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Summary
BACKGROUND: An important part of epidemiologic and

genetic studies of essential tremor (ET) is an assessment of
tremor severity. Clinical rating scales are semiquantitative and
computerized tremor analysis, available at tertiary medical cen-
ters, is not transportable into the field. As part of an epidemio-
logic study, we modified the Klove-Matthews Motor Steadi-
ness Battery, collecting objective quantitative data on tremor
severity in patients with ET and control subjects.

OBJECTIVE: To describe the modified Klove-Matthews
Motor Steadiness Battery, validate this test battery against sev-
eral other measures of tremor severity, demonstrate test–retest
reliability, and provide standard reference values for normal
control subjects and patients with ET who undergo this test
battery.

METHODS: Patients with ET and control subjects, ascer-
tained from both a clinic and a community, underwent a stan-
dardized evaluation including a demographic and medical
questionnaire, tremor disability questionnaire, videotaped
tremor examination, performance-based test, modified Klove-

Matthews Motor Steadiness Battery (Groove-Type Steadiness
Tester [GTST] and Nine-Hole Steadiness Tester [NHST]), and
quantitative computerized tremor analysis.

RESULTS: There were 19 patients with ET and 28 control
subjects. NHST and GTST total scores were correlated signifi-
cantly with the tremor disability questionnaire score (r4 0.63,
p 4 0.001 and r4 0.49, p4 0.016), total tremor score (tremor
examination, r4 0.68, p <0.001 and r4 0.41, p4 0.005),
performance-based test score (r4 0.81, p <0.001 and r4 0.65,
p 4 0.001), and quantitative computerized tremor analysis re-
sults (for example, spiral drawing, r4 0.62, p4 0.01 and r4
0.58, p 4 0.019). Test–retest reliability was generally high
(r 4 0.79–0.94, p <0.001).

CONCLUSION: The modified Klove-Matthews Motor
Steadiness Battery provides a reliable and valid means to col-
lect objective quantitative data on tremor severity. Rapidity of
administration and ease of transport make it a potentially useful
tool in epidemiologic and genetic field studies.

Key Words: Essent ial t remor—Epidemiology—
Validity—Klove-Matthews—Quantification.

Assessing the severity of action tremor is an important
part of epidemiologic and genetic field studies as well as
clinical trials in essential tremor (ET).1–7 Current meth-
ods are mainly semiquantitative (that is, clinical rating
scales that rely on ordinal ratings anchored on descrip-
tive terms such as “mild,” “moderate,” or “severe”).1,8–11

Quantitative computerized tremor analysis with sophis-
ticated equipment has been used in a number of stud-
ies5,12–15to provide precise quantitative data on tremor
amplitude and frequency; however, the equipment is lim-

ited to tertiary medical centers and is not transportable
into the field for use in epidemiologic studies. A digitiz-
ing tablet,12,13 which is transportable, may be used to
assess some aspects of action tremor (for example, hand-
written lines or spirals) but not others. As part of an
epidemiologic study of ET,17 we modified the Klove-
Matthews Motor Steadiness Battery18,19to collect objec-
tive quantitative data on tremor severity. This instrument
was initially developed to aid in the examination of
tremor and motor performance in children with disor-
dered brain function.18,19 The test instruments may be
transported easily and their design is simple (they do not
require an electrical outlet or computer). In this study, we
provide a detailed description of this test battery; validate
the test battery against other measures of tremor severity,
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including a questionnaire, a clinical rating scale, a per-
formance-based test of function, and quantitative com-
puterized tremor analysis; demonstrate test–retest reli-
ability; and provide standard age-stratified reference val-
ues for normal control subjects and patients with ET who
underwent this test battery.

METHODS

Subjects
Subjects were participating either in the Columbia

University Assessment of Disability in Essential
Tremor,17 a study of the functional correlates of ET
which ascertains patients and control subjects from both
a community (the Washington Heights-Inwood commu-
nity in northern Manhattan, NY) and a clinic (the Center
for Parkinson’s Disease and Other Movement Disorders
at Columbia-Presbyterian Medical Center [CPMC], New
York, NY) or the Washington Heights-Inwood Genetic
Study of Essential Tremor,1 a familial aggregation study
of ET which ascertains subjects from the Washington
Heights-Inwood community. We enrolled 1.5 control
subjects per patient with ET. For the present study, we
wanted to ensure that the patient and control groups had
similar age distributions because variability in the char-
acteristics (for example, frequency, amplitude) of tremor
is age-dependent.11,20–23 We stratified participants by
age (21–60 years versus 61 years and older) and enrolled
1.5 control subjects per patient. All subjects agreed to
participate and signed a consent form approved by the
CPMC ethics committee (Internal Review Board). All
diagnoses of ET were based on a standardized evaluation
which included a 10- to 30-minute semistructured tremor
interview, a 10-minute videotaped tremor examination,
followed by a diagnosis by one of the authors (EDL)
using a standardized diagnostic protocol.1,17

Study Procedure
All 47 subjects underwent an in-person evaluation ei-

ther in their homes or at CPMC, including a demographic
and medical questionnaire, a videotaped tremor exami-
nation, and a Klove-Matthews Motor Steadiness Battery.
The 24 subjects who had participated in the Columbia
University Assessment of Disability in Essential Tremor
also had a tremor disability questionnaire and a perfor-
mance-based test of function, and the 16 subjects who
were evaluated at CPMC also underwent quantitative
computerized tremor analysis.

Demographic and Medical Questionnaire

A 16-item, 5-minute, semistructured questionnaire
was developed to collect demographic information, data
on exposures to caffeinated coffee and tea, soda, alcohol,

and cigarettes on the day of testing, and use of asthma
inhalers and other tremor-inducing medications.

Self-Reported Tremor Disability Questionnaire
This 31-item questionnaire17 assessed the functional

impact of tremor (Appendix). Items were rated as fol-
lows: 04 no disability, no need to modify activities, and
no loss of efficiency; 14 no disability but a need to
modify or a loss of efficiency; or 24 disability or both
a need to modify and a loss of efficiency. The total score
was converted to a percentage (range4 0%–100%
[maximally impaired]).17 If an item was missing or not
applicable, the denominator was adjusted before convert-
ing to a percentage.

Videotaped Tremor Examination
A videotaped tremor examination was reviewed by a

neurologist specializing in movement disorders (EDL)
who rated the tremor during sustained arm extension,
pouring water, drinking water, using a spoon, the finger-
to-nose maneuver, and drawing spirals.1,10,11,17Tremor
was rated using a four-point scale: 04 no visible tremor,
+1 4 a low-amplitude tremor was barely perceivable or
was intermittent, +24 tremor was of moderate ampli-
tude and was usually present and clearly oscillatory, or
+3 4 large-amplitude, jerky tremor resulting in diffi-
culty completing the task as a result of spilling or inabil-
ity to hold a pen to paper. A total tremor score (range4
0–36 [maximum tremor]) was assigned to each subject
based on the 0 to +3 ratings for 12 items (six items
performed with each arm4 12).1,10,11,17The reliability
of this rating scale has been demonstrated (Kw 4 0.62–
0.78, indicating substantial interrater agreement).24

Performance-Based Test
This 15-item, 10-minute test included the performance

of activities that might be impaired by action tremor (for
example, pouring, threading a needle, buttoning buttons,
using a key).17 Each item was scored by a trained rater
(LFB or KJW) from 0 (no difficulty) to 4 (unable to
perform) and the total score was converted to a percent-
age (range4 0–100 [maximally impaired]).17 This test
has been validated against clinical ratings (videotaped
tremor examination, r4 0.71, p <0.001) and quantitative
computerized tremor analysis results (r4 0.51–0.89,
p #0.008).17

Klove-Matthews Motor Steadiness Battery
As initially published,18,19 the full battery included

seven tests of motor coordination or tremor. We modi-
fied the test battery by selecting items that best assessed
action tremor and by making allowances for fatigue dur-
ing testing. All subjects were seated in a stationary chair
with the instruments placed directly in front of them on
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a flat table. A tester (EY or LFB) was trained by the
study physician (EDL) to administer the tests. Each test
was performed with the subject’s dominant arm. During
testing, the subject was not allowed to lean their domi-
nant arm, elbow, or wrist on the table or steady it in any
way (for example, by using two hands). All sub-
jects underwent the following two-part, 15-minute test
protocol.

1. Groove-Type Steadiness Tester(GTST; Model
32010, Lafayette Instrument, Lafayette, IN, USA) as-
sessed kinetic tremor. The unit consisted of two ad-
justable steel plates which formed the sides of a pro-
gressively narrowing groove. The distance between
the steel plates was 0.6259 at one end and 0.1259 at the
other end. The unit was placed flatly on the table and
oriented so that the 0.6259 opening was on the sub-
ject’s left. The subject moved a hand-held metal-
tipped stylus (diameter4 0.06259, Model 32100,
Lafayette Instrument, Lafayette, IN, USA) horizon-
tally from left to right through the gradually narrow-
ing groove without touching the steel sides of the
groove. Any contact between the stylus and the steel
wall of the groove completed a circuit and was re-
corded by a battery-operated Silent Impulse Counter
(Model 58023, Lafayette Instrument, Lafayette, IN,
USA). The Impulse Counter recorded the number of
contacts between the stylus and the wall. First, the
tester showed the subject how to perform the task and
answered any questions. The subject was then al-
lowed one practice trial. Then the subject completed
four repetitions.

2. Nine-Hole Steadiness Tester(NHST; Model 32011,
Lafayette Instrument, Lafayette, IN, USA) assessed
postural tremor. This consisted of a vertical metal
plate with nine holes of gradually diminishing size
(diameters4 0.5, 0.312, 0.25, 0.187, 0.156, 0.125,
0.109, 0.093, and 0.0789). The subject was asked to
hold the hand-held, metal-tipped stylus (diameter4
0.06259, Model 32100, Lafayette Instrument, Lafay-
ette, IN, USA) in the hole for 10 seconds without
touching the metal sides. Any contact between the
metal-tipped stylus and the steel wall of the hole com-
pleted a circuit and was recorded by a battery-
operated Silent Impulse Counter. The Impulse
Counter recorded the number of contacts between the
stylus and the wall. The tester showed the subject how
to perform the task and answered any questions. The
first of six holes was selected (diameter4 0.59). The
subject was then allowed one practice trial followed
by four repetitions. The same procedure (one practice
trial and four repetitions) was repeated using five ad-

ditional holes (diameters4 0.312, 0.25, 0.187, 0.156,
and 0.1259). The subject was asked to rest for 60
seconds between each of the holes. Hence, for each
subject, data were collected from 30 trials (one prac-
tice trial and four repetitions for each of six holes).
Because of their small diameter, the smallest three
holes were not tested because contact between the
stylus and the metal plate was virtually continuous.

Quantitative Computerized Tremor Analysis
These studies were performed by one of us (SLP or

QY) in the Motor Neurophysiology Laboratory at
CPMC.25–27The tremor analysis involved the use of ul-
tralight piezo-resistive miniature triaxial accelerometers
(±25 g, 0.5 gm) with linear sensitivities of approximately
4.5 mV/g in the physiological range which were attached
to a proximal and distal position on each arm (that is, the
distal humerus and the dorsum of the hand at the distal
end of the middle metacarpal bone). Silver/silver chlo-
ride electromyogram (EMG) surface electrodes were
used to record activity of the flexor carpi radialis and
extensor carpi radialis muscles along with the acceler-
ometry. Accelerometric and EMG signals were digitized
at 500 Hz using a 15 msec 16-bit A/D system and stored
in eight 4-second trials during different conditions (arms
extended and drawing spirals). Tremor was sampled over
a 30 minutes to record variation over time. Tremor am-
plitudes were derived off-line by double integration of
wrist accelerometric data after filtering out low-
frequency drift (<2 Hz) and averaging. EMGs were full-
wave rectified, integrated, and processed with the accel-
erometric data.25–27

Data Analysis
For the GTST and the NHST, total scores were cal-

culated by summing results from each of the separate
trials (excluding the practice trials). Student’st test and
chi-square statistic were used to test for significance.
Pearson’s correlation coefficients assessed continuous
variables, and for these analyses, because data were not
necessarily normally distributed, the square root for each
observation was used.

RESULTS

Subject Characteristics
There were 47 subjects (19 patients with ET and 28

control subjects). The age of cases (62.2 ± 23.7 [mean ±
standard deviation]) was similar to that of control sub-
jects (59.1 ± 23.5, t4 0.4, p4 0.67). All 47 subjects
had clinically detectable tremor (total tremor score$1);
this tremor was more severe among patients with ET
(mean total tremor score among patients with ET4 16.8
± 5.3 versus 4.4 ± 3.4 among control subjects, t4 9.7,
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p <0.001). Three (15.7%) patients and no control sub-
jects were taking medication to suppress their tremor (x2

4 4.7, p 4 0.03). There were no differences between
patients with ET and control subjects in terms of coffee,
tea, cola drinks, or cigarette consumption on the day of
testing. No subject had used alcohol that day. Two pa-
tients and two control subjects used a tremor-inducing
medication (for example, synthroid, theophylline, asthma
inhaler).

Validation of the Groove-Type Steadiness
Tester (GTST)

Among the 47 subjects, the GTST total score was
correlated significantly with the NHST total score (r4
0.71, p <0.001, see Fig. 1), the tremor disability ques-
tionnaire score (r4 0.49, p4 0.016), the total tremor
score (videotaped tremor examination, r4 0.41, p4
0.005), the performance-based test score (r4 0.65, p
<0.001), and quantitative computerized tremor analysis
results (including maximum tremor amplitude in the
dominant arm during sustained arm extension r4 0.55,
p 4 0.028 [proximal lead], r4 0.52, p4 0. 038 [distal
lead]), and during spiral drawing (r4 0.58, p4 0.019
[distal lead], see Fig. 2). The correlation between the
GTST total score and the maximum tremor amplitude in
the dominant arm during spiral drawing (proximal lead,
quantitative computerized tremor analysis) was 0.09 (p
4 0.74).

Among the 19 patients with ET, the GTST total score
was correlated significantly with the NHST total score

(r 4 0.78, p <0.001) and the performance-based test
score (r 4 0.64, p 4 0.008). Correlations with the
tremor disability questionnaire score (r4 0.43, p 4
0.09) and the total tremor score (videotaped tremor ex-
amination, r4 0.35, p4 0.14) did not reach statistical
significance with this smaller sample size. Nine of the
patients with ET underwent quantitative computerized
tremor analysis, with the GTST total score correlating
with maximum distal tremor amplitude in the dominant
arm during spiral drawing (r4 0.69, p4 0.039) and
during sustained arm extension (r4 0.63, p4 0.06).
The correlation between GTST total score and maximum
proximal tremor amplitude in the dominant arm during
sustained arm extension among these nine patients was
similar to the correlation for the entire group (r4 0.56),
but this did not reach significance (p4 0.12) given the
sample size. The correlation between GTST total score
and maximum proximal tremor amplitude in the domi-
nant arm during spiral drawing was not significant (r4
0.26, p4 0.50).

Validation of the Nine-Hole Steadiness
Tester (NHST)

Among the 47 subjects, the NHST total score was
correlated significantly with the tremor disability ques-
tionnaire score (r4 0.63, p4 0.001), the total tremor
score (videotaped tremor examination, r4 0.68,
p <0.001), and the performance-based test score (r4
0.81, p <0.001). The correlation between the NHST total
score and the maximum tremor amplitude in the domi-

FIG. 1. Correlation between the to-
tal root GTST score versus total root
NHST score. Patients with ET and
control subjects are plotted sepa-
rately. For patients, r4 0.78 (p
<0.001). For control subjects, r4
0.39 (p4 0.05).
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nant arm during spiral drawing (distal lead, quantitative
computerized tremor analysis) was 0.62 (p4 0.01). The
correlation between the NHST total score and other
quantitative computerized tremor analysis results were of
borderline significance (including maximum tremor am-
plitude in the dominant arm during sustained arm exten-
sion, r4 0.48, p4 0.06 [proximal lead], r4 0.48, p4
0. 06 [distal lead]), and during spiral drawing (r4 0.44,
p 4 0.09 [proximal lead]).

Among the 19 patients with ET, the NHST total score
was correlated significantly with the tremor disability
questionnaire score (r4 0.57, p 4 0.02), the total
tremor score (videotaped tremor examination, r4 0.61,
p 4 0.006), and the performance-based test score (r4
0.81, p <0.001). Nine of these underwent quantitative
computerized tremor analysis with the NHST total score
correlating with maximum distal tremor amplitude in the
dominant arm during spiral drawing (r4 0.67, p 4
0.048). The correlation between NHST total score and
maximum proximal (r4 0.50, p4 0.17) and distal (r4
0.59, p4 0.10) tremor amplitude in the dominant arm
during sustained arm extension, and maximum proximal
tremor amplitude in the dominant arm during spiral
drawing (r4 0.59, p4 0.10) did not reach significance
given the sample size.

Test–Retest Reliability

After a practice trial, subjects completed four repeti-
tions. Test–retest reliability (for each item, agreement

among repetitions 1, 2, 3, and 4) was high: GTST (r4
0.74–0.79, p <0.001, except for one r4 0.39 with p4
0.10), NHST 0.59 hole (r4 0.84–0.90, p <0.001), NHST
0.3129 hole (r4 0.82–0.94, p <0.001), NHST 0.259 hole
(r 4 0.83–0.91, p <0.001), NHST 0.1879 hole (r 4
0.79–0.93, p <0.001), NHST 0.1569 hole (r4 0.86–0.91,
p <0.001), and NHST 0.1259 hole (r 4 0.88–0.90,
p <0.001).

GTST and NHST Test Scores (Patients versus
Control Subjects)

While the mean scores differed between patients with
ET and control subjects, there was extensive overlap in
ranges (Tables 1 and 2).

DISCUSSION
A simple, rapid, and easily transportable means to ob-

jectively quantify the severity of action tremor is impor-
tant in epidemiologic and genetic field studies of ET and
other forms of tremor (for example, normal physiological
tremor). Quantitative data on tremor severity may be
used for a variety for purposes in these types of studies
including diagnosis, making inferences about the dura-
tion of tremor and the degree of phenotypic expression of
susceptibility genotypes, and assessing dose–response
relationships between environmental risk factors (for ex-
ample, toxins) and severity of disease. In these settings,
researchers need to collect data that are more precise than
can be provided by clinical ratings of “mild,” “moder-
ate,” or “severe.” The Klove-Matthews Motor Steadiness

FIG. 2. Correlation between the to-
tal root GTST score versus comput-
erized tremor analysis results (maxi-
mum distal tremor amplitude in the
dominant arm during spiral drawing).
Patients with ET and control subjects
are plotted separately. For cases, r4
0.69 (p 4 0.039). For control sub-
jects, r4 0.10 (p4 0.85).
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Battery was initially developed to aid in the examination
of tremor and motor performance in children with dis-
ordered brain function.18,19It has never been validated as
a measure of tremor severity.

We demonstrated that the test battery is a reliable and
valid measure of tremor severity, correlating signifi-
cantly with a variety of independent measures of tremor
severity, including a self-reported tremor disability ques-

tionnaire, a neurologist’s clinical rating of a tremor ex-
amination, a performance-based test of function, and
several results from quantitative computerized tremor
analysis. Because they are easily transportable, we think
these instruments could play a role in a variety of epi-
demiologic and genetic studies that occur in the field.

An important point is that the instrument quantifies
motor steadiness rather than tremor frequency or ampli-

TABLE 2. Mean number (range, standard deviation) of contacts stratified by age

Control subjects (N4 28) ET (N 4 19)

GTST
21–40 yrs 6.0 (1–13, 4.2), N4 7 6.2 (4–9, 1.9), N4 5
41–60 yrs 4.8 (2–10, 3.6), N4 5 22.3 (14–34, 10.4), N4 3
61–80 yrs 11.5 (3–48, 12.7), N4 11 21.0 (2–40, 15.4), N4 6
>80 yrs 12.8 (7–19, 5.4), N4 5 47.2 (17–115, 39.2), n4 5

NHST Hole 1
21–40 yrs 0.0 (0–0, 0) 0.2 (0–1, 0.5)
41–60 yrs 1.4 (0–7, 3.1) 99.3 (0–199, 99.5)
61–80 yrs 0.5 (0–3, 0.9) 1.8 (0–5, 2.2)
>80 yrs 2.0 (0–9, 3.9) 37.4 (0–130, 54.5)

NHST Hole 2
21–40 yrs 1.6 (0–4, 1.6) 1.0 (0–2, 1.0)
41–60 yrs 8.6 (0–42, 18.7) 88.7 (1–246, 136.6)
61–80 yrs 7.9 (0–52, 15.0) 14.8 (0–23, 8.2)
>80 yrs 9.0 (0–22, 8.9) 78.7 (11–280, 114)

NHST Hole 3
21–40 yrs 4.3 (0–12, 4.2) 29.4 (0–136, 29.4)
41–60 yrs 8.6 (0–39, 17.1) 104.3 (6–292, 162.6)
61–80 yrs 11.8 (0–50, 15.9) 34.5 (1–69, 23.2)
>80 yrs 15.0 (0–45, 17.8) 80.8 (9–282, 114.4)

NHST Hole 4
21–40 yrs 12.0 (1–25, 8.7) 54.2 (6–209, 87.1)
41–60 yrs 21.2 (2–72, 28.9) 91.3 (2–237, 127.2)
61–80 yrs 25.6 (0–132, 36.6) 103.7 (0–203, 72.0)
>80 yrs 30.8 (6–64, 23.7) 94.6 (21–264, 98.1)

NHST Hole 5
21–40 yrs 19.1 (1–37, 15.1) 60.8 (15–175, 67.0)
41–60 yrs 37.6 (2–99, 37.0) 41.0 (0–114, 63.4)
61–80 yrs 46.5 (0–121, 37.9) 142.0 (39–235, 78.0)
>80 yrs 43.4 (31–58, 10.8) 109.6 (49–280, 96.9)

NHST Hole 6
21–40 yrs 49.3 (12–68, 19.9) 116.8 (32–217, 70.5)
41–60 yrs 57.6 (9–96, 35.3) 66.3 (0–196, 112.3)
61–80 yrs 72.9 (19–201, 53.2) 150.5 (46–277, 81.3)
>80 yrs 65.8 (33–88, 20.8) 139.6 (78–299, 93.6)

GTST, groove-type steadiness tester; NHST, nine-hole steadiness tester.

TABLE 1. Mean (range, standard deviation) number of contacts between stylus and test instruments

Control subjects
(N 4 28)

ET
(N 4 19) Significance

GTST 9.1 (1–48, 9.0) 24.2 (2–115, 25.7) t4 2.87, p4 0.006
NHST Hole 1 0.8 (0–9, 2.2) 26.2 (0–199, 55.4) t4 2.43, p4 0.019
NHST Hole 2 6.6 (0–52, 12.5) 39.5 (0–280, 80.1) t4 2.15, p4 0.037
NHST Hole 3 9.9 (1–50, 14.2) 56.4 (0–292, 87.7) t4 2.76, p4 0.008
NHST Hole 4 22.4 (0–132, 27.7) 86.3 (0–264, 86.5) t4 3.66, p4 0.001
NHST Hole 5 37.5 (0–121, 30.5) 96.2 (0–280, 82.6) t4 3.44, p4 0.001
NHST Hole 6 63.2 (9–201, 38.1) 125.5 (0–299, 84.6) t4 3.33, p4 0.002

ET, essential tremor; GTST, groove-type steadiness tester; NHST, nine-hole steadiness tester.
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tude per se, and in this sense is unable to distinguish
between tremor and other movement disorders (for ex-
ample, chorea, dystonia) which could also impact on
motor steadiness. Therefore, we are not suggesting that
this instrument should be used as a diagnostic tool.
Rather, because we have demonstrated that the modified
Klove-Matthews Motor Steadiness Battery is correlated
significantly with clinical ratings of tremor severity and
tremor amplitude measured by quantitative computerized
tremor analysis, the test is a valid index of tremor sever-
ity. As an easily transportable device, such a test could be
incorporated into field studies to provide additional
quantitative information to supplement clinical ratings.

In addition to data on patients with ET, we collected
data on normal control subjects who had been stratified
by age. These reference values may be useful for future
studies using the modified Klove-Matthews Motor
Steadiness Battery in terms of documenting the expected
ranges for normal tremor and for ET.

There are several caveats. Our goal was to assess the
use of this test battery for epidemiologic field studies in
which subjects are not typically asked to alter their be-
haviors or to refrain from their usual daily activities. Our
subjects were not asked to refrain from caffeinated bev-
erages, alcohol, or smoking on the day of testing. Despite
this, the use of these substances was limited, and there
was no difference between cases and control subjects in
terms of their use. Second, whereas our goal was to
present reference values for future studies using the
modified Klove-Matthews Motor Steadiness Battery, in
some of the age strata sample, size was small and these
values may not encompass the full range of variability in
a larger sample. Third, the correlations between the
modified Klove-Matthews Motor Steadiness Battery
scores and other measures of tremor severity were more
robust for the entire group than for patients with ET
alone. This may have been a function of a more restricted
range of tremor severity in the case-only analyses as well
as the smaller sample size in these analyses. Despite this,
the modified Klove-Matthews Motor Steadiness Battery
scores were correlated significantly with several mea-
sures of tremor severity in the case-only analyses. Fi-
nally, although we assessed test–retest reliability, we did
not assess interrater reliability.

In summary, the modified Klove-Matthews Motor
Steadiness Battery provides a reliable and valid means to
collect objective quantitative data on tremor severity. Its
rapidity of administration, ease of transport, and simplic-
ity make it a potentially useful tool for assessing tremor
in epidemiologic and genetic studies that necessitate sub-
ject evaluations outside of medical centers.

Acknowledgments:Work was supported by Federal Grant
NIH NS01863, the Paul Beeson Physician Faculty Scholars in
Aging Research Award, and General Clinical Research Center
NIH Grant RR00645.

REFERENCES

1. Louis ED, Ottman RA, Ford B, et al. The Washington Heights
Essential Tremor Study: methodologic issues in essential-tremor
research.Neuroepidemiology1997;16:124–133.

2. Larsson T, Sjogren T. Essential tremor: a clinical and genetic
population study.Acta Psychiatr Scand1960;36(suppl 144):1–
176.

3. Hochberg F, Miller G, Valenzuela R, et al. Late motor deficits in
Chilean manganese miners: a blinded control study.Neurology
1996;47:788–795.

4. Bain PG, Findley LJ, Atchison P, et al. Assessing tremor severity.
J Neurol Neurosurg Psychiatry1993;56:868–873.

5. Sasso E, Perucca E, Fava R, Calzetti S. Primidone in the long-term
treatment of essential tremor: a prospective study with computer-
ized quantitative analysis.Clin Neuropharmacol1990;13:67–76.

6. Koller WC, Rubino F, Gupta S. Pharmacologic probe with proga-
bide of GABA mechanisms in essential tremor.Arch Neurol1987;
44:905–906.

7. Pahwa R, Lyons K, Hubble JP, et al. Double-blind controlled trial
of gabapentin in essential tremor.Mov Disord1998;13:465–467.

8. Fahn S, Tolosa E, Martin C. Clinical rating scale for tremor. In:
Jankovic J, Tolosa E, eds.Parkinson’s Disease and Movement
Disorders.Baltimore, MD: Williams and Wilkins, 1993:271–280.

9. Bain PG, Findley LJ.Assessing Tremor Severity. A Clinical Hand-
book.London: Smith-Gordon and Co, 1993.

10. Louis ED, Ford B, Pullman S. Prevalence of asymptomatic tremor
in relatives of patients with essential tremor.Arch Neurol1997;
54:197–200.

11. Louis ED, Ford B, Pullman S, Baron K. How normal is ‘normal’?
Mild tremor in a multi-ethnic cohort of normal subjects.Arch
Neurol 1998;55:222–227.

12. Elble RJ, Brilliant M, Leffler K, Higgins C. Quantification of
essential tremor in writing and drawing.Mov Disord1996;11:70–
78.

13. Pullman SL. Spiral analysis. A new technique for measuring
tremor with a digitizing tablet.Mov Disord1998;13(suppl 3):85–
89.

14. Elble RJ. Tremor in ostensibly normal elderly people.Mov Disord
1998;13:457–464.

15. Bain PG, Findley LJ, Thompson PD, et al. A study of heredity of
essential tremor.Brain 1994;117:805–824.

16. Deuschl G, Krack P, Lauk M, Timmer J. Clinical neurophysiology
of tremor.J Clin Neurophysiol1996;13:110–121.

17. Louis ED, Wendt KJ, Albert SM, Pullman SL, Yu Q, Andrews H.
Validity of a performance-based test of function in essential
tremor.Arch Neurol1999;56:841–846.

18. Klonoff H, Low M. Disordered brain function in young children
and early adolescents: neuropsychological and electroencephalo-
graphic correlates. In: Reitan RM, Davison LA, eds.Clinical Neu-
ropsychology: Current Status and Applications.Washington, DC:
Winston & Sons, 1974:121–178.

19. Reitan RM, Davison LA, eds.Clinical Neuropsychology: Current
Status and Applications.Washington, DC: Winston & Sons, 1974:
378–379.

20. Louis ED, Wendt KJ, Ford B. ‘Senile tremor’: what is the preva-
lence and severity of tremor in older adults?Gerontology1999. In
press.

21. Marshall J. The effect of aging upon physiological tremor.J Neu-
rology Neurosurg Psychiatry1961;24:14–17.

22. Van Buskirk C, Fink RA. Physiologic tremor. An experimental
study.Neurology1962;12:361–370.

23. Elble RJ. Central mechanisms of tremor.J Clin Neuropsychol
1996;13:133–144.

INSTRUMENT FOR ASSESSING TREMOR IN EPIDEMIOLOGIC STUDIES 101

Movement Disorders, Vol. 15, No. 1, 2000



24. Louis ED, Ford B, Bismuth B. Reliability between two observers
using a protocol for diagnosing essential tremor.Mov Disord1998;
13:287–293.

25. Louis ED, Wendt KJ, Pullman SL, Ford B. Is essential tremor
symmetric? Observational data from a community-based study of
essential tremor.Arch Neurol1998;55:1553–1559.

26. Pullman SL, Elibol B, Fahn S. Modulation of parkinsonian tremor
by radial nerve palsy.Neurology1994;44:1861–1864.

27. Trosch RL, Pullman SL. Botulinum toxin A in the treatment of
hand tremors.Mov Disord1994;9:601–609.

APPENDIX

Tremor Disability Questionnaire

The subject is asked three questions:

1. Do you have difficulty or disability?
2. If no difficulty, then do you need to modify the way

you perform this task?
3. If no difficulty, then have you experienced a loss of

efficiency when performing this task?
1. Signing your name
2. Writing a letter, postcard, thank you card, or check
3. Typing
4. Placing a letter in an envelope
5. Drinking from a glass
6. Pouring milk or juice from a bottle
7. Carrying a cup of coffee
8. Using a spoon to drink soup

9. Carrying a tray of food
10. Eating in a restaurant
11. Inserting a coin in a pay telephone or a washing

machine
12. Dialing a telephone
13. Holding a telephone to your ear
14. Buttoning your buttons
15. Tying your shoelaces
16. Zipping up a zipper
17. Putting on your eyeglasses
18. Putting in your contact lenses
19. Using eye drops
20. Cutting, trimming, or filing your nails
21. Putting on your watch
22. Brushing your teeth
23. Replacing a dollar bill in your wallet or purse
24. Reading a book, magazine, or newspaper
25. Unlocking door with a key
26. Threading a needle
27. Using a screwdriver
28. Screwing in a light bulb
29. Placing a plug in an electrical socket
30. Tying your necktie (men) or putting on your lip-

stick (women)
31. Shaving (men) or putting on your eyeliner

(women)
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