D analysis limits the ability to observe 3-di-
mensional (3-D) motion occurring within the shoul-
der complex and may poorly define scapular mo-
tions.® Researchers have begun to use static and
dynamic 3-D motion analyses to assess scapulohumer-
al kinematics,!5162021.24 byt few of these 2-D or 3-D
methods are easily applied in the clinical setting.

A standard physical therapy evaluation of the
shoulder observes the amount and quality of scapu-
lar motion during arm elevation.!”** Presently, clini-
cal assessments of scapular positions and motion with
the arm at rest and during elevation have been quali-
tative.??3 Recently, attempts have been made to
quantitatively assess scapular positions using simple,
clinical devices.”11:19:26.28.34.3640 Most of these studies
assessed methods to measure the scapular rest posi-
tion and demonstrate good to excellent intrarater
and interrater reliability.”.11:19.263436 A few studies®*
have addressed the reliability of universal goniome-
ters to assess the static position of the scapula
through the range of arm elevation; however, this
method appears unreliable.*® Furthermore, no stud-
ies have attempted to validate a clinically applicable
2-D measurement method that assesses the position
of the scapula.

We sought to answer the following questions re-
garding the assessment of scapular upward rotation
positions during humeral elevation in the scapular
plane: (1) what is the intrarater reliability of using a
“modified” digital inclinometer; (2) what is the con-
current validity, under static arm conditions, between
a digital inclinometer and a 3-D electromagnetic
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tracking system; and (3) what is the criterion-related
validity between a digital inclinometer, under static
arm conditions, and a 3-D electromagnetic tracking
system under dynamic arm conditions?

METHODS

Subjects

Thirty-nine subjects with (n = 16) and without (n
= 23) a history of shoulder pathology were recruited
from a sample of convenience. Table 1 provides de-
scriptive information about the subjects. Patients
were solicited from local outpatient physical therapy
clinics, and subjects without pathology were solicited
from within the student-faculty population at MCP
Hahnemann University and the general public.

Inclusion criteria for subjects with shoulder pathol-
ogy were (1) a diagnosis of shoulder pathology deter-
mined by an orthopaedic surgeon, (2) at least 120°
of active arm elevation, and (8) examination of the
patient by a physical therapist would normally in-
clude active range of motion measurements for
shoulder elevation. Exclusion criteria included (1)
congenital defect of the scapula (ie, Sprengel’s defor-
mity), (2) history of trauma or surgery to the rib
cage or thoracic spine, or (3) known neuromuscular
disorders.** Most subjects were diagnosed as having
shoulder impingement syndrome, rotator cuff tears,
or glenohumeral instability.

Subjects without shoulder pathology had no histo-
ry of a shoulder or cervical pathology requiring med-
ical evaluation. Exclusion criteria were the same as
for subjects with shoulder pathology. All subjects
signed a written consent and the MCP Hahnemann
University Internal Review Board approved the use of
human subjects for this study.

Two-dimensional Measurements

A Pro 360 digital protractor (inclinometer) (Mack-
lanburg Duncan, Oklahoma City, Okla) was used to
assess static positions of scapular upward rotation.
The inclinometer is capable of measuring angles
from a horizontal reference and is designed to be ac-
curate within 0.1°.

The inclinometer was modified using 2 wooden lo-
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FIGURE 1. “Modified” Pro 360 digital protractor. Both wooden locator
rods were attached to the device during testing.

cator rods, approximately 10 cm in length, which
were attached to the bottom of the instrument (Fig-
ure 1). Each rod had square and Y-shaped ends. The
square end, when connected to the inclinometer,
permitted adjustment (rotation) of the distal end to
different widths of the subjects’ scapulae. Prior to
testing with the inclinometer, the locator rods were
adjusted to the length of the scapular spine by mov-
ing the 2 Y-shaped ends over the root of the scapular
spine and posterolateral acromion. A small bubble
level was attached to the left side of the inclinometer
(Figure 1). This level was used to determine anterior-
posterior rotation of the device about an axis parallel
to the scapular spine. Maintaining the body of the
inclinometer in a plane perpendicular to the hori-
zontal plane is important because previous research
indicates that anterior/posterior rotation or “out-of-
plane” movement will increase error in digital incli-
nometer measurements.®’ Data from the inclinome-
ter were recorded on separate forms for each bout
of testing.

Four arm positions were assessed: arm at rest, 60°,
90° and 120° of static humeral elevation in the scap-
ular plane. All of the arm positions are clinically rele-
vant and consistent with previous literature »!71839
The number of humeral positions tested was limited
to minimize time and improve the potential for clini-
cal application of the method. McQuade et al** pro-
pose that the plane of humeral elevation used may
influence the scapulohumeral rhythm. In our study,
humeral elevation in the scapular plane was chosen
because it has been suggested as the most functional
plane for arm elevation.* Use of the scapular plane
for assessment of shoulder kinematics®20:21:24.29.39 and
rehabilitation of the shoulder complex!*174% has
been most common in the literature.

Three-dimensional Measurements

A magnetic tracking device (Polhemus 3Space
FasTrak, Colchester, Vt) was also used to assess static
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FIGURE 2. Measurements taken with the magnetic tracking device during
3 bouts of dynamic arm elevation in the scapular plane.

positions of scapular upward rotation. It is capable of
assessing bony position and orientation in 3 planes
(6 degrees of freedom).! Small sensors that are
mounted on bony segments act as receivers and de-
tect an electromagnetic signal emitted from a trans-
mitter that is attached to a stationary base. Each re-
ceiver is capable of detecting position and orienta-
tion in 3 dimensions.

Raw data collected from the magnetic tracking de-
vice were converted to rotations with respect to ana-
tomically appropriate coordinate axis systems, as pre-
viously described.’® A summary of this procedure can
be found in the appendix. Three scapular rotations
were collected, but only 1 (upward rotation) was
used in this study. For the purposes of this study, a
global reference frame defined by a transmitter and
local reference frames located on the humerus and
scapula were used. Lightweight receivers were mount-
ed to the skin overlying the humerus (just proximal
to the medial-lateral epicondyles) and scapula (along
the scapular spine) with the use of plastic mounting
devices, straps, and adhesive tape (Figure 2). The
scapular-mounted device was shown to be valid for
assessing 3-D scapular kinematics using surface sen-
sors in a previous study.’® In that study, output from
a skin-mounted sensor was compared with output
from a sensor that was mounted on pins surgically
implanted into the scapula of 8 nonimpaired subjects
during a wide range of shoulder motions. The inves-
tigators found a mean error of 3.5° when assessing
scapular upward rotation during scapular plane mo-
tion. Raw data from the magnetic tracking device
were fed into the serial port of a personal computer
and processed using LabView 3.1(National Instru-
ments, Austin, Tex) and Microsoft Excel 5.0 (Micro-
soft, Inc, Redmond, Wash) software. Both 3-D and 2-
D methods measure humeral and scapular motion
with respect to cardinal planes (global reference) in-
stead of with respect to another bony segment such
as the thorax (anatomic reference).

In addition to the static positions described above,
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FIGURE 3. Concurrent measurements of scapular upward rotation using
the inclinometer and magnetic tracking device with the arm held at 90-,

the magnetic tracking device was also used continu-
ously to assess dynamic scapular upward rotation dur-
ing humeral elevation. These measurements were
taken during the same test session and consisted of
active arm elevation through the subjects’ full range
of humeral elevation in the scapular plane.

Procedure

Subjects were asked to stand in a normal, relaxed
posture and elevate the arm as far as possible. A pole
placed on a line, angled 40° from the frontal plane
of the subject, insured positioning of the arm in the
scapular plane. Subjects were instructed to keep their
hand open with their thumb pointing toward the
ceiling when tested at the 60°, 90°, and 120° humeral
positions. Placement of the inclinometer over the
midshaft of the humerus was used to determine posi-
tions of 60° 90°, and 120° of humeral elevation prior
to each measurement. Subjects maintained hand po-
sition in relation to dash marks on the pole while
measurements were taken (approximately 10-15 sec-
onds) and were then instructed to relax. A rest peri-
od of 5 seconds was allowed before initiating mea-
surements at another position.

Prior to each test session, the following variables
were randomized and their order of testing was
marked on the data collection sheet: (a) test arm
(left or right); (b) test position (arm at rest, 60°, 90°,
and 120°); and (c) test type (static versus dynamic).

The 3 types of testing during an overall measure-
ment session included the following: (a) Two mea-
surements each, from both the inclinometer and
magnetic tracking device, were taken alternately at
each static arm position (Figure 3); (b) Two mea-
surements, using only the inclinometer, were taken
separately at each static arm position (Figure 4)
which occurred either 20 minutes before or after the
previously described testing; (c) Dynamic measure-
ments, using only the magnetic tracking device, were
taken either prior to or directly following the static
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FIGURE 4. Measurements taken with the inclinometer with the arm held
in the rest position.

measurements (Figure 2). Subjects were asked to ele-
vate the test arm from the rest position through
their full range of motion once or twice as a practice
motion. The speed of arm motion was controlled us-
ing a verbal cadence of 3 seconds for humeral eleva-
tion and depression. Data were collected during 3
bouts of dynamic, active arm elevation. A rest period
of 30 seconds was allowed after the completion of a
test before initiating another test.

Data Analysis

Mean scores derived from 2 measurements (static
testing) or 3 measurements (dynamic testing) at each
arm position (rest, 60°, 90°, and 120°) were used for
data analysis. Subjects were used as a single group
and were not separated based on type or presence of
shoulder pathology. Paired ¢ tests were performed to
compare differences between the dominant and non-
dominant arms at each arm position. Comparisons
were made between arms for each of the 3 measure-
ment methods: inclinometer, magnetic tracking de-
vice (static), and magnetic tracking device (dynam-
ic). A Bonferroni adjustment was made to correct for
alpha level inflation due to multiple f tests being per-
formed. The adjusted significance level was P <
0125 (.05/4).

Intraclass correlation coefficients (ICC [3,1]),*
means, standard deviations, standard errors of the
mean (SEM), and 95% confidence intervals (ClI) for
the correlation coefficients were assessed at each of
the 4 humeral positions based on the inclinometer
data. Intraclass correlation coefficient calculations
were based on a repeated measures ANOVA design
with 2 measurements across 39 subjects.*

Pearson Product Moment correlation coefficients
and regression equations were used to compare static
inclinometer with static magnetic tracking device and
static inclinometer with dynamic magnetic tracking
device measurements at all 4 arm positions.

Most data analyses were performed using the SPSS

J Orthop Sports Phys Ther«Volume 31+Number 2« February 2001




TABLE 2. Intrarater reliability for dominant and nondominant arms at each static position using the inclinometer.

Arm Trial 1% Trial 2*
position Am Mean (D) Mean (D) ICC G3,1) 95% Cl SEM*
Rest D 29(65) 21(63) 0.90 0.82-0.95 20

ND 34(58) 28(6.1) 0.89 0.80-0.94 20

60° D 9.5 (89) 113 (9.7) 091 0.84-0.96 28

ND 10.8 (7.4) 11.1(8.0) 0.89 0.80-0.94 25

90° D 21.9(10.5) 225(11.2) 0.94 0.89-0.97 26
ND 227 (67) 233 (6.6) 0.89 0.80-0.94 22

120° D 37.8(9.7) 386 (10.1) 0.9 0.93-0.98 2.0
ND 399 (6.9) 399 (6.8) 0.90 0.82-0.95 21

(! indicates confidence interval; D, dominant; ND, nondominant; SEM, standard error of the mean.

* All units are in degrees.

1 the arm held (version 7.5.1) for Windows statistical package (SPSS, values improved for both arms as humeral elevation
Inc, Chicago, Ill). Intraclass correlation coefficient increased and were greatest at the 120° position.
values were calculated using a custom DOS-based sta- Table 3 lists Pearson Product Moment correlation

ol ke tistical program. coefficients comparing use of the inclinometer to the

ough magrfe.tic trackiflg device under static and dynamic

a practice RESULTS conditions. Static comparisons between both instru-

woled ae ments (r = 0.74-0.92) showed a better correlation

pal Ebeie- Both shoulders were tested on all 39 subjects (Ta-  than did static inclinometer measures compared with
uring 3 ble 1), except in 3 cases where 1 arm did not meet magnetic tracking device measurements taken dy-

est period the inclusion criteria. Paired ¢ tests revealed no signif- namically (» = 0.59-0.73). Also, correlation coeffi-

st GE 2 icant differences (P > .0125) between the dominant  cients were consistently higher for the dominant arm
and nondominant arms at all 4 positions of humeral  during both comparisons.
elevation in the scapular plane. Statistical assump-
tons .of data distribution were assessed and met the DISCUSSION
criteria for all analyses performed.

its (static Intraclass cc')r'relan.on coefficient (3,1) values for in- The inclinometer demonstrated good to excellent

) di wacly | TR RRIENER i e cimanen o e intrarater reliability within a single session at all 4

: used for scapular upward rotation at the ‘4 humeral positions, jeyels of humeral elevation in the scapular plane

. group varied from _0.89 to 0.96 (Table 2’)‘ 1CCs were higher (ICC [3,1] = 0.89 to 0.96). The ICC model 3,1 was

resence of for the dominant versus nondominant scapula. These e cifically chosen because it is the most appropriate

formed to for assessing intrarater reliability.3*3* For both arms

t and non- TABLE 3. Comparisons between scapulae using the 2-D inclinometerand ~ at all humeral levels, the 95% confidence intervals of

parisons 3-D magnetic tracking device measurement methods. the ICC were within the range of good to excellent

measure- Arm reliability (0.80-0.98) and standard errors of mea-

king de- position  Arm I Slope  Interceptt MDt surement were less than 3° (Table 2).

(dynam- Static The reliability of assessing scapular positions using

correct for Rest D 0.86 1.20 6.7 70 simple, clinically available measurement methods has

being per- ND 0.86 120 8.5 95 been addressed in the literature.”1:19.263440 However,

B 60° D 0.92 1.20 6.4 8.5 most research studies have only assessed the scapular

o ND 0.79 0.94 8.4 7.7 rest position, while our study examined 4 positions.

3.3 o NDD ggg gg; :gg 1‘3% Our results compared well with previous research

s of the 120° D 0.85 0.92 18.0 14.4 with respect to intrarater reliability of assessing the

i (CI) Tor ND 0.74 1.10 9.1 129 scapular rest position (Table 4). However, all the list-

t each of Dynamic ed studies used nonimpaired subjects who had no

nometer Rest D 0.72 0.93 10.0 10.0 history of shoulder pathology. The generalizability of

ilations ND 0.69 1.10 11.0 112 their findings is limited to that of a nonimpaired

A design 60° D 0.73 0.69 16.0 126 population, whereas our study included subjects with

= ND 0.59 0.74 160 12.9 a range of common shoulder pathologies. We chose
efficients " NDD gzi ggg :‘;;g :i? to include subjects with and without shoulder pathol-
1pare static 120° D 0.72 0.73 22.0 10.9 ogy because a standard physical therapy examination
device and ND 0.73 1.10 40 10.1 of joint mobility will typically assess both the involved

tracking
3 the SPSS

February 2001

MD indicates mean difference; D, dominant; ND, nondominant.
* Pearson Product Moment correlation coefficient.
t All units are in degrees.
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and uninvolved joints.
The lateral scapular slide test, as described by Kib-
ler'? and modified by Davies et al,* measures the
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TABLE 4. Intrarater reliability. Comparison of different methods to assess the scapular rest position.

Instrument Reliability
Author Side Method (unit of measurement) coefficient Statistical test
DiVeta” D Distance from T3 to inferior an- String (cm) 0.94 ICC (1,1)
gle of the acromion
Gibson' D Distance from T3 to inferior an- String (cm) 0.92-0.95 ICC (2,1)
ND gle of the acromion 0.93-03.95
T'Jonck?s D Distance from T3 to inferior an- String (cm) 0.90 ICC ()
ND gle of the acromion 0.89
Gibson" D Distance between thoracic Tape measure (cm) 0.92-0.94 ICC (2,1)
ND spine and medial border of 0.91-0.93
the scapula
T’Joncke® D Distance between thoracic Tape measure (cm) 0.93 ICC ()
ND spine and medial border of 0.83
the scapula
Sobush** D Distances between scapular Scoliometer (cm) 0.96 ICC (2,1)
ND landmarks and corresponding 0.84
midline points
Current study D Angle between the scapular Inclinometer (degrees) 0.91 ICC3,1
ND spine and horizontal 0.89

D indicates dominant; ND, nondominant.

scapula at 5 different positions of humeral elevation.
Substantive differences in the arm positions and a
lack of reported reliability coefficients by Kibler'
and Davies* make comparisons with our method dif-
ficult. However, the intrarater reliability of this meth-
od in assessing scapular rest position, as performed
by Gibson et al,'! has been presented (Table 4). The
ICC values are slightly higher using the Kibler meth-
od, but their method relies on a linear measurement
(centimeters) while our method uses an angular
measurement (degrees) for assessing scapular rest
position.

Doody et al® presented data on scapular upward
rotation measurements at 30™increments of humeral
elevation using a universal goniometer. Although the
reliability of this method has been questioned,* the
results provide the only other comparison of scapular
positions at the same 4 humeral positions used in
our study (Table 5). The study by Doody et al® used
a vertical reference and the scapular spine to mea-
sure scapular positions, while our study used a hori-
zontal reference and the scapular spine. Therefore,
the values from Doody et al,® shown for comparison,
were derived by subtracting 90° from the actual val-
ues reported. The differences in mean scapular posi-
tion are less than 4° in all 4 humeral positions.

The inclinometer demonstrated good to excellent

TABLE 5. Comparison of methods to assess scapular upward rotation at 4
static humeral positions.

Ak Mean scapular position* SD*
position Doody® Current study Doody*  Current study
Rest 5.0 2.8 34 6.1

60° 14.6 10.7 53 8.5

90° 238 226 6.5 8.9
120° 40.7 39.1 6.9 8.4

* All units are in degrees.

86

concurrent validity under static conditions when
compared with the magnetic tracking device. Al-
though mean differences varied from 7° to 14°, the
intercepts from the regression equation varied from
6° to 18° at each arm position (Table 3). These find-
ings suggest that the differences are more likely due
to systematic error than actual differences between
the measurement methods. The inclinometer as-
sessed scapular position using the scapular spine as a
reference, while the magnetic tracking device used
the acromion process. The use of different land-
marks can result in similar changes in rotation, rep-
resented by dissimilar values.® The slopes from the
regression equations range from 0.92 to 1.20 at all 4
arm positions. This demonstrates a positive correla-
tion in which there was a 0.92° to 1.20° increase in
scapular upward rotation, as measured by the mag-
netic tracking device for each 1° change seen with
the inclinometer, suggesting that the 2 methods are
measuring similar changes in scapular upward rota-
tion during humeral elevation in the scapular plane
(Figures 5 and 6).

70
60 B Inclinometer T
B Tracking Device

50/l O Tracking Device

0|

Seapular Upward Rotation
(degrees)

120

Humeral Position (degrees)

FIGURE 5. Nondominant scapular position (mean * SD) at each humeral
position using the 3 measurement methods.

] Orthop Sports Phys TherVolume 31+ Number 2+ February 2001



stical test

—

st

220

hen

'y __Al'

L4°, the
ed from
ese find-
kely due
etween
T a8
pine as a
¢ used
and-

on, rep-
ym the
Jatall 4
correla-
ease in
e mag-
n with
10ds are
rd rota-
ar plane

120

gach humeral

shruary 2001

?U - e ————
Bl Inclinometer (static) 1
B Tracking Device (static)

Tracking Device (dynamic)

60

504

Scapular Upward Rotation
(degrees)

0 60 a0 120
Humeral Position (degrees)

FIGURE 6. Dominant scapular position (mean * $D) at each humeral
position using the 3 measurement methods.

Correlation coefficients were lower for the non-
dominant arm during reliability and validity testing
under static conditions. This may be due, in part, to
less variability amongst the nondominant arm data
(see standard deviations in Table 2), since correla-
tion coefficients are affected by the heterogeneity
(ie, range of scores) within a data set.®®

The inclinometer demonstrated good criterion-re-
lated validity when compared with the measurements
taken by the magnetic tracking device under dynam-
ic conditions in assessing scapular upward rotation
during humeral elevation in the scapular plane.
Mean differences varied from 10.0° to 13.1°, while
the intercepts and the slopes varied from 4.0° to
992.0° and 0.53° to 1.1° at the 4 arm positions, respec-
tively (Table 3). These findings suggest that the 2
methods are measuring similar changes in scapular
upward rotation. However, given the discrepancies
between mean differences, intercepts and slopes
(versus the static comparison), systematic €rror can-
not fully account for the differences between the
measurement methods. This is predominantly evi-
dent at the higher levels of elevation.

Figure 7 shows a scatter plot of the nondominant
arm at 120° of humeral elevation under static and
dynamic conditions. There is a pattern of less scapu-
lar upward rotation during dynamic testing with the
magnetic tracking device (see Figures 5 and 6). Simi-
lar findings were seen by de Groot et al® and Mi-
chiels and Grevenstein® when studying the effects of
velocity on the scapulohumeral rhythm. This may be
due to differing inertial forces and central nervous
system demands present during dynamic arm eleva-
tion. Perhaps increased upward rotation of the scapu-
la is required to maintain glenohumeral stability
when the arm is held in a static overhead position.
While further research is necessary, our study dem-
onstrates that differences in scapular upward rotation
during static versus dynamic arm elevation appear to
exist, particularly at positions above 90° of humeral
elevation.

A review of the literature revealed no research
comparing a 2-D clinically applicable method with a

J Orthop Sports Phys Ther«Volume 31 +Number 2.« February 2001
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FIGURE 7. Scatterplots of nondominant arm data at 120° of humeral el-
evation comparing inclinometer (static) and magnetic tracking device (stat-
ic and dynamic) measurements.

3-D method for assessing scapular motion. Therefore,
we were unable to compare our findings with previ-
ous studies of this nature.

Our study was designed to measure intrasession in-
trarater reliability. Interpretation of the results can
be generalized only to one tester during one testing
session. In order to be clinically applicable, a method
must demonstrate excellent reliability among a varie-
ty of testers and across testing sessions (intersession
interrater reliability).

Our study was limited to assessment of 2-dimen-
sional scapular upward rotation using the inclinome-
ter. Perhaps upward rotation is not the only (or the
most important) scapular motion to consider with
shoulder pathology. A few studies have assessed other
scapular kinematic variables using clinically applica-
ble methods.*71126283¢ More research is needed to
determine which motion or combination of scapular
motions is most important to assess with patients who
have shoulder pathology.

The tester in our study was not blinded to the
measurements taken with the inclinometer. However,
once the inclinometer was positioned, the tester
could “freeze” the measurement using a “hold” but-
ton on the device. This diminished the need to mon-
itor the digital readout, enabling the tester to focus
on maintaining proper placement of the device. Sep-
arate data collection forms were used for each test
session which allowed the tester to be blinded from
the initial measurements. Nonetheless, lack of true
tester blinding presents a limitation to this study.

Suggested areas of future research include interra-
ter reliability and between groups testing on subjects
with and without shoulder pathology. This should
identify whether differences in scapular upward rota-
tion exists. Reliability for assessing humeral range of
motion, as well as motion of other body segments,
could be an area for further investigation using the
digital inclinometer.

CONCLUSION

The “modified” Pro 360 digital inclinometer dem-
onstrated excellent intrarater reliability in assessing
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scapular upward rotation at 4 static positions of hu-
meral elevation in the scapular plane. This level of
reliability is limited to use of the instrument by one
tester during the same testing session. The inclinom-
eter has also demonstrated good to excellent concur-
rent validity, compared with a magnetic tracking de-
vice, in assessing scapular upward rotation. Further
interrater reliability testing is warranted since intrara-
ter reliability and concurrent validity have been es-
tablished.

The inclinometer provides clinicians with a useful
adjunct to glenohumeral goniometry during the as-
sessment of shoulder motion. The objective informa-
tion obtained from the inclinometer may improve
the clinical assessment and documentation of patient
progress, therefore enhancing our ability to effective-
ly measure treatment outcomes.
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APPENDIX

The arbitrary axes defined by the magnetic tracking device were converted to anatomically appropriate embedded axes. For
both the scapula and humerus, bony landmarks were used to define medial-lateral (ML), superior-inferior (S1), and anterior-
posterior (AP) axes. The scapular ML axis was defined by a vector connecting the acromioclavicular joint and root of the
scapular spine, the AP axis was defined by a vector perpendicular to the plane defined by these 2 points and the inferior angle
and the Sl axis was defined as the cross product of the first 2 axes. For the humerus, the SI axis was defined by a vector
connecting the center of the humeral head to the midpoint between the medial and lateral epicondyles, the AP axis was
defined by a vector perpendicular to the plane defined by these 3 points and the ML axis was defined as the cross product of
the first 2 axes.

All landmarks were surface points and could thus be located directly with a digitizer connected to the magnetic tracking
device, except for the center of the humeral head. This was defined as the point on the humerus that moved the least with
respect to the scapula when the humerus was moved through short arcs (<< 45 degrees) of midrange glenohumeral motion and
was calculated using a least-squares algorithm.

Standard matrix transformation methods were used to determine the rotational matrix of the humerus and scapula with
respect to the global reference frame.’” Humeral rotations were represented using a standard Euler angle sequence in which
the first rotation defined the plane of elevation, the second rotation described the amount of elevation, and the last rotation
represented the amount of internal-external rotation.! Scapular rotations were represented using an Euler angle sequence of
external-internal rotation (Sl axis), upward-downward rotation (AP axis), and anterior-posterior tilting (ML axis).’” Based on our
previous study validating the accuracy of mounting a sensor on the scapula, a correction factor was developed'® and was used
in our study.
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