Reliability of a New Device Used to Measure

Shoulder Subluxation

The purposes of the study were to determine the reliability of a new device used to
quantify shoulder subluxation and to estimate its standard ervor of measuremenit.
The device is an L-shaped thermoplastic jig with a metric tape measure embedded
in it. A sliding beak-like marker, which can be anchored with a thumbscrew, is
used to identify landmarks and to measure the amount of subluxation. Eight
male and two female bemiplegic subjects, 40 to 80 years old, consented to be
measured for subluxation. Three standardized subluxation measurements were
taken by one tnvestigator to determine the reliability with a single rater. One mea-
surement was taken by a second investigator and compared with the first mea-
surement obtained by the first investigator to determine the reliability using more
than one rater. Both investigators were experienced physical therapists. Each mea-
surement was read by the other investigator, who disassembled the jig and
cleaned the marks from the patient between measurements. For both analyses, an
analysis of variance for repeated measures reflected no differences between mea-
surements attributable to raters. The unbiased intraclass correlation coefficent for
a single measurement by a single rater was .89 (p < .01) and for more than one
rater was .74 (p < .01). The standard error of measurement was * 0.77 mm for
a single rater and * 1.20 mm for more than one rater. We recommend the jig as
a tool to measure shoulder subluxation in patients. [Hayes KW, Sullivan JE: Reli-
ability of a new device used to measure shoulder subluxation. Phys Ther 69:762—
767, 1989]
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Shoulder subluxation occurs in 33%
to 75% of patients with hemiplegia.-5
Usually the humerus displaces inferi-
orly and anteriorlyé during a period
when shoulder muscles are flaccid.3
The problem has been associated
with pain, brachial plexus and soft

tissue injuries, limited mobility, and
impairment of the use of the hand.
These problems have significant
impact on the physical, functional, and
psychosocial rehabilitation of the
patient with hemiplegia. Many inter-
ventions have been suggested to
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decrease the subluxation, but until
recently, the efficacy of those interven-
tions has been difficult to determine
because adequate instrumentation to
measure the subluxation has not been
available.

Clinically, subluxation has been mea-
sured by gross descriptive means,
such as finger breadths between the
acromion and the head of the
humerus. Because of variations in
investigator finger positioning and
size and the crude measurement
interval, this method is too subjective
for use in clinical evaluation research.

Ritt et al developed a jig to quantify
the amount of subluxation at the
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shoulder.” They validated the jig using
roentgenographic measurements and
reported a Pearson product-moment
correlation coefficient of .826 as a
measure of validity. Interrater agree-
ment as a measure of reliability was
also determined using a Pearson
product-moment correlation coeffi-
cient and ranged from .796 to .995,
depending on trial and extremity
tested (B Ritt Myers, unpublished
data, 1989).

The Pearson product-moment correla-
tion coefficient is hardly an appropri-
ate statistic to use to determine reli-
ability. It represents the degree by
which two measures covary rather
than agree and is insensitive to sys-
tematic covariation. In addition, the
Pearson product-moment correlation
coefficient is not a measure of reliabil-
ity because it is not a comparison of
variances. By definition, reliability of a
measure is the proportion of the vari-
ance of the true score, free from
error, compared with the variance of
the total score. Therefore, the intra-
class correlation coefficient (ICC),
derived from an analysis of variance
(ANOVA), has been used as a more
appropriate statistic.8°?

A valid, reliable, interval-level mea-
sure is needed to determine the
efficacy of therapy in clinical practice
and research. The jig developed by
Ritt et al” is valid, inexpensive, and
easy to use. However, its reliability
has not been adequately determined.
The purposes of this study were 1) to
determine the reliability of the jig
with a single rater and with more
than one rater and 2) to estimate its
error of measurement.

Method
Subjects

Eight male and two female patients
with hemiplegia, between 40 and 80
years of age, consented to be mea-
sured for subluxation. Nine subjects
were hemiplegic secondary to a cere-
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Fig. 1. Thermoplastic jig developed by Ritt et al” to measure shoulder subluxation.

brovascular accident (CVA), and one
subject was hemiplegic secondary to a
brain tumor. All subjects had anteri-
orly displaced shoulder subluxation,
with no isolated movement in the
involved upper extremity. All subjects
were cognitively intact and cooper-
ated with the procedure.

Instrumentation

The jig* is an L-shaped device con-
structed of thermoplastic material
with a 21-cm tape measure, visible
from only one side, embedded in it. A
sliding beak-like marker, which can
be anchored with a thumbscrew, is
used to identify landmarks and to
compute measurements (Fig. 1).

Procedure

Both evaluators were graduate physi-
cal therapists with more than seven
years of clinical experience. The prin-
cipal investigator (KWH) was unfamil-
iar with the instrument and practiced
with it prior to this study. The second
investigator (JES) had used the jig
many times previously.

All shoulder subluxation measure-
ments were made in the Physical
Therapy Department, Rehabilitation
Institute of Chicago (Chicago, Ill). All
subjects were seated erect in their
wheelchairs with the armrest on the
involved side removed. Subjects were

*Pattern for construction available from Research Department, Rehabilitation Institute of Chicago,

345 E Superior St, Chicago, IL 60611.
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instructed to relax during the proce-
dure. Prior to taking any measure-
ments, two landmarks were located
and marked. First, the investigator
marked the location of the subject’s
acromion with a pen. Then, after pas-
sively flexing the subject’s elbow, the
investigator placed the short leg of
the jig under the subject’s elbow and
made a dot through a hole in the
long arm of the jig 20 cm above the
subject’s olecranon (Fig. 2). This dot

Fig. 2. Acromion identified with an
ink mark; jig used to locate a mark
20 cm above olecranon.
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Fig. 3.

acromion; beak moved to dot on arm.

Short leg of jig placed on

and the mark at the acromion served
as landmarks for all future measure-
ments. To take the actual measure-
ments, the subject’s elbow was first
extended and allowed to hang freely
at his or her side. The investigator
then placed the short leg of the jig on
the acromion mark, moved the beak
to the dot on the arm, and fixed the
beak (Fig. 3). The point at which the
slide portion of the beak rested on
the tape measure was read by the
other investigator and recorded in
millimeters. The first investigator then
flexed the subject’s elbow, and the
other investigator manually reduced
the subluxation to the point at which
no further reduction was palpable.
We were careful not to shift the skin
over the acromion during the reduc-
tion. The measurement of the dis-
tance between the acromion and the
dot on the arm was then repeated
(Fig. 4). The amount of subluxation
was the difference, in millimeters,
between the two measurements. Four
measurements were taken for each

Fig. 4.
reduced; measurement in Figure 3 is
repeated.

Subluxation manually

subject, one by the second investiga-
tor and three by the principal investi-
gator.

The design of the jig is such that
the tape measure is facing away
from the investigator during mea-
surement, thus eliminating error
attributable to knowledge of the
previous measurement. One investi-
gator dissassembled the jig before
each measurement and handed it to
the other investigator, who then
performed the measurement and
handed it back to the first investiga-
tor for reading and recording. The
second investigator also removed
the acromion and arm markings
before another measurement was
made. The jig is calibrated in milli-
meters, and we read each measure-
ment to the nearest one-half milli-
meter.

TBrainPower Inc, 24009 Ventura Blvd, #250, Calabasas, CA 91302.

*Apple Computer, Inc, 20525 Mariani Ave, Cupertino, CA 95014.
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Data Analysis

To test the hypothesis that there were
no differences among the measure-
ments when a single rater used the
jig, we performed an ANOVA for
repeated measures on the principal
investigator’s three measurements
using a Statview 512+ software
program’ on a Macintosh SE
computer.* We calculated the unbi-
ased ICC as a measure of the reliabil-
ity of the instrument. The unbiased
estimate of reliability of a single mea-
surement is determined by the fol-
lowing formula®:

Reliability = BSMS — resMS
HabIIY “BSMS + (m—1)(resMS)

where BSMS is the between-subjects
mean square, resMS is the residual
mean square, and m is the number of
measurements. The ICC can be calcu-
lated to reflect the reliability of the
aggregate of the measurements or of
a single measurement and can either
include or exclude the therapist as a
source of error. If the reliability of the
aggregate of the measurements were
of interest, the total number of mea-
surements would be included. How-
ever, in physical therapy, individual
therapists perform single measure-
ments of patients to document a
patient’s condition; therefore, the reli-
ability of a single measurement is of
interest. To determine the single mea-
surement reliability, the average reli-
ability is calculated. If the same thera-
pist performs all measurements, the
residual mean square is used as the
error term.

To test the hypothesis that there were
no differences between measurements
obtained by different raters, the single
measurement obtained by the second
investigator and the first measurement
obtained by the primary investigator
were compared using an ANOVA for
repeated measures. The first measure-
ment obtained by the primary investi-
gator was selected to minimize the
effect of handling the subject and thus
affecting his or her muscle tone. We
used the formula for a single mea-
surement in calculating the ICC but
included the rater in the error
because different raters were using
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Table 1. Raw Data for Amount of
Subluxation (in Millimeters) Recorded by
Each Investigator®

Subject JES KWH1 KWH2 KWH3
1 3.0 3.0 3.0 3.0
2 3.0 6.0 10.0 5.0
3 0.0 0.0 0.0 0.0
4 35 3.0 3.0 1.0
5 75 100 8.5 12.0
6 2.0 7.0 55 6.0
7 7.0 7.5 7.0 9.0
8 -1.0 -1.0 -1.0 -0.5
9 4.0 3.0 25 3.0

-
o

5.0 9.0 9.0 12.0

“JES = single measurement obtained by sec-
ond investigator; KWH1 = first measurement
obtained by primary investigator; KWH2 =
second measurement obtained by primary
investigator; KWH3 = third measurement
obtained by primary investigator.

the jig. To include the rater in the
error, the within-subjects mean
square (WSMS) is used as the error
term. In both analyses, we tested the
ICC for significance using an alpha
level of .05.11.12

As an indicator of the error of the
instrument, we calculated the stan-
dard error of measurement (SEM)
and established the 95% confidence
interval for a single measurement by
a single rater and by more than one
rater.

Results

The raw data are shown in Table 1.
The results of the ANOVAs are shown
in Tables 2 and 3. Table 2 demon-
strates a significant difference
between the measurements of the
patients attributable to the variability
in the subjects’ conditions but no sig-
nificant difference between the mea-
surements of a single rater. Table 3
indicates a significant difference
between measurements attributable to
the subjects’ conditions but no signifi-
cant difference between the two rat-
ers’ measurements. The reliability of
the instrument for a single measure-

ment by a single rater was .89

(p <.01) and by more than one rater
was .74 (p < .01). The SEM for a sin-
gle mesaurement by a single rater
was * 0.77 mm. The 95% confidence
interval was = 1.51 mm,; therefore,
the true measurement will be within
=+ 1.51 mm of the observed measure-
ment 95% of the time. The SEM for a
single measurement by more than
one rater was = 1.20 mm; the 95%
confidence interval was * 2.36 mm.

The purposes of this study were to
determine the reliability of the jig and
to estimate its measurement error. To
arrive at a true reliability estimate for
an instrument, the error estimate
must be reduced optimally. We con-
trolled the following potential sources
of error in the design of this study:

1) We standardized the method of
measurement and physically marked
the landmarks, 2) we were conscious
of end-digit preference® and read the
scale to the nearest one-half millime-
ter, and 3) we blinded the measuring
investigator by having the other inves-
tigator read the measurement.13 The
same instrument was used for all
measurements.

Potential sources of error still remain
in this study and include biological

Table 2. Analysis-of-Variance Sum-
mary for Repeated Measures for Three
Measurements Obtained by First Investi-
gator (KWH)*

Source df SS MS F
Between

subjects 9 419.08 46.56 28.66°
Within

subjects 20 3250 1.62
Treatments 2 060 030 0.17
Residual 18 3190 1.77

TOTAL 29 451.58

“Reliability estimate for single treatment = .89
(p < .01).

5y < .0001.
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Table 3. Analsis-of-Variance Sum-
mary for Repeated Measures for Measure-
ment Obtained by Second Investigator
(JES) and for First Measurement
Obtained by First Investigator (KWH)

Source df SS MS F
Between

subjects 9 170.76 1897 6.57°
Within

subjects 10 2888 2.89

Treatments 1 9.1 9.11 415
Residual 9 1976 220
TOTAL 19 199.64

“p < .01, reliability estimate for single treat-
ment = .74 (p < .01).

variation among and within the sub-
jects, failure to control head position,
shifting of the skin during measure-
ment, variation in amount of force
applied during reduction of the sub-
luxation, distractions occurring during
measurement, and instability in the
jig. Despite these sources of error,
however, the reliability coefficient
was adequately high to allow rea-
sonable confidence that measure-
ments taken with the jig can be
accurate, reliable, and clinically rel-
evant, especially if measured serially
by a single therapist.

Although repeated-measures analysis
can remove variability between sub-
jects, biological variation within sub-
jects is difficult to control. All subjects
were hemiplegic as a result of CVA
except one who had a brain tumor
(Subject 8). This subject appeared to
have subluxation but seemed to sub-
lux further during a manual reduc-
tion, producing a negative value. We
are unable to explain this phenome-
non. Subject 3 also appeared to have
subluxation, but reduction was not
measurable. We are uncertain
whether reduction was prevented by
connective tissue stiffness or some
other factor. In either of these sub-
jects, if the shoulder subluxed pri-
marily in an anterior direction with
little inferior component, reduction
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would not be measurable with this
instrument.

One subject’s arm was too long for
the jig, and we could not use the dot
through the jig as the distal landmark.
We, therefore, simply made a dot
more proximally on his arm. Because
the distal mark is arbitrary and the
measurement used in the data analy-
sis is a difference score using the
marked distal landmark both times,
altering the landmark for this subject
did not introduce substantial error.

Changes in the subject as a result of
the measurement itself could not be
controlled. Handling the subject dur-
ing the process of marking landmarks
and taking measurements may have
caused increases or decreases in mus-
cle tone that could affect the amount
of subluxation. Allowing a longer rest
period between successive measure-
ments might have decreased the varia-
tion between successive measure-
ments, but we could not avoid any
alteration of tone during any single
measurement. This effect may have
occurred with Subjects 2 and 5. In
addition, subject motivation may have
altered tone. The subjects displayed
no isolated motion but did have the
ability to contract the proximal upper
extremity musculature. Even though
the subjects were instructed to relax,
any intentional or unintentional con-
traction of these muscles could have
affected the measurement.

Different head positions also produce
changes of muscle tone. Head posi-
tion was uncontrolled in this study
but probably varied little. Most sub-
jects had a tendency to watch the pro-
cedure, which caused them to rotate
their heads toward the side of
involvement.

Even though we standardized the
method of measurement, the skin
shifted slightly during the manual
reduction of the subluxation, which
moved the landmark at the acromion.
Although we made every effort to
avoid this shift, it could have contrib-
uted some error. Marking the acro-
mion location again after reduction
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might have reduced the error intro-
duced from this cause.

To decrease error from the applica-
tion of varying amounts of force in
manually reducing the subluxation,
we reduced all shoulder subluxations
to the point at which we could feel
no further reduction. However, each
investigator reduced the subluxation
for the other. Forces could have var-
ied as well as the amount of skin shift.
In our study, a third investigator
should have reduced the subluxation
in all subjects for both of the measur-
ing investigators.

Environmental variations during the
session may have affected the subjects’
muscle tone and thus the amount of
subluxation. Temperature and lighting
remained constant during a session
but varied between subjects. Because
subjects were measured in the Physi-
cal Therapy Department, distractions
could not be avoided.

The jig prototype we used had some
instability in the slide. We made every
effort to keep the slide level, but
error could have been introduced.
This design error has been corrected
in later models of the jig. In addition,
this jig is capable of measuring only
the inferior component of the sublux-
ation. An instrument capable of mea-
suring the anterior component would
provide additional useful information.

The 0.77- and 1.20-mm SEMs probably
are overestimates. They may well have
been distorted by the small sample
size in this study. In addition, accurate
measurement of subluxation requires
that the sources of error discussed be
controlled. Researchers should ensure
an adequate number of subjects to
diminish the effects of a less-than-
perfect reliability. Clinicians should
recognize the error when interpreting
a patient’s condition. However, the
fairly small SEM for a single rater
offers reassurance of accurate mea-
surements. Clinicians can feel confi-
dent using the jig to document patient
progress if a single rater uses the
instrument.

Several investigators have studied reli-
ability of goniometric measurements
and have challenged the previously
held position that the average of sev-
eral measurements is necessary for
accuracy.®14 They found that the reli-
ability of single measurements was
adequately high. That finding is sup-
ported by this study. The ICCs of the
measurement obtained by the second
investigator against each measurement
obtained by the first investigator (.74,
.64, and .66) were compared with the
ICC calculated for the measurement
obtained by the second investigator
and the mean of measurements
obtained by the first investigator (.71).
Using the mean improves the ICC by
a maximum of .07 and reduces it in
one instance, by .03. The mean of sev-
eral measurements does not change
the reliability estimate substantially.

Some investigators have also
suggested that because intrarater
agreement is higher than interrater
agreement, a single evaluator should
be used in studies involving repeated
measures.>4 This finding is strongly
supported by the present study. The
reliability using one rater was .89; that
using more than one rater was .74.
Therefore, for clinical intervention
studies, we suggest a single evaluator.

Future studies of this nature would be
more meaningful if designed as gen-
eralizability studies, which allow parti-
tioning of all the sources of variability
including subjects, raters, occasions,
and all interactions to determine their
relative influences.1516 Each rater
should measure the subject the same
number of times, and the order of
raters should be randomized. A study
designed in this way can provide an
estimate of interrater and intrarater
agreement in addition to an overall G
coefficient, which is an ICC describing
the reliability of the data.

Conclusions

We recommend the jig for use as an
evaluation tool to provide accurate
and reliable measurements of shoul-
der subluxation in patients. Physical
therapists who use the jig should rec-
ognize that the jig is useful only in
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the measurement of subluxed shoul-
ders that can be reduced manually. In
addition, practitioners who use the jig
should ensure a standardized proce-
dure and should attempt to control
additional sources of error such as
head position, skin shift, and force.
Measurements obtained by a single
rater provide a more accurate esti-
mate than those obtained by more
than one rater. For both clinical deci-
sion making and clinical efficacy stud-
ies related to shoulder subluxation,
the jig provides a measure that allows
documentation of the change in sub-
luxation.
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