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Abstract

Patients with apraxia are more impaired when performing transitive pantomimes than intransitive gestures. This
dissociation might be related to the differences in movement complexity. Alternatively, the programs for intransitive
gestures might be better defined, more widely distributed, or easier to activate than are those for transitive
pantomimes. The purpose of this study was to test the compleaigusrepresentational hypotheses. Twenty
right-handed normal subjects both performed and discriminated correct from incorrect transitive pantomimes and
intransitive gestures. The discrimination was performed by having subjects point at illustrations of hand postures.
The subjects performed better when discriminating postures than when performing gestures or pantomimes. On both
the production and discrimination tests, subjects performed better with intransitive gestures than transitive
pantomimes. Although the finding that even normal subjects had more difficulty performing transitive pantomimes
than intransitive gestures might appear to support the complexity hypothesis, that subjects also had more difficulty
discriminating transitive than intransitive postures supports the representational activation hypothesis.

(JINS 2002,8, 958-962.)
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INTRODUCTION asked to pantomime to verbal command (e.g., “Show me
how you would use a bread knife to cut a slice of bread”) or
in response to seeing a tool (e.g., hammer) or the object

‘upon which the tool works (e.g., nail). Subjects might also

.1965.’ Liepmaqn, 1920).Although there are at_ least six C“r?be asked to imitate a pantomime or gesture performed by
ical limb apraxia syndromes (Heilman & Rothi 1993, Rothi y, . o aminer, and to use actual tools and implements. The

& Heilman, 1997) that are defined by the nature of BITOrS 1 ost sensitive test for apraxia is having patients pantomime

made by the patient, this article focuses on ideomotor apraxi?0 verbal command because this test provides the least cues

(hereafter referred to as apraxia). When attempting to P€3nd is almost entirely dependent on stored learned move-

form I.earned Sk'”eq movements, patients W'th_'deommorment representations (visuokinesthetic movement engrams
apraxia make spatial and temporal errors (Poizner et al

. . . r praxicons). Seeing or holding a tool, as well as seeing the
1990, Rothi et al., 1988). The spatial errors include pOSturaZxaminer perform a pantomime, may provide the patient

Limb apraxia is defined as an inability to correctly perform
learned skilled movements with the forelimbs (Geschwind

Xpraxia is, in part, a diagnosis of exclusion (Heilman &
Rothi, 1993). In order to be classified as having an apraxia,
the inability to perform learned skilled movements should
_ , not be caused by more elemental motor disorders, and the
Reprint requests to: Kenneth M. Heilman, M.D., Department of Neu-. bili f Killed hould al b
rology, University of Florida, Box 100236, Gainesville, FL 32610-0236. INabllity to perform skilled movements should also not be

E-mail: heilman@medicine.ufl.edu caused by cognitive deficits such as aphasia or inattention.
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In both stroke and degenerative diseases, apraxia is ofteshown that normal subjects have less difficulty recalling
associated with aphasia, and impaired auditory compreherthe names of objects that have a high frequency than those
sion may interfere with praxis testing. In addition, patientsthat have a lower frequency (Brown & McNeill, 1966).
with stroke and degenerative diseases often have elementalhereas patients with left hemisphere brain dysfunction
motor disorders that can also interfere with praxis testingfrom focal lesions or degenerative disease might have trou-
Therefore, we wanted to develop a test of praxis knowledgéle with word finding, they are also more likely to have
that did not rely on the comprehension of verbal commandsrouble with lower than higher frequency words (Nadeau
and does not require pantomime or gesture production. et al., 2000). The relationship between word frequency and

With the exception of one report (Belanger et al., 1996),naming ability suggests that frequency of use influences the
many investigators have reported that patients with apraxiatrength of lexical-semantic representations. Because in-
are more impaired when performing transitive pantomimegransitive gestures are more frequently used than are tran-
(e.g., using knife to cut bread) than intransitive (e.g., wav-sitive pantomimes, the representations of intransitive gestures
ing goodbye) gestures (Foundas et al., 1999, Haaland &iay be stronger, and easier to activate and implement than
Flaherty, 1984, Rothi et al., 1988, Roy et al., 1991). Tran-ransitive pantomimes. In addition, when most people speak,
sitive pantomimes might be more likely to be impaired thanthey automatically gesture, and when people are listening
intransitive gestures because the movements associated with a speaker, they also recognize the speaker’s gestures,
transitive pantomimes are more complex. Whereas both tranacluding postures. It is rare, however, for people to use
sitive pantomimes and intransitive gestures both require caransitive pantomimes when speaking or to recognize tran-
ordinated forelimb movements and postures that are directesitive pantomimes made by other people. According to Heb-
to atarget, transitive pantomimes have an additional requiresian principles of synaptic modulation, cortical memory
ment; positioning the hand and fingers as well as movinghetworks are formed by the coactivation of neuronal net-
the hand so that it interacts with a tool or implement. Forworks (Fuster, 2000). Whereas speech and intransitive ges-
example, when a person performs an intransitive act suctures are frequently temporally linked, speech and transitive
as saluting, the person makes a hand posture (hand ampéntomimes rarely co-occur. Thus, because intransitive ges-
wrist straight with thumb adducted), then while flexing the tures and postures are typically used with communicative
elbow and abducting the arm at the shoulder, the persoimtent, their representations are more easily engaged by
directs the hand to his or her forehead. In contrast, whespeech or seeing postures than are the representations of
pantomiming the use of scissors to cut paper, in addition taransitive pantomimes. Since normally the memories or rep-
making a hand posture to hold the scissors, extending theesentations of intransitive gestures are activated by speech
forearm at the elbow and extending the arm at the shouldesr seeing someone else gesture, it is possible that intransi-
to move the scissors across the paper, the person has tige representations are more easily and fully activated by
interact with scissors by alternatively flexing and extendingspeech and seeing gestures than are transitive pantomimes.
the forefinger and thumb. If the complexity hypothesis is According to the above discussion, if the complexity hy-
correct, we would expect that although normal subjectgothesis is correct, we would expect that, although normal
would be more impaired at performing transitive panto-subjects would be more impaired at performing transitive
mimes than intransitive gestures, there would be no differpantomimes than intransitive gestures, there would be no
ence in the recognition of correeérsusncorrect transitive  difference in the recognition of correeérsusncorrect tran-
and intransitive hand postures because the difference in corsitive and intransitive hand postures, because the difference
plexity between transitive pantomimes and intransitive gesin complexity between transitive pantomimes and intransi-
tures is essentially eliminated when one views static hantive gestures is essentially eliminated when one views static
configurations. In contrast, the finding that normal subjectshand configurations. If the storage or activation hypotheses
continue to have more difficulty in recognizing transitive are correct, we would expect intransitive gestures would be
than intransitive postures would raise alternative hypothboth easier to perform and to recognize than transitive pan-
eses. It is possible that the representations of intransitiveomimes. Therefore, we developed a Postural Knowledge
gestures are stored differently than those of transitive panftest to assess the recognition of postures associated with
tomimes. For example, the representations of intransitivéoth transitive and intransitive movements. Normal elderly
gestures may be more widely distributed and therefore morsubjects were asked to perform and recognize-discriminate
resistant to local damage or focal degeneration. If this poseorrect from incorrect transitive pantomimes and intransi-
tulate were correct, one may expect that independent dfve gestures.
lesion locus one would more frequently observe disorders
of intransitive than transitive movement, but more widely
distributed networks might also have a greater ability toMETHODS
compensate for focal injury. This distribution hypothesis,
however, could not explain why normal subjects make morgresearch Participants
errors when performing transitive pantomimes than intran-
sitive gestures. Intransitive gestures are more frequentliBecause we plan to use this test with patients with stroke
used and observed than transitive pantomimes. Studies haged degenerative diseases, we tested 20 right-handed (as
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search project was approved by the Institutional Review
Board, and informed consent was obtained.

Apparatus

The Postural Knowledge Test contains 20 test and four train-
ing cartoons depicting a person performing an action. Ten
of these test cartoons were transitive acts (eating, applying
lipstick, ironing, writing, painting, cutting hair, firing a gun,
hammering a nail, combing the hair, using a key) and 10
were intransitive (victory, salute, be quiet, hitting, good-
bye, snap fingers, okay, pray, applaud, stop). The transitive
cartoons portrayed a person acting on an object (e.g., a
woman writing) without a person’s distal forelimb and tool
implement being visible (see Figure 1). While viewing these
Fig. 1. Cartoon of a woman writing notes on a piece of papertransitive action cartoons, the subjects were shown re-
while listening to the telephone. While the paper on which she issponse sheets each containing pictures. For each trial, one
writing and her arm are visible both the pencil and her distalpicture demonstrates the arm and hand making the correct
forelimb including her forearm, wrist and hand are not visible.  posture while holding the togimplement, and the two other
cartoons were incorrect foils (see Figure 2). The viewer-
centered position of the correct or target cartoon was ran-
determined by the hand with which they selected to gesturdomly positioned across trials. The subject was trained to
or pantomime) elderly, normal, control subjects. There wergpoint to the correct hand posture cartoon. The cartoons for
10 women and 10 men. Subjects with a history of a neurothe intransitive gesture were similar to those of the transi-
logical disease, including dementia or memory loss, alcotive pantomimes, only instead of an object upon which a
hol or drug abuse, severe head trauma, substance abuteg! works, there was a scene that was associated with the
psychiatric disease, or developmental learning disabilitiegntransitive gesture.
were excluded. To make certain that none of our subjects The Gesture—Pantomime Production Test has the same
were suffering with dementia we performed a Mini-Mental 20 test pantomimes and gestures (10 transitive and 10 in-
State Examination (MMSE; Folstein et al., 1975) on ourtransitive) as does the Postural Knowledge Test. There were
subjects. The mean score for the MMSE was 283D+  also four training trials.
1.66). Based on our screening procedure, however, we could
_not entirely eliminate the posgb_ﬂﬂy that some qf our.SUb'Procedures
jects may have had the beginning of a dementing disease
such as Alzheimer’s. The mean age for our subjects wa¥he subjects were seated at a table across from the exam-
75.75 SD = 5.36). The mean education level was 13.10iners in a quiet room. After the training—demonstration
(SD = 3.34) years. Preliminary analyses showed no differtrials, the test trials were administered. In the Gesture—
ences in age > .05), education § > .05) or MMSE  Pantomime Production Test, the subjects were asked to pan-
scores p > .05) between our women and men. This re-tomime or gesture with their preferred (right) hand in

a b

Fig. 2. While viewing this “writing” transitive action cartoon, the subjects are shown a response sheet with three
pictures. One picture demonstrates the forearm and hand making the correct posture (c) while the two other cartoons
were incorrect foils (a and b).
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response to verbal command. While performing these pan-SD= 2.62) and women 14.3G0= 2.21). For the Gesture—
tomimes the subjects were requested to abstain from usingantomime Production test, the difference between men and
a body part as a tool. The performance of the subject wasromen was not significantly different for the transitive pan-
videotaped and subsequently scored by two trained judgesmimes (p = .431), the intransitive gesturep & .395 ) or

as correct or incorrect. During the Postural Knowledge Testhoth (p = .324). Therefore, for subsequent analyses, the
the transitive and intransitive trials were presented in a ranscores for men and women were combined (see Figure 3).
domized order. During the training trials the subjects were On the Gesture—Pantomime Production Test—transitive
given feedback, but during the test trials, no feedback wapantomimes subtest, subjects performed correctly on a mean

given. of 4.65 (SD = 1.93) trials and on the intransitive gestures
subtest scored a mean of 9.1%X= 1.02). On the Postural
RESULTS Knowledge Test, subjects obtained a mean of 835b €

0.83) correct responses on the trials with transitive panto-
On the Postural Knowledge Test with transitive panto-mimes and a mean score of 9.55¥ = 0.60) correct re-
mimes, men had a score of 8.38) = 0.95) and women a sponses with intransitive gestures.
score of 8.80 §D = 0.63). On the same Postural Knowl-  We performed a repeated measures analysis of variance
edge Test with intransitive gestures, men had a score ajn this data with the major factors being task (Gesture—
9.50 (SD = 0.53) and women had a score of 9.6880(= Pantomime Productioms. Postural Knowledge) and ges-
0.70). For both tests men had a score of 178D € 1.03) ture or pantomime type (transitiwes. intransitive). There
and women 18.403D= 1.17). On the Postural Knowledge was a main effect for taskF (1,19 = 76.05,p < .001],
Test, the difference between men and women was not sigsuggesting that Gesture—Pantomime Production was asso-
nificantly different for the transitive pantomimep € .182),  ciated with more errors than was Postural Knowledge, and
the intransitive gesture(= .722) or both p = .241). On  a main effect for type of gestufd=(1,19 = 124.10,p <
the Gesture—Pantomime Production Test with transitive pan001], suggesting that subjects make more errors with tran-
tomimes, men had a score of 4.30= 2.06) and women sitive pantomimes than intransitive gestures. This analysis
a score of 5.00 $D = 1.83). On the same Gesture— also revealed a significant interaction between Taskes-
Pantomime Production Test with intransitive gestures, meture Type[F (1,19 = 57.29,p < .001].
had a score of 8.908D = 1.20) and women had a score of Regarding postural knowledgppst-hocanalyses with
9.30 (SD= 0.82). For both tests, men had a score of 13.2Bonferroni correction revealed that subjects made more rec-
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Fig. 3. Praxis knowledge and production.
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ognition errors with transitiveNl = 8.55,SD = 0.83) than  observe another person’s gestures or when they want to
with intransitive movementsM = 9.55,SD = 0.60;p < transmit a nonverbal message. In contrast, people primarily
.001).Post-hocanalyses also revealed that subjects had morese transitive postures when actually using tools or objects,
difficulty producing transitive pantomimed(= 4.65,SD=  and people are rarely called upon to activate these transitive
1.93) than they had selecting the correct transitive posturpostural representations in response to verbal command or
(M = 8.55,SD=0.83;p < .001). However, there was no to seeing the posture in the absence of the tool or object.
difference between the production and the recognition oRepresentations grow stronger and becomes more widely
intransitive gesturesg(= .10). distributed the more one practices (Nudo et al., 1996), and
people are less likely to make errors when performing well
DISCUSSION practiced acts than when performing rarely practiced acts.
We found that our normal subjects had more difficulty cor- A\CcKNOWLEDGMENTS
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