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Abstract Nine VA Medical Centers are participating in
a 2-year double-blind placebo controlled study of
antioxidant treatment for tardive dyskinesia (TD) con-
ducted by the Department of Veteran A¤airs
Cooperative Studies Program. One of the principal out-
come measures of this study is the score derived from
the instrumental assessment of upper extremity dyski-
nesia. Dyskinetic hand movements are quantiÞed by
assessing the variability associated with steady-state
isometric force generated by the patient. In the present
report, we describe the training procedures and results
of a multi-center reliability assessment of this proce-
dure. Data from nine study centers comprising 45 indi-
vidual patients with six trials each (three from left hand
and three from right hand) were reanalyzed by an inde-
pendent investigator and the results were subjected to
reliability assessment. For the statistic of interest (aver-
age coe¦cient of variation over trials 2 and 3 for each
hand, then take the larger of these two values), we
found very high intraclass correlation coe¦cients for
reliability over all patients across sites (ICC = 0.995).
We also calculated the reliability of the measures across
trials within patient for each combination of hand
(right, left, dominant), rater group (site, control), and
trials set (all three, trials 2 and 3). For a given hand
and trial set, the reliability of the site raters was simi-

lar to that of the control. This study demonstrates that
instrumental measures for the assessment of dyskine-
sia are reliable and can be implemented in multi-cen-
ter studies with minimal training.
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Introduction

The reliability, or consistency between measurements
made under uniform conditions, is a necessary attribute
for any assessment tool. Satisfactory levels of test-retest
consistency have been achieved for several TD rating
scales including the Abnormal Involuntary Movement
Scale (Lane et al. 1985; Sweet et al. 1993) and the
Simpson Tardive Dyskinesia Rating Scale (Simpson
et al. 1979); however, the interrater variability often
exceeds intra-rater variability for these scales (Bergen
et al. 1984, 1988). Variation in the assessment of TD
is an important clinical and research problem and has
been linked to the inconsistencies in therapeutic
responses to di¤erent agents (Richardson et al. 1982).
Sources of variation may range from examiner bias to
active suppression by the patient, to ßuctuating bio-
chemistry (Caligiuri et al. 1995).

Instrumental assessments have emerged to enhance
our understanding of TD and facilitate our ability to
prevent and treat it (Gardos et al. 1977). The Task
Force Report on Tardive Dyskinesia (Kane et al. 1992)
suggested that instrumentation may overcome some of
the problems associated with observer ratings such as
variable reliability, nonlinearity, and poor sensitivity.
While laboratory instrumental assessments of TD have
been available for over 25 years (see Lohr and Caligiuri
1992 for review), applications for the study of treat-
ment outcome of TD have not achieved similar levels
of acceptance in clinical practice. Lack of su¦cient data
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demonstrating the reliability of a particular instru-
mental method may be one important reason for this
lapse. Previous laboratory studies have demonstrated
relatively high test-retest reliability using instrumental
techniques. Isometric force procedures have yielded
intra-patient reliability coe¦cients of 0.85 (Caligiuri
and Lohr 1990). Procedures which count movements
such as position sensors (Trzepac and Webb 1987) or
ultrasonic techniques (Resek et al. 1981; Bartzokis 
et al. 1989) are highly reliable with test-retest correla-
tion coe¦cients greater than 0.90. Gattaz and Buchel
(1993) reported an intra-subject reliability coe¦cient
of 0.84, using an automated digital video image pro-
cessing system which counted oral movements.

While instrumental procedures demonstrate high
intra-subject reliability, little is known about their reli-
ability assessed between multiple testers or across mul-
tiple centers or across multiple trials. One of the
advantages of a multi-center study is that each partic-
ipating center represents an independent replication of
the study design, thus facilitating an examination of
the consistency of the measurements (Meinert 1986).
The Department of Veterans A¤airs Cooperative
Studies Program is conducting a multi-center study of
antioxidant treatment for TD (CSP #394: �Vitamin E
Treatment of Tardive Dyskinesia�). Instrumental pro-
cedures are included in the armamentarium for assess-
ing treatment outcome, providing the Þrst opportunity
to assess multi-center reliability. The general aim of this
paper is to report the reliability of an instrumental pro-
cedure across the nine study sites and to identify poten-
tial sources of between-examiner variability. 

Materials and methods

Participating study sites

The following nine VA Medical Centers participated in this study:
New York, N.Y.; Northport, N.Y.; West Haven, Conn.; Phila-
delphia, Pa.; Augusta, Ga.; Tucson, Ariz.; Portland, Ore.; West Los
Angeles (Brentwood), Calif.; and San Diego, Calif. The Þrst Þve
patients from each site with baseline assessments were considered
for the present study. This sample consisted of patients 
with a wide range of TD severity. The group baseline mean AIMS
total score (items 1�7) was 10.8 (with a standard deviation of 4.2
and a range of 3�24). The mean AIMS score for the upper extrem-
ity item was 2.0 (with a standard deviation of 1.0 and a range 
of 0�4). 

Instrumental procedures

The instrumental procedure quantiÞed the error associated with the
steady-state maintenance of isometric force by the hand. All assess-
ments were performed blind to the treatment status of the patient.
The force transducer consisted of a stainless steel rigid beam (10.5
cm × 1.8 cm × 0.4 cm) mounted onto a wooden platform (15 cm ×
8.8 cm × 1.8 cm). The beam was instrumented with a pair of thin
Þlm resistive strain gauges (MicroMeasurements Group; Raleigh,

N.C., USA) wired to form two active arms of a balanced four-arm
Wheatstone bridge circuit. Pressure applied to the long axis of the
beam deforms the strain gauge, thus changing the resistance of the
current ßowing through the bridge circuit. Applied pressure imparts
a linear and proportional change in the transducer�s output volt-
age which is sampled by the computer. Static and dynamic cali-
bration of the transducer yielded a ßat frequency response out to
40 Hz and a linear transfer function across a wide range of applied
weights. The continuous voltage is calibrated in units of force
(centiNewtons). The force transducer is capable of detecting changes
in applied pressure of approximately ±2 cN. It is not likely that
Þnger displacements caused by muscle contractions of this magni-
tude are detectable visually by the examiner.

Patients were instructed to exert constant low-level (300 cN of
force) isometric contraction by keeping the hand in direct contact
with the instrumented beam and to maintain that level by visually
monitoring performance on the computer screen for 30 s. The Þnger
ßexor muscles (ßexor digitorum profundus and the ßexor digito-
rum superÞcialis) continuously contract to produce a near-constant
level of force against the rigid beam. A dyskinetic patient will pro-
duce an irregular pattern of muscle contraction which is transduced
as variable levels of force over time. Because the patient maintains
a non-zero level of force around which the contractile force of the
hand muscles are detected, contractile variations in both extensor
and ßexor muscles are detected. The procedure has been validated
against standard clinical ratings (Caligiuri and Lohr 1990; Caligiuri
et al. 1995).

Three 30-s trials per hand were conducted with the Þrst trial serv-
ing as practice and to familiarize the patient with the instrumenta-
tion. For a given trial, a 5-s segment containing the largest variation
in force was selected. The segment was low pass Þltered using a
bidirectional eight-pole digital Butterworth Þlter with a frequency
cut-o¤ of 3 Hz to remove instability due to parkinsonian tremor.
For each trial, the mean acquired force and standard deviation of
the 5-s Þltered segment were obtained and used to calculate the
coe¦cient of variation (CV), which is the standard deviation divided
by the mean. The principal outcome for measurements performed
at the sites was then obtained by calculating the average CV over
trials 2 and 3 for each hand, and taking the larger of these two 
values.

The original data Þles were available for reliability assessment by
the Þrst author to provide control measures of force instability. Re-
analysis was conducted independently from and used the same pro-
cedures followed by the sites. The principal outcome measure from
the control rater was the average CV over trials 2 and 3 of his rat-
ings for the hand with the larger average CV from the site ratings.
If the average CV�s from the site ratings were the same for both
hands, we arbitrarily used the dominant hand to determine the con-
trol rater�s outcome.

Study site training

The Þrst author travelled to each study site over a period of 1 month
to install the instrumentation and conduct training. Training
involved approximately 2 h of demonstration with participation by
the technician. Several data sets were acquired and analyzed over
this time period. Within the Þrst month of the study period, research
assistants from each study site tested three patients (recruited for
training purposes) and forwarded the data to the Þrst author for
inspection of the force waveforms. The purpose of this activity was
to ensure that the data were being collected correctly with respect
to signal o¤sets, trial sequence, sample rates, window duration and
channel assignment. These data were reviewed and problems or
inconsistencies were discussed at the kick-o¤ meeting held in San
Diego prior to the start of the study.

Guidelines were made available to each site to reduce inconsis-
tency associated with problematic trials. These guidelines, described
in Table 1, pertain to identifying the starting and ending points of
each waveform and to removing spurious peaks.
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Statistical analyses of reliability

Data from Þve patients from each center (total of 45 patients) were
available for reliability assessment. For 44 patients, there were 12
scores provided (six hand trial scores each from the site and con-
trol raters). One patient did not complete the procedure for the left
hand, so the total number of data points was 534 (44 × 12 + 6).
These data were then sent to the study�s statistician (R.E.) in Palo
Alto for assessment of reliability using S-Plus software (S-Plus,
1993).

Of the many forms of reliability that have been described in the
literature (Meinert 1986; Kramer 1988; Isaac and Michael 1990),
we were concerned primarily with consistency, which refers to the
reliability associated with the assessment procedure (Isaac and
Michael 1990). The methodology described by Fleiss (1986), for
when the same raters are involved in both the preliminary and main
study, was used to determine the reliability among the data col-
lected by the two sets of raters (site raters, and the control rater).
Edson et al. (1997) summarize the assumptions associated with this
methodology.

Fleiss (1986) discusses two options for estimating the interrater
reliability (IRR) using the intraclass correlation coe¦cient (ICC).
The conservative estimator involves a measure of variation among
the rater sets; the other estimator does not, since it is assumed that
the e¤ect for each rater is set to zero or di¤erences in the rater set
e¤ects can be adjusted for via stratiÞcation. The choice of ICC
depends on the design of the study for which IRR is being esti-
mated. A test of the hypotheses (by site and over all sites) that the
e¤ects for the two rater sets were both zero applied to the 45 × 3 ×
2 table indicated that the rater e¤ects did not di¤er signiÞcantly,
and were actually quite close to zero. In addition, the control rater�s
assessments are considered to be the �gold standard� for each
patient. Thus, we decided to use the ICC that does not include a
term for the rater variation.

If PMS and EMS are, respectively, the mean sum of squares for
the subject and error terms resulting from application of standard
analysis of variance (ANOVA) procedures to the data, the sample
estimator of the ICC is :

R� =      
PMS[EMS

PMS + (k[1) EMS  
.

To construct a two-sided 95% conÞdence interval for R� , we used
the bias corrected, accelerated non-parametric methodology (Efron
1987). The S-Plus code for this method (denoted bcanon) is con-
tained in Efron and Tibshirani (1993). The bootstrap methodology
involves the selection of B (in this case 2000) independent, with
replacement random samples of size n from the n subjects. Since a
small n will produce a conÞdence interval which is too wide for any

practical purposes, we limited application of the bootstrap to the
comparison of the two rater groups (site raters versus the control
rater) over all sites.

The procedure used to collect the force instability data is almost
totally automated; the only step not completed by the equipment
is the selection of the 5-s interval with the largest variation in force.
Thus, in essence the resulting estimated ICC indicates how simi-
larly the site raters selected this interval compared to the control
rater. Perhaps a more interesting result is to determine reliability
of the force instability data across the three trials. To see if inclu-
sion of the data from trial 1 a¤ected reliability, separately for the
six combinations of rater set (site, control) and hand (left, right,
and dominant), we calculated estimated ICCs for two sets of tri-
als : all three trials, and trials 2�3. Since our hypothesis was that
inclusion of the trial 1 data would lower reliability, i.e., that there
would be di¤erences between the data across trials, we used the
conservative version of the ICC. Using the notation above the sam-
ple estimate of the �conservative� ICC is :

R� =              
n(PMS[EMS)

n PMS + (k[1)TMS + (n[1)(k[1)EMS

where TMS is the mean sum of squares for the trial set term in the
ANOVA. ConÞdence intervals were calculated using the bootstrap
method described above.

Results

Two sets of results are presented. In the Þrst set, we
report the overall ICCs across sites for the principal
outcome of the study which is the higher CV between
the left and right hands with trials 2 and 3 averaged to
form one CV. In the second set, we report the ICCs
across trials to examine consistency between the Þrst
trial and the latter two trials. In both analyses, data
from each of the nine study sites as well as the control
site will be presented.

Table 2 summarizes the results of our analysis of the
principal study outcome. We identify study sites by
letter to avoid disclosure of low IRR. For the overall
sample and for most of the sites, the mean and stan-
dard deviation for the assessments made by the site
raters are almost equal to those of the control rater.
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Condition Guideline

Starting index Begin segment once waveform amplitude reaches tar-
get and remains on or near target for 2�3 s. Exclude
initial segments suggestive of attempts to locate 
target

Ending index End segment prior to drop in force which continues
to baseline rest level. Ignore increases in force that 
occur just prior to end of trial

Spurious peaks or valleys that may be If a force peak (or valley) occurs in the absence 
either movement related or caused by of peaks (or valleys) having similar amplitudes 
electrical artifact or noise on any other trial and if there is no documentation

explaining the presence of unusual force peaks (or 
valleys) as due to movements unrelated to the task,
place initial index to the right of the peak (or valley)
if it occurs early in the trial or place the ending index
to the left of the peak (or valley) if it occurs late in
the trial

Table 1 Guidelines used to
reduce ambiguity over the
location of starting and ending
indices of the force waveform
segments selected for analysis



This similarity is reßected in the extremely high esti-
mated ICCs for seven sites and for the overall sample,
and the moderately high ICC estimate for sites C and
E. The bootstrap 95% conÞdence interval on the ICC
for the overall sample (0.988�0.998) is very tight
around the point estimate of 0.995, and provides more
evidence of the high reliability in the force instability
measures. Close inspection of the data revealed that the
sites with the lowest ICCs had the smallest range of
scores with SDs of less than 0.50. Edson et al. (1997)
discuss how a wider range in the scores produces a
higher estimate of the ICC.

Table 3 summarizes the Þndings of the reliability esti-
mates across the three trials for the left, right, and dom-
inant hands and the 95% CIs on the ICCs by rater,
hand, trial set. Point estimates of reliability were higher
for the right hand than for the left, and for trials 2�3
than for trials 1�3. While not statistically di¤erent, the
ICCs for trials 1�3 were much lower than the ICC for
trials 2�3 for each hand as well as the dominant hand.
These Þndings reßect less consistency between the Þrst
and subsequent trials and suggests a potential e¤ect of
learning which has not been previously reported.

Discussion

The present study represents the Þrst attempt to exam-
ine the multi-center reliability of a relatively recent 

procedure. There have been only a few reports on the
reliability of established assessment procedures in a
multi-center study design. Since 1990, there have been
reports on instrument reliability for multi-center stud-
ies of outcomes in cardiac surgery (Henderson et al.
1995),  addiction research (Del Boca et al. 1994), dys-
tonia (Defazio et al. 1994), outcomes of treatment for
acute ischemic stroke (Albanese et al. 1994), and quan-
titative neuropathology assessment (Mirra et al. 1994)
and cognitive changes (Kim et al. 1994) in Alzheimer�s
disease. In general, the Þndings from these studies sug-
gested that the various aspects of reliability, including
test-retest and interrater reliability, were favorable. The
present Þnding that an electromechanical assessment
procedure for tardive dyskinesia demonstrated excel-
lent interrater reliability across nine study sites
strengthens the clinical value of this procedure. The
Þndings suggest that inexperienced raters can produce
data that are about as reliable as those obtained from
an experienced rater.

We found the instrumental procedure to be highly
reliable across multiple study sites. The overall ICC
from 45 patients was 0.995. This ICC from instrumental
assessment of upper extremity TD was somewhat
higher than the ICCs reported from observer ratings
of TD. Smith et al. (1979) obtained a correlation
(Pearson�s r) of 0.76 for the upper extremity item of
the AIMS and 0.87 for the total AIMS score in a study
of approximately 300 patients. Lane et al. (1985)
obtained an ICC of 0.65 from the same AIMS item
and 0.79 for the total AIMS score in a study of 33
patients. Sweet et al. (1993) obtained and ICC of 0.44
for the upper extremity and 0.91 for total AIMS with
ten elderly patients. We recently reported an ICC of
0.60 for upper extremity TD and 0.75 for the total
AIMS, as part of the ongoing cooperative study involv-
ing ten patients and 18 raters (Edson, et al. 1997).

The discrepancy in ICCs between instrumental pro-
cedures and observer ratings of TD severity may be
attributed largely to examiner-related factors; however,
instrument-related factors may also play an important
role. Vulnerability of multi-item rating scales such as
the AIMS to the experience of the examiner have been
discussed previously by Gardos et al. (1977), who
stressed the importance of extensive training.
Instrumental procedures, on the other hand, require
minimal training as previously discussed in the
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Table 2 Means and standard deviations (SD) for the Þve patients
from each of nine study sites (labeled A�I ) for the site rater and
independent rater (control) and the intraclass correlation coe¦cient
(ICC) for each site. Means and SDS are percentages derived by
dividing the waveform SD by the waveform mean

Site Site mean SD Control mean SD ICC

A 3.51 2.16 3.42 2.05 0.997
B 5.95 4.47 5.93 4.39 0.998
C 1.98 0.30 2.19 0.51 0.822
D 2.64 0.95 2.56 1.10 0.939
E 2.57 0.45 2.45 0.33 0.752
F 2.97 1.49 2.98 1.50 1.000
G 2.30 0.62 2.41 0.64 0.973
H 4.00 2.98 4.15 3.25 0.995
I 4.55 4.36 4.50 4.14 0.998
Overall 3.39 2.57 3.40 2.54 0.995

Trials Left hand Right hand Dom hand

Across sites 1�3 0.582 0.821 0.721
(0.326, 0.717) (0.610, 0.929) (0.375, 0.843) 

2�3 0.675 0.924 0.824
(0.561, 0.804) (0.761, 0.975) (0.585, 0.922)

Within control 1�3 0.652 0.839 0.711
(0.320, 0.887) (0.567, 0.943) (0.351, 0.881)

2�3 0.767 0.898 0.797
(0.590, 0.913) (0.673, 0.966) (0.510, 0.928)

Table 3 Reliability estimates
across the three trials for the
left, right, and dominant
hands (and the 95%
conÞdence intervals on the
ICCs) by rater, hand, and trial
group



Methods section of this paper. Moreover, reliable
observer ratings require a standard administrative pro-
cedure and clear instructions to raters regarding the
procedure. Often these instructions are subject to indi-
vidual interpretation which may compromise reliabil-
ity. A minimal set of instructions are desirable as noted
in Table 1 for the instrumental procedure. One of the
features of an observer rating scale which may have an
important inßuence on reliability is the dependence on
anchor or threshold scores representing the extremes
of the movement disorder. With observer ratings, a des-
ignation of �severe� is essentially arbitrary and based
on the experience of the examiner, whereas with instru-
mentation, the criteria for severity is made explicit and
is based on a continuous score.

The Þndings seem to support our decision to use
trial 1 as practice. The results showing higher reliabil-
ity for dominant compared with the nondominant hand
bring to question the role of hand dominance in facil-
itating motor learning or in reducing short-term
ßuctuation. Further studies are needed to examine the
inßuence of handedness on motor learning in patients
with TD.

The generalizability and clinical usefulness of
Þndings stemming from multi-center treatment studies
such as CSP#394 depend largely upon the reliability
of the outcome measures. The present study demon-
strated that instrumental procedures for assessing the
severity of upper extremity dyskinesia are reliable and
with minimal training can be applied to multi-center
clinical trials. 

The advantages of the present device for assessing
TD over other instrumental procedures have been dis-
cussed in a previously published review of instrumen-
tal assessments (Caligiuri 1997). In general, the choice
of system depends primarily upon the objective of the
study and secondarily upon the nature of the patient
sample. For example, if an individual is interested in
studying uncooperative or di¦cult-to-test patients with
observable TD, accelerometry may be chosen because
activation of this device does not require the coopera-
tion of the patient. If, however, the purpose is to detect
subtle change in the dyskinetic condition, or to mini-
mize voluntary suppression of the dyskinesia, force
steadiness methods may be best suited. Electromyo-
graphic procedures may be the technique of choice
when anatomical speciÞcity is important. Ultrasonic
transduction systems have been used and o¤er an
advantage of not requiring attachment of a sensor to
the patient, thus preserving the �naturalistic� environ-
ment in which to assess dyskinesia.

There are at least two limitations of the present
device. First, the device as used in the present
conÞguration, cannot be used to assess perioral dysk-
inesia. We have reported previously on the e¦cacy of
a similar transducer which may be used to quantify
perioral dyskinesia (Caligiuri and Lohr 1989).
However, widespread use of this transducer was found

not be feasible in a large scale multicenter study because
of the added costs necessary to maintain a supply of
sterile transducers for each center.

Second, measuring the control of sustained isomet-
ric force does not provide information on movement
counts which relate more to the clinical description of
TD. The sustained force procedure was designed to pro-
vide information not readily available to the observer
in order to enhance the clinical assessment of TD.
Furthermore, the available literature characterizing
dyskinetic movements (e.g. frequency of abnormal
movement, maximum amplitude of the movement,
duration of the movement) does not reveal which of
the attributes is best suited as an index of the move-
ment disorder, nor do we know which measure is bet-
ter suited for a particular purpose (e.g. detection, time
course, treatment).
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