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The Hand Dynamometer as a lr{europsychologica} Measure

Carl B. Dodrill
Department of Neurological Surgery

University of Washington School of Nledicine

The sensitivity of the hand dynamometer to the presence of brain darrage and
to its lateralizalion rvas evaluated and compared with that of the Tapping Test
and the Tactual Performance Test. Four groups of 25 subjects each rvere
studied (control, right-hemisphere damage, left-hemisphere damage, and bilat-
eral damage). Nleasures of performance on each test included those of each
hand taken separateiy as well as their sum. To identify the lateralization oi
brain lesions, a method was developed that used the control group as e basis
for comparison and that simult.aneously considered the relative pertormances
of each hand on each task. All test variables discrirn:nated between the control
and brain-damaged groups at high levels of statistical signif,cance. Furthermore.
the dynamometer discriminated beb*'een these groups as rvell as did the Tapping
Test and Tactual Performance Test. Finally, the dynamometer correctly identi-
6ed the lateralization of braio lesions in more instances than either o{ the other
tests. It is concluded that the band d.vnamometer is a neuropsychological mea-
sure of considerabie promise.

Many years ago, Halstead (1947) demon-
strated thar" assessment of voluntary motor
movement could be useful in evaluating the
integrity of brain functions using such mea-
sures as the Tapping Test and the Tactual
Performance Test. Reitain (1966) expanded

the use of these measures by demonstrating
that differences in performance between the

two hands are related to the relative func-
tioning capabilities of the two cerebral hem-
ispheres. Thus, by axamining level of per-
formance and by comparing the two sides of
the body, these tests of motor speed and
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agility were established as reliable indicators
of the integrity of brain functions.

Clinicians have realized that intensity or
strength of voluntary motor activity might
also be a reliable indicator of brain functions,
and many use some strength-of-grip measure
in neuropsS'chological assessment. Suclr use
has led to an establishrnent of its clinical
value as lvell as to a listing of the dynamom-
eter by Reitan and Davison (1974) as a.

neuropsychological measure. On a research
basis, Reitan (1974) demoostrated that the
strength of grip of young brain-damaged and
nonneurological children {ages 5-8) differs
only slightiy. Boll (197.1), in working nrith
older chiidren (ages 9-14), found much more
striking differences. No parallel studies have
been done rvith adults that have directly
compared brain-damaged persons with non-
neurological controls, and none have evalu-
ated the dynamomeler with respect to the
correct placement of lateralized lesions. The
present stud1, addresses these areas and eval-
uates the utility of the hand dynamometer ia
comparison with two other better established
neuropsychological measures (Tapping Test,
Tactual Performance Test).
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Method
Su.b jects

Four groups of adults (ages 15 and over) were
formed, lvith each'group ionsLting ol 25 persbns.

Subjects in the control group had negative neuro-
logical histories. They had never had any disease
that might have afiected the nervous system (men-
ingitis, encephalitis, polio, diabetes, rheumatic fever,
scarlet fever, etc.), and they had no histories of high
fever, partial drowning, exposure to gas, heat ex-
haustion, fainting spells, or head trauma. They were
recruited frorn a variety of community resources
including churches, schools, and employment agencies.

Three groups of brain-damaged persons were se-

lecied on the basis of the primary location of brain
daoage (dght hemisphere, lef t hemisphere, both
cerebral hemispheres). In each group, there were 5

indil'iduab rvith intrinsic brain tumors, 11 with a

history of head trauma, and 9 wirh cerebral vascu-
Iar problems. Neurological diagnoses rvere established
by anamnesiic information, angiography, pneumo-
encephalography, electroencephalography, skuil x-
rays, neurosurgical findings, and autopsy.

Across all groups, a subject*by-subject matching
procedure was maintained for the variabies of sex
(there rvere 20 males and 5 females in each group).
race (all subjects were Caucasian), and handedn":ss
(all subjects were right-handed). lVithin the brain-
damaged group6, ihe subject-b1'-subject .atching
procedure included the general type of neurclogical
difficulty ( neoplastic, traumatic, vascular) . Finally,
within each sel of 4 persons (l from each group),
matching was cornpleted as ciosely as possible for
age and years of {ormal education, with t}e result
that each group averaged approximately 41.14 years
of age and 10.68 years of educa'"ion.

.& part of their neuropsychological evaiuations,
all subjects were administered tle dynamometer,
the Tapping Test, and the Tactual Performance
Test. Atteniion rvas given to the exact administra-
tive procedures suggested by Reitan with a strong
emphasis on maximal performance. To assess strength
of grip, the Smedley Hand Dynamometer rvas used,
which registers strength in kilograms. Two trials
were given in alternating fashion for each hand
beginning with the right (preferred) hand, and the
average of the two trials was used as the final score
for each hand.

Because the Tactual Performance Test provided a

total time score summing all trials (including right
hand, left hand, and both hands), summary scores
(right plus left) for the Tapping Test and the
dynamometer were also provided in addition to the
usual scores for each hand alone.

Analyses

To evaluate the discriminability of the tests,
univariate analyses of variance lvere run across all
four groups for each test variable, and evaluatiore
of significant differences between groups lvere as-
sessed by the Newman-Keuls procedure (lViner,

1971). In these anall-ses, homogeneity of variance
lvas maintained by converting all data to normalized
standard scores with a trrean of 50 and a standard
deviation of 10. Performances on the Tactual Per-
formance Test rvere considered on a minutes-per-
block basis.

The effectiveness of each of the three tests in
implicating lateralized damage was assessed using
only the subjects s.ith lateralized lesions. The per-
formance by the left (nonpreferred) hand was di-
vided by the performance of the right (preferred)
hand so that in each instance a left-to-right com-
parison in performance could be made with a single
score. The mean and standard deviation oi this
score for the control group were computed, and 1

standard deviation on either side of the mean was
arbitrarily selected as the [rnit of normal per-
formance. The performance of each individual in
the right and left brain-dama3ed groups was tten
compared with this staldard. If the performance
for any brain-damaged patieat on each of the
three measures considered separately indicated tiat
the right hand was not performing as weII as would
be expected in comparison with the performance o{
the lelt hand, the left cerebral hemisphere was con-
sidered to be implicated by that measure, and vice
versa. Chi-square staGtics were applied to tle
subjects who were classified by tbis procedure.

Results

The discriminability of each neuropsycho-
iogical variable considered on a group-by-
group basis is given in Table l. Ilighly sta-
tistically signifrcant differences across the
groups were found with respect to every
variable, and &e control group did better
than all brain-damaged groups in every in-
stance. The dynamometer discriminated be-
trveen the normal and brain-damaged groups
as well as did either of the other tasks.

The lateralization data are presented in
Table 2. If performance fell within the nor-
mal ( I standard deviation) range, neither
hemisphere was considered implicated and
placement was made in the "neither" group.
When one hemisphere or the,other was impli-
cated, all three tests classified a majority of
individuals correctly, and the dynamometer
correctly classified the largest number.

Discussion

The high level of discriminability demon-
strated by the dynamometer betrveen normal
and brain-damaged subjects was unexpected-
It is true that the brain-damagecl groups had
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Table I
Data on All

Control R"ight damage Left damage
Bilateral
damage

Test and variable lt SD t/i SD }T SD

Dynamometer
Right hand 48.12b,c,d 13.39 33.9.1" 12.07 31.42^ 16.85 36.16* 9.37 ?.73
Left hand 44.86b,c,d 12.15 2t.42,,c,d, 15.18 37 .zto,b 12-75 32.44",b 11.93 13.73
Total (right $ left) 93.96b,c'd 25.12 55.36s,c,d 22.21 68.61*,b 26.48 68.60"-b 19.61 10.43

Tapping
Right hand 53.44b'c,d 6.23 41.76, 9.00 37.00" 17.28 40.36" Il.2l 9.64
Left hand 49.60b.c,d 5.37 30.72"." 14.30 39.24!,b.d 11.50 34.60"." 10.28 t7.tt
Total (right f left) 103.04b,c,d 10.43 72.48" 20.27 76.24, 26.08 ?5.44- 18.9? 11.96

Tactual Performance

SD

Right hand
Left hand
Both hands

Total (all trials)

.lgb'c.d

.64b, c'd

.39b' c,d

"59b, 
c,d

.50 4.12,

.37 6.83a, c,d

.21 4.2.tr.

.32 4.14.'d

5.54 5.70"'t
6.85 2.77'.t
5.94 2.27,

5.25 2-63o

6.03 2.5+'" 3.Zg '1,2.25

4.69 2.45"'b 3.30 E.53
4.29 1-59* 3.15 8.13

4.18 1-74*.b 2.16 11.07

Note. F statistics were computed on the basis of I scores. All Fs *'ere significant at.the.001 level.z : 25
Superscripts designated groups with statistically different performances (? < "0L).r Control.
b Right damage.

" Left damage.
d Bilateral damage.

unequivocal evidence of cerebral involve-
ment. ft is also true that the nonneurological
group, consisted of "off the streel" individuais
rather t}lan the hospital populations usually
studied (Halstead, 1947; Reitan, 1955; Vega
& Parsons, 1967). These facts may have

'fable 2

Ntr.mbers oJ Subjects in the Right- and,
LeJ t- D ama ged, Gr ou p s C la s sifi,ed. A ccor din g
to the Laleralizing Implications oJ Their
PerJormance

Hemisphere implicated

Test and group Right Left Neither x'

served to accentuate the general differences
between the groups, but they did not give
the Tapping Test or the Tactual ?erformance
Test any noticeable edge in discriminant abil-
ity over the dynamometer. This was particu-
larly surprising in view of the extrerrre sirn-
plicity of the dy'namomeler. An incidental ob-
servation was that when performances by the
preferred hand alone were coasider€d, control
subjects outperformed their matched brain-
damaged strbjects 9L/o of. the time with the
dynamometer, 82/o of the time with lhe Tap-
ping Test, and 84/c of the time with the
Tactual Perlormance Test. Thus, it apgears
that the dynamometer does effectivetry dis-
criminate between normal and brain-dam-
agd adults when corsideration is lnade

16.88** either on a subject-by-subject or oil a group-
by-group basis.

The discriminability of the dynamometer
6'01* may in part relate to the age of the person

to whom it is administered. It is of inter*st to

6.39* note that Reitan (1974) shorved only miaimal
discrimination betrveen normal and brain-
damaged young children wilh the dynanrome-
ter, but Boll (197ai showed better discrim-

Dynamometer
Right damaged
Left damaged

Tapping
Right damaged
Left darnaged

Tactual Performance
Right damaged
Left damaged

t2112
3139

1069
3 7 15

9313
2716

*, < .05.
*" P < .001.
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inability consistent u'ith that obtained rvirh
older children. The reasons for this are not
clear, although it is possible that the test is
most usefui when a brain insult occurs 'lvell

after the development of cerebral dominance.
The relalively good lateralization of lesions

by the dynamorneler r,vas sometyhat surpris-
ing. Admittedly, the criterion of 1 standard
deviation above or below the control mean is
arbitrary. Furthermore, it ieads to fi.ndings
that are, if anything, conservative in impli-
cating one cerebral hemisphere or the other.
For example, the performance by the control
group with the lelt hand on the Tapping Test
was approximalely .93 that o{ the perform-
ance on the right hand. The standard devia-
tion rvas .09, so that any score from ,84
through 1.02 was considered within ncrmal
iimits, rvhereas scores less than .84 implicated
the right cerebral hemisphere and scores
greatei lhan 1.C2 implicated the left cerebral
hemisphere, If one assumes that a person's
right (preferred; hand averages 50 on the
Tapping l'est, an identical performance by
the ieft hirnC rvould fall in the range of nor-
mal Iin-rits, rvhereas clinical inierpretation
rvoulcl definiteiy suggest tliat the right hand
lvas slorv. I:urtheimore, the score rvith the
le{t hand rvould have to be 41 or iess in order
to implicate tire right cerebral hemisphere,
r."'hereas in clinical praclice scores of 42 or
43 lvould certainiy raise the question of
slolvness rvith respect to the leit hand. trVith
the procedure being somewhat conser%tive,
it is rrot surprising to discover that 42/o to
58/c ol the peopie evaluated in the laierali-
zation analysis (Table 2) had performances
that implicated neither cerebral hemisphere
on each test. Holvever, lhe conservative and
arbitrary nature of the procedure lvould not
appear to favor any pariicular iest and is nol
likely to account for the fact that t'hen deci-
sions rvere made, they \vere correct in 86/o
crf the cases for the dynamorneter and irt ,65c/o

and 76(y' of the cases for the Tapping Test
and the Tactuai Performance Test, respec-

tively.
The que:slion cau be raised as to rvhether or

not a cutoif score shoulcl be established {or
the clynamometer in the saine {ashicn thal it
hrs been establisheci fc,i the Hrlstead mea-
sures. 'lhis appears unlvise, bec:Luse (a) the
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nurnber of subjects in the present study is
too small to constitute a* adequate standard-
ization sample, (b) there are obvious sex
differences that would require separate
norrns, (c) certain vocationa] and avocalional
activities of individuals ma1' afiecl scores on
this test, and (d) the accuracy of the Smed-
ley dynamometers depends on a spring that
may become weakened with use and lead to
error in measurement. ?herefore, no efforl
has been made to establi:h a cutoff score.

Overali, the hand d1,tamometer both dis-
criminates betrveen norraai and brain-Cam-
aged persons and lateralized lesions as ',vell
as do existing measures- It appears to be a
promising neuropsychoiogicai measure that
warranls both clinical us* and {urther formal
evaluation, especially in consideralion of the
brief administration time requlred vis-i-vis
the other two neurops3,-chological measures
(Tactual Performance Test, Tapping Test)
conventionally used in the Halstead*Reitan
battery.
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