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he shoulder girdle is an

arrangement of three

bones, four articulations,

and numerous muscles

which must interact in a
highly coordinated and complex
manner in order to elevate the arm
and position the hand for use. Be-
cause the glenohumeral joint is
highly mobile and inherenty unsta-
ble, it is essential that the scapula
and corresponding musculature per-
form several crucial functions. While
some authors (3,12) state that nor-
mal scapular orientation at rest main-
tains the glenoid surface in an up-
ward tilt which enhances passive
stability of the glenohumera] joint,
others (11,16) state that the resting
position of the glenoid fossa is down-
ward. During elevation of the arm,
the scapula must follow the humeral
head with a lateral or upward rota-
tion in order to facilitate congruency
of the glenohumeral Joint and, thus,
maximize stability. It is also impera-
tive that the acromion process elevate
and rotate in relation to the greater
tuberosity of the humerus in order to
avoid impingement of soft tissues in
the subacromial space. In addition to
demands for mobility, the scapula
must also be capable of dynamic sta-
bility during arm elevation in order
to afford the movers of the glenohu-
meral joint a stable base with which
to position the arm.

100

Current shoulder rehabilitation programs encourage scapular stabilization components
although, to date, no scientific studies have evaluated changes in scapular position foliowing such
rehabilitation. Four different measurement methods of scapular position have been reported in the
literature. The purpose of this study was to examine the intratester and intertester refiability of these
four methods and to also examine if significant differences exist in scapular position between
dominant and nondominant extremities, Thirty-two subjects volunteered for this studly. Infraclass
correlation coefficients (1CC) revealed acceptable intratester refiability (ICC = 0.81-0.95} for all
measurement methods. However, while one method also proved to be acceptable (ICC = 0.91-.92)
for intertester measurements, the other three methods were unacceptable (ICC = 0.18-0.69). One
tester reported significant differences in scapular position of the dominant and nondominant
extremities when using the most refiable method. The second tester found no significant differences

with either method. Future research is recomimen

measure subjects with shoulder pathology.

ded to reexamine refiability of these methods and
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An understanding of principles
of normal seapular motion during
arm elevation coupled with skilled
observation of scapular position may
assist the clinician in detecting and
monitoring shoulder girdle patholo-
gies. For example, premature scapu-
lar motion during humeral abduction
may signify a restricted glenohumeral
Joint characteristic of adhesive capsu-
litis. However, even with the develo
ment of observational skill, clinicians
do not presently have a simple and

reliable means to objectively quantify
scapular position during the course
of arm elevation. Standard goniomet-
ric measurements, while helpful in
quantifyving restrictions of glenochu-
meral motion, do not make distinc
tions as to the relative contributions
of shoulder girdle components to
this motion.

Shoulder girdie biomechanics,
including the relationship of humeral
motigre to scapular motion during
elevation of the arm, have been well
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studied. Inman et al (13) used ¥adio-
graphs to quantify the ratio of gleno-
humeral movement to scapulotho-
racic movement occurring during
humeral abduction. Many researchers
have subsequently undertaken similar
studies that have reported variations
in the original findings (1,9,11,16,
17). Others have attempted to define
scapular instant centers of rotation
during arm elevation, and their find-
ings have proven valuable in deter-
mining the contributions of different
muscles to scapular movement (1,10,
16). Electromyographic studies have
also greatly increased our under-
standing of relative muscular contri-
butions (2,6,13,17). However, these
studies have all utilized equipment
for data collection that clinicians typi-
cally do not have readily available for
such analysis.

Researchers recently have at-
tempted to devise simple, practical,
and reliable means of quantifying
scapular position (7,14,15). DeVita et
al (7) used a piece of string to meas-
ure linear distance between the spi-
nous process of the third thoracic
vertebrae and the inferior angle of
the acromion process of the scapula.
This study was limited to measures of
the scapula when the arn: was at rest
at the side, Neiers and Worrell (15)
replicated DeVita et al’s measure-
ment method and reported similar
intratester reliability for scapular po-
sition but found the measures to nor-
malize scapular abduction for subject
size to be unreliable. Kibler (14) dis-
cussed measurement of “lateral slide”
of the scapula in three different posi-
tions of humeral abduction. Kibler
used a linear measurement from the
nearest spinous process to the infe-
rior angle of the scapula. No data
regarding reliability of repeated meas-
ures using the Kibler methods were
reported.

The DeVita et al and Kibler stud-
ies are the only studies which explain
clinically practical measurement tech-
niques to quantify scapular position.
Before such measures can ever be
considered valid in elucidating bio-
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mechanical abnormalities or pathol-
ogy, they must first be proven reli-
able. Therefore, the purpose of this
study was threefold: 1) to determine
the intratester reliability of the four
aforementioned measurement meth-
ods, 2) to determine the intertester
reliability of these methods, and 3) if
acceptable reliability is established, to
determine if differences exist be-
tween scapular position of the domi-
nant vs. nondominant extremity.

METHODS
Subjects

Thirty-two healthy, nonathletic
subjects {17 male, 15 female) without
a history of previous pathology or
surgery to either shoulder girdle par-
ticipated in this study on a voluntary
basis (age range = 22-34 years, X =
26.16 years; height range = 157.5-
198.1 em, X = 175.82 cm). Prior to
participating in this study, all subjects
read and signed an informed consent
approved by the University of Indi-
anapolis Committee on Research In-
volving Human Participants.

Instrumentation and Procedures

During the measurement proce-
dure, five people were present in the
examination room: two subjects, two
testers, and one recorder. Subjects
were required to have their vertebrae
and scapulae exposed for visualiza-
tion and palpation. Each tester pal-
pated the cervical spinous processes
of their subject to locate C7. This
landmark was determined to be the
first prominent spinous process while
palpating caudally that remained con-
sistently positioned when the subject
extended the cervical spine. Next,
the tester sequentially palpated the
thoracic spinous processes to locate
T3, and this landmark was marked
with a Yeinch adhesive square. The
tester then continued to palpate cau-
dally to locate the T8 spinous process
and mark it in a similar manner,

Each tester conducted a measure
of scapular position on the subject’s
dominant side as described by DeVita
et al:

“The subject then stood in a re-
laxed position for 30 seconds
before the same examiner pal-
pated the inferior angle of the
acromion. The examiner then
used an unmarked section of
string to measure the distance
from the inferior angle of the
acromion to the spinous process
of the third thoracic vertehrae.
The outstretched piece of string
was marked at the site of the
palpated inferior angle of the
acromion and at the tagged
third thoracic spinous process.
The linear distance from the
third thoracic vertebra to the
inferior angle of the acromion
was defined as the total scapular
distance” (7, p. 472).

The tester transferred the string
to a metric rule fastened to a table,
and the recorder read and recorded
the measurement in ¢m so that the
tester was blinded to the results. The
tester then released the measure, re-
turned to the subject, and repeated
the measurement so that an average
value could be calculated. DeVita et
al also measured the length of the
scapula from the inferior angle of the
acromion to the medial border along
the spine and then divided the scapu-
lar distance by this measure in order
to normalize scapular abduction for
subject size. DeVita et al reported fair
reliability (ICC = .78) for this nor-
malized scapular abduction, but
Neiers and Worrell reported poor
reliability (ICC = .34) for this meas-
ure in their study. Therefore, we
chose to perform only the initial
measure as described for scapular
position.

Immediately following the meas-
urements using the DeVita et al tech-
nique, the tester continued on the
same subject’s dominant side with
the three measures described by
Kibler. Kibler established the nearest
spinous process as the medial point
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DeVita = DeVita ef al measurement.
K-1 = Kibler measurement #7.

K-2 = Kibler measurement #2.

K-3 = Kibler measurament #3,

D= Dominant,

ND = Nondominant.

TABLE 1. Descriptive data for detesmining scapular position (mean of four measures for each method).

of the measurement. For the purpose
of this study, we established T8 for
standardization as the nearest spi-
nous process and measured to the
inferior angle of the scapula. These
measures were taken with string with
the subject’s arm in three different
positions. The first position was the
arm relaxed at the side, the second
was the subject’s hand on the hip
with the web space between the
thumb and second finger placed on
the lateral iliac crest, and the third
was with the arm abducted 1o 90° a5
measured with a standard goniome-
ter. Two measurements were taken at
each position to allow calculation of
an average. Each measurement was
read and recorded in the same man-
ner as described for the DeVita et al
technique.

After completing the measure-
menis for the single DeVita et al and
the three Kibler positions on the sub-
Ject's dominant side, the entire pro-
cedure was repeated on the non-
dominant side. When these
measurements were compleied, the
tags marking the spinous processes
Were removed; the testers switched
subjects, located, and remarked the
Spinous processes; and the entire
measurement procedure was re-
peated. The subject then returned to
his/her original tester for remeasure-
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ment using both measurement meth-
ods on the dominant and nondomi-
nant sides and, ﬁnaily, returned to
the second tester for repeat of the
Same process. Thus, each tester used
both the DeVita et al and the Kibler
measurement techniques twice for
each subject,

Data Analysis

Means, standard deviations, and
ranges of scapular distance as meas-
ured by each tester were calculated
for the single DeVita et al and three
Kibler positions. In addition, means
and mean differences were calculated
to compare the subjects’ dominant
vs. nondominant sides,

Intraclass correlation coefficients
(ICC) (2,1) were calculated to deter-
mine reliability (18). The ICC was
based upon a repeated measures
analysis of variance (ANOVA) (v =
32) which compared the means of
the two measures taken at each pPosi-
tion. To calculate intratester reliabil-
ity, the mean values of the two meas-
ures taken during each of the two
trials by the same tester on one sub-
Jject were compared. To calculate in-
teriester reliability, the mean values
of the two measures constituting the
first trial for one tester on a given
subject were compared with thoge

from the first trial of the second
tester on the same subject. For the
purpose of this study, the ICCs were
classified as follows: <.69, poor corre-
lation; .'70-.79, fair correlation; .80
-89, good correlation; and 90-1.00,
high correlation (5).

The standard error of measure-
ment (SEM) (SD v/ 1-ICC) was used
to determine the measurement error
associated with repeated scapular
measurements (4). The SEM is ex-
pressed in the same units as the origi-
nal measurement, Therefore, the
SEM is meaningful because the ac-
tual measurement error is known for
a given tester and measurement
method. The SEM is plus or minus
the value of interest, For example,
for tester 1, using the DeVits, et al
technique to measure the dominant
side, the mean was 21.64 ¢m (Table
1) * 49 em (SEM) (Table 2), which
means that 68% of the time the mea-
sure will be within .49 cm above or
below the mean valye.

Probability values (p) are re-
ported from the repeated measures
ANOVA. The p value indicates
whether significant differences exist
between repeated measures. For reli-
ability purposes, the 2 values should
be greater than .05, which indicates
no significant difference existed be-
tween measurement sessions.
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*p < 0.05.
DeVita = DeVita et al measurement.
K-T = Kibler measurement #1.

K-2 = Kibler measurement #2.

K-3 = Kibler measurement #3.

D = Dominant.

ND = Nondominant.

TABLE 2. Infratester reliability.

For comparison of the scapular
position (mean of four measures for
each téster and method) of the domi-
nant vs. nondominant extremity, an
independent ¢ test was used. A Bon-
ferroni adjustment was made to cor-
rect for alpha level inflation resulting
from muttiple ¢ tests. The adjusted
alpha level for these data were, there-
fore, calculated to be p < 0.006
(0.05/8).

RESULTS

The descriptive statistics of scapu-
lar measurements are illustrated in
Table 1, The means (four measures
for each tester and method) obtained
by tester 2 for the three Kibler posi-
tions were consistently smaller than
those obtained by tester 1.

The ICC, SEM, and £ values for
intratester reliability are shown in
Tabie 2. The ICC ranged from .92 to
95 for the DeVita et al method and
from .81 o .94 for the Kibler meth-
ods. The SEM ranged from .49 to .59
for the DeVita et al method and from
44 to 79 for the Kibler methods.
Significant differences occurred be-
tween measures of tester 1 for the
dominant arm with both Kibler mea-
sures 1 and 2.
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The ICC, SEM, and # values for
intertester reliability are presented in
Table 3. The ICC of the DeVita et al
method exceeded that of the Kibler
methods, and the IGC of the three
Kibler measures declined sequentially
from position 1 to position 3. The
SEM values ranged from .60 to 1.65,
the smaller value occurring with the
DeVita et al technique. The SEM
then increased progressively from
Kibler measures 1 to 3. Probability
values were nonsignificant for the

DeVita et al comparison, but signifi-
cant differences were noted between
testers on all Kibler measures,

The means, mean differences,
and # values for the intratester com-
parison of dominant vs. nondomi-
nant sides are illustrated in Table 4.
Means were consistently greater for
the dominant side than the nondomi-
nant side. However, using the ad-
Justed alpha level, these differences
were only significant for the DeVita
et al measures of tester 2.

*p < (.05,

DeVita = DeVita et al measurement.
K-1 = Kibler measurement #1.

K-2 = Kibler measurement #2.

K-3 = Kibler measurement #3.

£y = Dominant.

ND = Nondominant,

TABLE 3. Intertester reliability.
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*p < 0.006,

DeVita = DeVita et al measurement.
K-T = Kibler measiurement #1.

K-2 = Kibler measurement #2.

K-3 = Kibler measurement #3.

D = Dominant.

ND = Nondominant.

TABLE 4. Dominant vs. nondaminant extremity comparisons using independent t fests with corrected alpha level (p = 0.006) {mean of four measures for each tester and

method).

DISCUSSION

Intratester Reliability

Incratester reliability of each
tester using the DeVita et al measure-
ment method was high. These find-
ings are in agreement with both
DeVita et al (ICC = .94) and Neiers
and Worrell (ICC = .80). Intratester
reliability of the Kibler measurement
method was also high for position 1
and ranged from good to high for
positions 2 and 3. However, despite
acceptable ICC values, significant dit
ferences existed using the Kibler 1
and 2 measures of the dominant arm
for tester 1. The fact that significant
differences existed for Kibler meas-
ures 1 and 2 indicates that the larger
Imeasurement error was associated
with these technigques for one tester.
Therefore, caution should be used
when using the Kibler technique as
performed in this study.

While the ICCs provide informa-
tion about relative reliability or the
relationship between repeated meas-
ures, the SEM provides information
about absolute reliability or the vari-
ability of scores with repeated meas-
ures (8). We believe that the SEM
values are acceptable in comparison
to the mean values. As an exampile,
an SEM of .5 cm wirh a mean of 10
cm indicates that the actual scapular
distanice would range between 9 to 11
cm 96% of the time.
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Intertester Reliability

The intertester reliability value
for the DeVita et al measurement
method was high, and the p value
revealed no significant differences
obtained by the two testers. Neither
DeVita et al nor Neiers and Worrell
examined intertester reliability, and
we could locate no other studies for
comparison. Intertester reliability val-
ues for the Kibler measurement
methods were all poor, and the p val-
ues demonstrated significance in dif-
ferences between testers for all Kibler
measures. We believe that this was
due largely to differences in measuz-
ing to the inferior angle of the scap-
ula by the two testers, While the land-
mark used in the DeVita et al
technique (the inferior angle of the
acromion process) is relatively dis-
crete, the inferior angle of the scap-
ula used in the Kibler measures is
not. This landmark assumes different
contours on different subjects and
typically describes an arc rather than
a point. Because tester 2°s Kibler val-
ues were consistently lower than
tester 1's, it is postulated that per-
haps tester 2 measured to the verte-
bral border of the inferior angle
while perhaps tester 1 measured to
the most inferior point on the scap-
ula. Intraclass correlation coefficients
measure the extent to which multiple
measures agree or are equal rather
than simply the extent.to which they

are associated (18), which could ex-
plain good to high intratester reliabil-
ity but poor intertester reliability us-
ing the Kibler measurement method.
The SEM values increased in compar-
ison to the intratester values for all
measurement techniques and also
increased progressively within the
Kibler technique from position 1 to
position 3. This would be expected as
the SEM is calculated from both the
SD and ICC and, thus, a decrease in
the ICC will increase the SEM.

Dominant vs. Nondominant
Comparison

We found consistently larger
means for the dominant extremity in
comparison to the nondominant one
using both the DeVita et al and the
three Kibler measurement methods.
Using the adjusted alpha level
{0.006) to correct for multiple f tests,
these differences were only signifi-
cant as measured by one tester using
the DeVita et al method. The other
tester’s results were nonsignificant,
and no significant differences were
found by either tester using the three
Kibler measures. Perhaps these find-
ings should not be surprising in a
sample which is neither athletic nor
engaged in heavy or repetitive man-
ual-work favoring the dominant ex-
tremity.
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Limitations

Our subject sample consisted of
normal, nonathletic individuals.
Therefore, caution must be used in
extrapolating these {indings to other
populations.

Despite the testers each having
several years of clinical experience
(tester 1 = 11 years, tester 2 = 6
years), we found palpation of the
landmarks to be difficult at times,
primarily for the Kibler measures.
For Kibler measures 2 and 3, the lat-
eral rotation of the scapula was ac-
companied by increasing approxima-
tion of the inferior angle against the
rib cage in contrast to its relative
prominence when using the DeViia
et al and Kibler 1 measure. For
Kibler measure 3, the dorsal muscle
contraction produced by the active
humeral abduction also made the
inferior angle of the scapula more
difficult to palpate accurately, As de-
scribed earlier, the lack of a discrete,
standardized point on the inferior
angle of the scapula for these mea-
sures was believed 10 contribute to
measurement variation between
testers. Also, while none of our sub-
Jects would be classified as obese, it
was relatively easy to locate spinous
processes and scapular landmarks on
the very lean subjects in comparison
to more muscular subjects or those
with increased subcutaneous fat.
These difficulties became magnified
when using the Kibler position 3 for
reasons previously described.

Clinical Implications

The DeVita et al method holds
promise for quantification of scapular
position. Their original findings of
high reliability using this measure-
ment method have now been sup-
ported by two other studies, the
Neiers and Worrell study (15) (good
reliability) and this study. '

The Kibler measurement meth-
ods hold promise and are worthy of
further study, as they measure scapu-
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lar distance in three different arm
positions, not solely with the arm at
the side. However, these methods are
more difficult for the clinician and
may not prove to be reliable when
the data of multiple examiners are
compared,

The validity of these static meas-
ures of a highly dynamic complex has
not been established. The relation-
ship of static positions and function
remains to be seen. While it would
be hoped that such measures would
eventually prove useful in evaluation
and rehabilitation of pathology, this
remains unanswered at this time.

Implications for Future Research

We are yet to be convinced that
string is necessarily the best measure-
ment tool for these techniques. Error
may exist when, on one trial, the
string is pulled taut to yield the short
est distance between landmarks, and,
on another trial, it is allowed less ten-
sion in order to follow skin contours.
For this reason, experimentation with
calipers might yield better results,

Normalized data for scapular ab-
duction may prove helpful if used
with understanding of its limitations.
Therefore, future studies using these
measurement techniques should as-
sess the reliability of association of
measures of scapular distance to an-
other anatomical parameter.

We were unable to locate any
other reliability studies using the
Kibler technique. The discrepancy
existing between our intratester and
intertester reliability values for this
technique warrants additional study.
Because this technique is inherently
more difficult, a lengthy familiariza-
tion period is recommended prior to
data collection.,

Future studies should use these
measurement techniques on patl’lO—
logical populations in order to deter-
mine if significant differences can be
quantified. Finally, if differences
should be established, the effects of

therapeutic intervention can then be
montitored in order to prove or dis-
prove real effects.

SUMMARY

We measured scapular position
using methods reported by DeVita et
al and Kibler in order to evaluate
intratester and intertester reliability
and also to determine if positional
differences existed between the domi-
nant and nondominant extremities.
Both intratester and intertester reli-
ability of the DeVita et al measures
proved high. Intratester reliability of
the Kibler methods ranged from
good to high, but the intertester reli-
ability was poor. Despite consistent,
unidirectional differences in the scap-
ular position of the dominant and
nondominant extremities, only one
tester using the DeVita et al method
found significant differences between
sides. All other differences proved to
be nonsignificant. Jospt
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