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Abstract
Purpose of Review This chapter focuses on limb apraxia, a cognitive-motor disorder of learned skilled movement, and the nature
of the spatiotemporal errors that disrupt movement sequences.
Recent Findings A cognitive model that attempts to reconcile conceptual and preparatory aspects of the motor program with
perceptual and kinematic features will be discussed. An update on the localization of the praxis network will be provided. In
addition, a long-held view that limb apraxia does not have ecological relevance will be disputed in the context of studies that have
shown that limb apraxia (i) is one of the most important predictors of increased caregiver burden and (ii) is associated with
impaired activities of daily living in post-stroke patients. This review summarizes current screening tools and the few randomized
clinical controlled treatment studies to date.
Summary Limb apraxia is underdiagnosed and very few therapeutic options are available. Cognitive process models should be
used to inform future controlled multi-modal treatment strategies.
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Introduction

Praxis is defined as the ability to perform goal-directed or
learned skilled movements. Goal-directed upper limb move-
ments include tool use (transitive) gestures, like using a ham-
mer, and meaningful communicative non-tool (intransitive)
gestures, like waving good-bye. Limb apraxia is an acquired
cognitive-motor disorder characterized by a breakdown in the
spatial and temporal organization of arm and hand move-
ments. Cognitive models propose a division into a praxis pro-
duction system that controls the motor plans for learned skilled
movements and a praxis conceptual system that controls
knowledge of object-related action plans. A disorder of the
praxis production system is called ideomotor apraxia, where-
as a disorder of the praxis conceptual system is called concep-
tual or ideational apraxia.

There is confusion about the term “apraxia” as it has been
applied to a number of disorders that are not cognitive-motor
disorders of the upper limb. These include dressing apraxia (dis-
order of dressing), ocular apraxia (disordered eye movement),
and constructional apraxia (disorder of drawing ability). In addi-
tion, some investigators have proposed other limb apraxia sub-
types, including limb-kinetic apraxia, which is not a cognitive-
motor disorder per se, but rather a breakdown in the motor action
plan with a “clumsy” movement dissociable from disordered
learned skilled movements, often present in Parkinson’s disease.
Apraxia has also been used to describe oral motor disorders like
buccofacial (oral) apraxia and apraxia of speech. Because these
two disorders are often associated with an elemental motor prob-
lem involving the lips, face, tongue, or oral pharynx and fre-
quently co-occur with aphasia, these apraxia subtypes cannot
easily be disassociated from sensorimotor or language deficits.

Limb apraxia, which will be the focus of this article, is
operationally defined as a disorder of learned skilled move-
ments that cannot be explained by sensorimotor or compre-
hension deficits. Thus, the action errors in limb apraxia, using
this narrow definition, must be evaluated independent of an
elemental motor deficit such as weakness, deafferentation,
abnormalities of posture and tone, ataxia, or lack of under-
standing. Limb apraxia (dyspraxia in developmental disor-
ders) can occur in a variety of acquired neurological
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conditions including stroke, Alzheimer’s disease, and other
neurodegenerative disorders (e.g., Parkinson’s disease and
corticobasal degeneration), and in many developmental disor-
ders such as autism spectrum disorder and specific language
disorder. Limb apraxia may also follow traumatic brain injury
(TBI) at any age.

The present discussion will be limited to limb apraxia,
emphasizing the praxis production system with some refer-
ence to the praxis conceptual system within a cognitive-
process model. We focus primarily on post-stroke limb
apraxia for three main reasons. First, limb apraxia is a com-
mon disorder in unilateral stroke, with estimates that as
many as 63% of left-hemispheric stroke patients are affect-
ed [38, 102]. Second, lesion localization in stroke provides a
reductionist model to evaluate the critical brain regions in-
volved in the production of learned skilled movements
(praxis production network) and in the action-semantic
knowledge (praxis conceptual network) necessary for
selecting appropriate limb movements. Finally, there is a
wider literature on limb apraxia following stroke compared
to other acquired neurological disorders like Alzheimer’s
disease, corticobasal degeneration, or TBI. It is beyond the
scope of this review to detail limb apraxia in these other
important neurological conditions, or to fully examine the
history or conceptual-theoretical underpinnings of limb
apraxia. This article will include a summary of controver-
sies and consensus regarding current cognitive models, as
well as the evaluation and treatment of limb apraxia.

Anatomy and Localization of Limb Apraxia

The Praxis Network

Current models of limb apraxia propose that visuokinesthetic
engrams or representations of learned skilled movement (i.e.,
conceptual motor plans) rely on the left inferior parietal lobe,
while the computations guiding these goal-directed move-
ments (i.e., concrete motor plans) are facilitated by left pre-
frontal motor cortices [17, 18, 28••, 51, 63, 74, 84, 85] (see
Fig. 1). This localization can explain goal-directed right limb
movements or the praxis production component. For move-
ments to be performed with the left arm and hand, these left
hemisphere regions must communicate with contralateral
right premotor areas in order to activate descending motor
pathways on the left side [37, 51].

Converging evidence from lesion, neuroimaging, and neu-
rophysiological studies show that the supramarginal gyrus
(SMG, Brodmann’s area 40), supplementary motor area
(SMA, medial portion of Brodmann’s area 6), and their white
matter connections are the critical components of the parietal-
frontal praxis production network [6, 14••, 19, 28••, 33, 34,
45, 58, 100]. Patients with limb apraxia may have deficits at

the level of motor planning (frontal) or sensorimotor integra-
tion (parietal) [7]. A functional MRI study using repetition
suppression to study hand gestures in healthy participants
found that performance of a novel action, collapsed across
specific actions, showed greater left than right-hemispheric
activation within a predominant parietal-frontal circuit involv-
ing inferior frontal gyrus and the inferior parietal cortex
(SMG) [46]. A recent review by Buxbaum and Randerath
[13••, 14••] provides a comprehensive discussion of the im-
portance of the left inferior parietal cortex in limb apraxia.

Lesions, Locations, and Models of Apraxia

There is some empirical evidence that lesions to the left in-
ferior parietal cortex produce disordered gesture production,
discrimination, and recognition,whereas isolated left frontal
lesions are more likely to yield specific production deficits
(i.e., without errors in gesture discrimination and recogni-
tion) [53, 81]. These distinct patterns of deficits by lesion
location have been incorporated into cognitive models of
apraxia that propose at least partially separable modules of
praxis production, gesture comprehension, and gesture dis-
crimination. Conceptual aspects of tool use and arm-hand
gestures are also at least partially dissociable functions
[69], with less clarity regarding functional localization.

This segregation into a dual model of praxis networks is
somewhat analogous to anterior and posterior language zones,
with the former associated with production or expressive abil-
ities and the latter with receptive skills or auditory compre-
hension. A dorsal-ventral visual processing model has been
used to explain how praxis production and recognition-
discrimination functions are at least partially distinct from a
semantic praxis system [21, 52, 53, 55, 68, 70, 81]. It remains
controversial whether action semantics represents a distinct
capacity or is inseparably integrated into more generalized
knowledge of associated objects. One recent study suggested
specificity of action recognition within the lateral
occipitotemporal cortex [55]. There also continues to be de-
bate about the degree of laterality of praxis functions, although
current consensus is that these are largely lateralized within a
left-hemispheric network in most individuals regardless of
handedness [2, 5, 29, 48, 60, 65, 66•, 79]. Króliczak and
colleagues [61•] found left-lateralized activation of SMG for
action planning in both healthy right- and left-handers.

Because the anatomical regions constituting the praxis net-
work are located in close proximity to core language and
primary motor regions, many patients with limb apraxia have
a concomitant acquired language disorder (i.e., aphasia) and/
or right-sided sensorimotor deficit (i.e., contralateral
hemiparesis and hemisensory loss) secondary to unilateral
left-hemispheric stroke [4, 11, 30, 43, 71••]. Such co-
occurrences can confound the assessment process, as the pres-
ence of apraxia must be independent of potential contributions
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of language or motor impairment. Despite evidence that
apraxia and aphasia are commonly associated, there are re-
ports of patients with limb apraxia without aphasia, suggesting
that these cognitive operations are at least partially dissociable
[41, 59, 72, 86].

While typically resulting from sizable cortical lesions,
white matter damage, such as a small lesion to the left
periventricular white matter [58], can also cause limb apraxia.
These small lesions generally occur at convergence areas
within the praxis network. In addition, “disconnection aprax-
ia” or “callosal apraxia” has been documented in patients with

lesions restricted primarily to the anterior corpus callosum.
These patients show difficulty with pantomiming gestures-
to-command with the left arm and hand, but they have pres-
ervation of these movements when elicited with the right up-
per extremity [32, 36, 51]. Other patients with callosal injury
may selectively make spatial-temporal errors in response to
verbal commands (verbal callosal disconnection apraxia) or
with imitation and actual tool use (callosal ideomotor apraxia)
[15•]. In callosal conceptual apraxia, patients produce content
errors, such as incorrectly selecting tools and the objects as-
sociated with them, with the left hand but not the right [3, 51].

RIGHT              LEFT 

Neural systems implicated in right limb movements depicted in:

(a) lateral view of the left hemisphere

(a) under the left lateral brain image

(b) axial view in the left hemisphere 

(b) under the right axial brain image

The critical cortical and subcortical neuroanatomical areas and the white matter pathways 
involved in limb movements are listed by number.  Brodmann’s areas (BA) are also 
provided for each of these regions

1 = Auditory regions (BA 41, 42, 22) – Temporal cortex

2 = Visual regions (BA 17, 18, 19, 37) – Occipital cortex

3 = Cross-modal associations   (BA 39, 40) – Inferior Parietal Lobule

4 = White matter (WM) connections Inter- & Intra-hemispheric WM, PVWM

5 = Motor-Frontal regions (BA 6, SMA, 9, 46) – Premotor/Motor planning

6 = Primary motor cortex (BA 4) – Motor homunculus/Hand-Arm area

When   the  regions   necessary  for  praxis  are  lateralized  to  the   left   cerebral
hemisphere, the information must  pass from posterior  left  hemispheric  regions
[labeled 1, 2 3 in the figures above] via white matter pathways (4A) to left frontal 
regions (5L). Information  from  left  frontal  regions (5L) must pass from the left 
hemisphere via the anterior corpus callosum (4B) to the  right  hemisphere motor
regions  (5R)  to  produce  the  movements  with  the  left  hand.  Frontal   regions
(BA 9, 46) are also implicated in this action schema.

Fig. 1 Cognitive-motor apraxia types. Type 1: impaired gesture-to-
command, gesture imitation preserved: impairments to command reflect
a disruption in the motor planning network and may be associated with an
inability to access the motor plans from memory. Deficits can exist in the
lexical and/or non-lexical route. Lesions may be small in size and
disconnect posterior from anterior regions within left frontal-parietal
circuits. Lexical and non-lexical routes may be impaired in lesions that
extend to callosal fibers that disconnect the right hemisphere. Type 2:
impaired gesture-to-command and gesture imitation: impairments of
gesture imitation may reflect an inability to implement, execute, or
control learned skilled movements. Deficits on gesture imitation may be
associated with degraded non-representational movements, as the patient
may have a more basic disorder of motor programming. Deficits can exist

in the lexical and/or non-lexical route. Type 3: impaired gesture-to-
command, impaired gesture recognition-discrimination: lesions are
more likely to be large middle cerebral artery (MCA) territory and
posterior in location including the inferior parietal lobe (Brodmann’s
area—BA 39, 40) with extension to periventricular white matter
(PVWM) and/or to ventral temporal regions. There may be
dissociations with lexical and non-lexical deficits seen with lesions to
both of these regions whereas lesions restricted to BA 39/40 may affect
the lexical but spare the non-lexical route. Type 4: impaired gesture-to-
command, intact gesture recognition-discrimination: lesions will be more
likely to involve anterior frontal sites within the MCA territory
(perirolandic)

Curr Neurol Neurosci Rep (2019) 19: 82 Page 3 of 13 82



Dissociations Within Apraxia

One study attempted to localize conceptual apraxia as a disor-
der within two domains: associative tool knowledge and me-
chanical tool knowledge [52]. The former group may make
content errors when gesturing a tool action (e.g., pounding
with hammer) or show deficits in other forms of tool knowl-
edge like tool-object association (e.g., hammer-nail), while the
latter may no longer understand the mechanical advantage of
tool use (i.e., impaired problem-solving in fashioning an ap-
propriate tool for a desired function). This study included four
groups: unilateral left-hemispheric stroke patients with or
without apraxia, a right-hemispheric stroke patient control
group, and a matched group of healthy controls. Results
showed that the left-hemispheric group with apraxia was most
impaired on tests of both associative and mechanical concep-
tual apraxia. These data provide support for the view that
conceptual apraxia is more distributed within the left hemi-
sphere relative to the right, although lesion analysis did not
localize to any specific region.

In another study, conceptual apraxia was found in the early
phase of Alzheimer’s disease and, therefore, was considered
as a potential early clinical marker of this neurodegenerative
disorder [70]. In order to evaluate the praxis conceptual net-
work in matched controls compared to patients with
Alzheimer’s disease, the patients were divided into four
groups based on the absence/presence of ideomotor limb
apraxia and a lexical-semantic deficit. Results showed that
each of the four patient groups differed from controls on at
least one measure of conceptual apraxia. In addition, there
were some Alzheimer’s patients with conceptual apraxia and
preserved lexical functions and others with conceptual apraxia
but without ideomotor apraxia, suggesting that both language
and praxis production networks are at least partially indepen-
dent of the praxis conceptual system.

In a recent study of callosal ideomotor apraxia in
Alzheimer’s disease, Cimino-Knight, Gonzalez-Rothi, He,
and Heilman [15•] found that the patient group had ideomotor
and conceptual apraxia of both right and left hands, with the
right-hand deficit greater than the left. The authors concluded
that these results support a hemispheric disconnection in
Alzheimer’s disease. Although limb apraxia is not commonly
evaluated in dementia patients, Soulsby and colleagues [95]
suggest that ideomotor apraxia could be used as a staging tool
for Alzheimer’s disease.

The Heilman-Rothi praxis model can be used to understand
these concepts and to reconcile conceptual and motor prepa-
ratory aspects of praxis with perceptual and kinematic features
in order to ground abstract concepts such as action and object
imagery [28••, 51, 68]. Clark and colleagues [16] had stroke
patients with apraxia produce the “slicing” action required to
cut a loaf of bread to study the kinematics of limbmovements.
Contextual cues were introduced in a graded fashion to

measure effects on spatiotemporal features of the elicited
movements. The task was performed with the ipsilesional
limb and resulted in impaired spatiotemporal coordination
across all cueing conditions, although there was improvement
in movement amplitude and speed when an actual loaf of
bread was provided as a cue. These results are partially con-
sistent with Haaland and colleagues, who found amplitude
and movement trajectory impairments in movements per-
formedwith the ipsilesional limb [42, 44, 50, 66•]. In addition,
a recent study found a breakdown in visuomotor integration in
apraxia, yet not for multisensory integration, providing some
evidence for a motor prediction defect in limb apraxia [67•].
These results support the hypothesis that divided visual
streams subserve different functions: The disrupted dorsal
(occipito-parietal) pathway that should compute action repre-
sentations of objects (determining “how”) to guide movement
operates independently of the ventral (occipitotemporal) path-
way’s support for object recognition and general semantic
processing (determining “what”) [35].

The Role of Affordances

There have been recent efforts to explain apraxia within the
context of affordances [25••, 73•]. Affordances are defined as
the meaningful relationship between features of an observed
object and the observer’s action network. Thus, affordance
integrates cognitive, perceptual, and motor control functions
so that these are unified, with consideration of the environ-
ment and relevant objects, when identifying and selecting po-
tential motor action plans.

The contributions of affordance mechanisms have been
used to explain the movement deficits in limb apraxia. One
interesting notion is the separation of stable affordances within
the ventro-dorsal stream from variable affordances within the
dorso-dorsal stream. These representations are not completely
dichotomous. There is some evidence that offline linguistic
tasks recruit stable rather than variable affordances [10],
whereas tool-object knowledge may be dependent on both
[78]. Deficits in limb apraxia may derive from the inability
to utilize the flexible features of affordances.

In another study, left-hemispheric stroke patients with
apraxia were found to be unable to use knowledge-based
(memory-association condition) or higher-order (visual-
spatial cue condition) information to learn a grasping task
[25••]. This finding was interpreted as evidence for a disrup-
tion in integrating the visible and known object properties
associated with ventral stream function with the dorsal
stream’s role in visual affordances. Evans and colleagues
[26•] also used transcranial direct current stimulation (tDCS)
to inhibit activity of the left inferior parietal lobe in healthy
individuals to approximate the function of patients with aprax-
ia, which impaired perceptual decisions about object manipu-
lation. Based on these results, Evans and colleagues postulate
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that disruption to “ventro-dorsal” processes can predict the
difficulty that some apraxic patients have in learning to ma-
nipulate novel objects.

In a study of lesion localization in left-hemispheric stroke
patients with apraxia, one unexpected site of lesion location
included the left ventral temporal cortex with extension into
the temporoparietal junction. This subgroup of patients had a
more severe type of limb apraxia. Unfortunately, conceptual
apraxia was not evaluated. Nevertheless, the authors postulat-
ed that patients with this lesion profile, who had severely
degraded gesture production, might have lost the ability of
the motor programs to access the stored visual representations
of the movements [28••].

Right Hemisphere Contributions

There is conflicting evidence regarding the contributions of
the right hemisphere in mediating movement sequences, es-
pecially intransitive (meaningful non-tool) movements [30,
47, 79]. Some have suggested that the left hemisphere is dom-
inant for preparing and programming of movements [45], and
for learning to select the limb movement associated with the
action of a specific object [87]. It may be that the right hemi-
sphere contributes to some of the perceptual and conceptual
aspects of the motor programs required to produce meaningful
gestures, whereas the visuokinesthetic engrams or representa-
tions of learned skilled movement (i.e., conceptual motor
plans) and the computations that activate the motor programs
(i.e., concrete motor plans) depend primarily on the left cere-
bral hemisphere.

Subcortical Contributions

Subcortical networks have also been examined within the
context of learned skilled movements [1, 62, 77]. In one study,
unilateral left-hemispheric cortical stroke patients were com-
pared to a subcortical group [48]. The cortical patients pre-
sented with deficits in the production of transitive (tool) and
intransitive (non-tool) gestures-to-command and to imitation.
They also had impaired gesture discrimination. In contrast, the
subcortical group had intact gesture imitation and discrimina-
tion with mild production/executive deficits for transitive
(tool) gestures. Qualitative analysis showed additional error
types, including postural errors, which were distinct to the
subcortical group and not observed in the cortical group.
Although this study was limited to a small sample, the results
do suggest that cortical and subcortical structures have differ-
ent roles in praxis.

Assessment of Limb Apraxia

There are many tests of limb apraxia. In general, limb apraxia
is classified by the nature of the errors made by the patient and

the means by which these errors are elicited (see Table 1 for
error types). In the clinical setting, limb apraxia is most com-
monly examined by having a patient pantomime-to-command
a series of gestures (see Table 2 for examples of gestures). In
general, patients are most impaired in their performance on a
gestures-to-command task, improve with gesture imitation,
and may show no difficulty when manipulating and using
the actual tool. Because of the finding that many patients with
apraxia can actually accurately use tools, some experts have
advocated that limb apraxia does not have any ecological im-
plication or real-world effect. Despite this past controversy,
there have been multiple empiric studies that have shown
the real-world effects of limb apraxia. For example, many
patients with limb apraxia have difficulty eating a meal [31]
or performing common activities of daily living (ADLs) such
as brushing teeth, toileting, or bathing [49, 90]. As a result,
limb apraxia can increase caregiver burden [96], and stroke
patients with limb apraxia are less likely to return to work
compared to patients without apraxia [88]. Limb apraxia can
also have a negative impact on the quality of communicative
gestures and, therefore, can confound a patient’s language
disorder [11, 22, 32].

The best way to evaluate limb apraxia would include a
comprehensive neurological examination and the elicitation
of specific limb movements that reflect different components
of the dual praxis model [28••, 84]. Tests of the praxis produc-
tion system include (1) gestures-to-command, (2) gestures-to-
imitation, and (3) recognition-discrimination of gestures. In
addition to the means by which gestures are elicited, the exam
should include representational (meaningful) and non-
representational (meaningless) movements. Meaningful
movements should be further sub-divided into transitive (tool
actions) and intransitive (non-tool) limb movements, and non-
meaningful movements should include single static hand pos-
tures and sequential limb movements [4, 27••, 28••, 84]. The
Florida Apraxia Battery (FAB) is one example of a compre-
hensive test of the praxis production system that is relevant for
research into neural mechanism based on cognitive models,
but it is time-consuming and difficult to integrate into the
clinical setting [76, 83–85]. One other assessment tool, the
Naturalistic Action Test, describes in detail how to administer
and score single test items included in subtests of limb apraxia
[89]. This clinical tool, which also targets the praxis produc-
tion system, was administered to healthy controls, and patients
with left-hemispheric stroke, right-hemispheric stroke, and
TBI. Unfortunately, cut-off scores were not provided, but test
scores can be related to these different patient groups.

Additional tasks that evaluate the conceptual knowledge of
action semantics should be included for a complete evaluation
of the components of the praxis network. Specific movement
errors, such as a content error, may be diagnostic of concep-
tual apraxia (see Table 2). A patient with conceptual apraxia
may not be able to correctly select or match the correct action
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associated with the use of a specific tool. This tool-object
action knowledge could be demonstrated by content errors,
such as a patient performing an action of stirring a cup of
coffee when asked to pantomime drinking from a glass [82,
84]. Alternately, conceptual apraxia could be demonstrated
when a patient is unable to match a tool to the associated
object (tool-object association knowledge). This deficit can
be examined by giving a patient a block of wood with a par-
tially driven nail with instructions to point to the correct tool
used to complete that task from an array of related/unrelated
objects. The Florida Action Recall Test (FLART) is a brief
screening test of conceptual apraxia, which was developed
and validated in a group of patients with Alzheimer’s disease
compared to age and education-matched controls [91]. In this

test, the subject is shown 45 different line drawings of actions
or scenes. The subject is instructed to imagine the proper tool
to apply to each pictured object or scene, and then to panto-
mime the target gesture. Results showed that the FLART
seemed to be a sensitive measure of conceptual apraxia in
early Alzheimer’s disease. This test is brief and easy to admin-
ister, although one limitation is the small sample size onwhich
it was validated.

The type of comprehensive assessment, discussed above, is
time-consuming and is usually not feasible or practical in the
clinical setting. Assessment methods used clinically or report-
ed in the literature vary widely; differences in task demands
may have an impact on the interpretation of the nature of the
deficits. Some empiric studies have examined gesture-to-

Table 1 Limb apraxia: error
types and operational definitions Spatial errors

Amplitude error Any amplification, reduction, or irregularity of the characteristic amplitude of a
target pantomime.

Body-part-as-tool The subject uses a finger-hand-arm as the imagined tool. For example, when
asked to hammer a nail into the wall, he makes a fist and uses it as a hammer.

External configuration
orientation error

When pantomiming, the fingers-hand-arm and the imagined tool must be in a
specific relationship to the “object” receiving the action. Errors include
difficulties orienting to the object or in placing the object in space. For
example, pantomime-brushing teeth by holding the hand next to his mouth
without reflecting the distance needed to accommodate a toothbrush.

Internal configuration error When pantomiming, the fingers-hand must be in a specific spatial relation to
accommodate the imagined tool. This error reflects any abnormality of the
required finger-hand posture and its relationship to the target tool. For
example, when asked to brush teeth, a tightly fisted hand would not have
space for the toothbrush handle.

Movement error When using a tool, a movement characteristic of the corresponding action and
necessary to achieve the goal is required. A movement error is any
disturbance of the characteristic movement. For example, when pantomiming
a screwdriver, instead of stabilizing the shoulder-wrist and twisting at the
elbow, the subject stabilizes the elbow and twists at the shoulder.

Temporal errors

Occurrence error For a response that includes single (i.e., unlocking a door with a key) or
repetitive (i.e., hammering a nail into the wall) movement cycles, this error
reflects anymultiplication of single cycles or reduction of a repetitive cycle to
a single event.

Sequencing error Some pantomimes require multiple positioning of joints performed in a
characteristic sequence. Errors involve any perturbation of a sequence
including addition, deletion, or transposition of movements with the overall
movement structure recognizable.

Timing error Alterations from the typical timing or speed of a pantomime and may include an
abnormally increased, decreased, or irregular rate of production.

Content errors

Related content error Accurately produced non-target pantomime associated in content to the target.
For example, the subject might pantomime playing a trombone for a target
gesture of pantomiming playing a saxophone.

Non-related content error Accurately produced pantomime not associated in content to the target. For
example, the subject might pantomime playing a trombone for the target of
shaving.

Perseveration error A response that includes all or part of a previously produced pantomime.
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command without gesture imitation, or vice versa. Gesture-
recognition and gesture-discrimination tasks are not included
in many studies of apraxia. In addition, some widely used
praxis tests include a combination of limb, buccofacial, and
axial movements [54, 57], making it difficult to evaluate limb
praxis in isolation. There are several recent brief standardized
apraxia clinical screening tests that can be used to evaluate
limb apraxia, including the Cologne apraxia screening
(KAS-R) [101••], the Test Battery for the Assessment of
Upper Limb Apraxia (TULIA) [98], and the Apraxia Screen
of TULIA (AST) [97]. Each one of these clinical tools has
strengths and weaknesses. A comprehensive review of many

apraxia-screening tests is provided in an excellent recent re-
view of the scientific literature, which is highly recommended
to the reader [24••]. The CAS and the TULIA do not include a
test of actual tool use and can be supplementedwith the Actual
Tool Use Subtest, which includes seven tool tasks [20]. Each
test can be administered in 10–15 min.

A critically important consideration in praxis testing relates
to the limb evaluated. Patients with a hemiparesis or other
disorder of elemental motor control, sensory loss, or move-
ment are difficult to evaluate, as are patients with a severe
auditory comprehension problem. Given the localization of
limb apraxia, many left-hemispheric stroke patients have
right-sided weakness and language problems (i.e., aphasia).
In order to control for these factors, the left limb is usually
examined, and patients with a profound auditory comprehen-
sion problem cannot be tested. In unilateral stroke patients, it
is critical that the unaffected ipsilesional limb is used when
assessing upper limb movements in the evaluation of limb
apraxia. In contrast, either limb can be tested in patients with
early Alzheimer’s disease, as sensorimotor systems are typi-
cally spared in this neurodegenerative disorder. In other neu-
rodegenerative disease, like corticobasal degeneration or
Parkinson’s disease, the upper limb with more preserved func-
tions should be assessed. Similar concerns are warranted when
evaluating a TBI patient for limb apraxia.

Scoring methods are not standardized. In many clinical
tests of apraxia, individual gestures are scored as apraxic or
normal; others may use a score of 0 (perfect) to 3 (completely
degraded) to characterize the degree of movement anomalies
in each gesture assessed. Although this determination is based
on an analysis of movement errors, an error analysis is often
not included. There are a number of systems that have been
developed to examine the nature of errors in limb apraxia. It is
important to identify error types that are characteristic of limb
apraxia. One common error type is called a body-part-as-tool
(BPT; also known as body-part-as-object) gesture (see
Table 1). In one example of this error type, the patient will
make their hand into a fist and pound the fist into an imaginary
wall, when pantomiming how to use a hammer. In another
example of a BPT error, when a patient is instructed to panto-
mime how to cut with scissors, the patient might make a cut-
ting movement using the pointer and middle fingers (using the
fingers as the tool) to show this intransitive non-tool gesture-
to-command. Historically, Goodglass and Kaplan [41] were
the first to describe body part as object (tool) errors. They
found that when pantomiming to command, left-
hemispheric stroke patients commonly produced BPT and
suggested that this error type may be pathognomonic of
limb apraxia [80]. Rothi and colleagues [82] developed a
qualitative approach to analyze errors in limb apraxia
based on American sign language and broadly classified
errors into categories including content errors, temporal
errors, and spatial errors (see Table 1).

Table 2 Examples of stimuli used in apraxia assessment

Transitive limb movements—gestures that require a tool or implement

• Show me how you would use a toothbrush to clean your teeth?

• Show me how you would use a comb to fix your hair?

• Show me how you would use a hammer to pound a nail into the wall?

• Show me how you would use a saw to cut a piece of wood?

• Show me how you would use a glass to drink some water?

• Showme how youwould use a spoon to stir a cup of coffee on the table?

Intransitive limb movements—gestures that do not require a tool or
implement

• Show me stop?

• Show me come here?

• Show me how you would wave good-bye?

• Show me be quiet?

Buccofacial gestures—gestures that assess Buccofacial or oral apraxia

• Show me how you would cough?

• Show me how you would blow out candles on a cake?

Gesture action sequences of complex movements—ideational or
conceptual apraxia

• Make toast (bread, toaster, plate, butter, jelly, knife)

1. Get a slice of bread

2. Put the piece of bread in the toaster

3. Press the toaster on (push the lever)

4. Wait for the bread to toast

5. Put the toast on the plate

6. Put butter on the bread

7. Put jelly on the bread

• Write and post a letter (paper, pen, envelope, stamp)

1. Write the letter

2. Sign the letter

3. Fold the piece of paper

4. Put the paper in the envelope

5. Seal the envelope

6. Write the address on the envelope

7. Lick the stamp

8. Put the stamp on the envelope
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In summary, a clear understanding of the nature of move-
ments required to perform specific action sequences, and a
careful analysis of the errors made by an individual patient,
can assist the clinician in the determination of whether limb
apraxia (ideomotor and/or conceptual) exists. Furthermore, a
comprehensive understanding of limb movements including
static postures and non-representational movement sequences
can help to evaluate behavioral dissociations that may assist in
the development of treatment protocols to facilitate functional
independence. In a broader context, the clinician should eval-
uate language function, attention, visuospatial processing, and
memory, as these neural systems may be intact (or impaired)
in individuals with apraxia. Although apraxia is a common
cognitive disorder, it is likely that limb apraxia is
underdiagnosed, as there is no widely used standardized test
for limb apraxia. In addition, because limb apraxia must ex-
clude sensorimotor deficits, movement disorders, or the in-
ability to understand the task, many patients at risk for limb
apraxia cannot be adequately evaluated and treated. Many
patients with limb apraxia seem to be unaware of their deficits
(anosognosia for limb apraxia).

Treatment of Limb Apraxia

In the past decade, some novel approaches have been devel-
oped to treat patients with limb apraxia. The evidence is lim-
ited but encouraging because several studies have found that
rehabilitation of limb apraxia improves daily living in patients
with stroke [92, 93], and in corticobasal degeneration [56].
Specific interventions have included behavioral training pro-
grams consisting of gesture-production exercises [93], isolat-
ed finger movements [56], treating ipsilesional motor dexter-
ity [94], and transcranial stimulation [8•, 9•, 75]. In contrast to
these encouraging results, several case reports or small case
series have found that direct treatment of limb apraxia may not
generalize [39, 40, 64].

Although completely restoring normal function in the nat-
ural environment for patients with limb apraxia due to stroke
or neurodegenerative disease is unlikely, treatment of limb
apraxia is still extremely important and best managed within
the context of multidisciplinary rehabilitation. As the world
population ages, more people will be diagnosed with stroke
and neurodegenerative syndromes. These individuals are at
risk for limb apraxia, which is expected to increase in preva-
lence in the next 10 to 20 years. The negative impact of limb
apraxia on daily activities is likely to increase patients’ need
for home services or a supervised setting. Thus, clinical prac-
titioners with aged patients should be familiar with basic man-
agement and treatment options.

Compensatory management of these individuals should in-
clude removing tools that could be dangerously misused (e.g.,
guns, power tools), replacing tool tasks with tasks performed
without tools when possible (e.g., finger foods instead of

utensils at meals), and educating and instructing caregivers
and family members (e.g., teaching them to limit tool access,
provide cues, and have patients perform familiar overlearned
tasks). In contrast, treatment of limb apraxia attempts to im-
prove the deficit itself rather than simply adapting others or the
environment. Maher and Ochipa [96] and van Heughten [99]
reviewed the literature on treatment of apraxia, and both con-
cluded that direct treatment of abnormal gestures could im-
prove performance.

Two recent articles, which are highly recommended to the
reader, review current models and recent treatment studies of
limb apraxia [12, 24••]. Dovern and colleagues [24••] sur-
veyed the literature from January 1965 through April 2011
and found three studies that used a randomized controlled
trials (RCTs) approach to treat limb apraxia [23, 92, 93]. In
left-hemispheric stroke patients, Smania and colleagues [93]
compared gesture training in seven subjects (experimental
group) to conventional therapy for aphasia in six (control
group). Each group had 35 training sessions of 50 min dura-
tion. This proof-of-concept study was followed by a second,
larger RCT study in 45 left-hemispheric apraxic stroke pa-
tients. The experimental task included three different degrees
of difficulty, starting with the easiest, and trained three differ-
ent types of gestures (transitive gestures, intransitive meaning-
ful gestures, intransitive meaningless gestures). A phased ap-
proach was used to improve gesture production and gesture
imitation across tasks, followed by a period of reducing these
cues to facilitate independence. Therapeutic effectiveness was
evaluated by a test of real object use, a test of gesture imitation
for meaningful and meaningless intransitive gestures, and a
gesture-recognition test. The experimental group improved on
all measures compared to the control group and showed im-
proved ADLs. A subgroup of 17 patients in the experimental
group was followed up after 2 months; a positive effect on
ADLs and on apraxia testing was reported. The third RCT
study used an approach called strategy training, previously
developed by van Heugten [99], to teach patients strategies
to help compensate for apraxic deficits in daily life [23]. The
control group received standard occupational therapy (OT),
whereas the experimental group received OT plus strategy
training over 8 weeks. The experimental group showed im-
provement of ADLs compared to the control group at the end
of the treatment phase, although these differences did not per-
sist when the study patients were re-assessed at 5 months.

Conclusions

Limb apraxia is defined as a disorder of learned skilled move-
ment affecting the upper extremities that is characterized by
deficits in the performance of meaningful-representational
learned skilled movements. By definition, the disorder cannot
be accounted for by primary motor or sensory dysfunction,
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lack of comprehension, or inattention. Patients with limb
apraxia have deficits in the control or programming of the
spatial-temporal organization and sequencing of goal-
directed movements and can have difficulty manipulating
and using tools including cutting with a scissors or making a
cup of coffee. Afflicted patients are often impaired in their
ability to successfully perform some activities of daily living,
such as eating a meal or attending to personal hygiene.

Two praxis systems have been identified including a pro-
duction system (action plan and production) and a conceptual
system (action knowledge). Dysfunction of the former pro-
duces ideomotor apraxia (e.g., difficulty using scissors), and
dysfunction of the latter induces conceptual or ideational
apraxia (e.g., difficulty making a cup of coffee). Current an-
atomic models of l imb apraxia propose that the
“visuokinesthetic engrams,” or representations of learned
skilled movement, depend on the left inferior parietal lobe,
and the computations that guide goal-directed movements
are localized within frontal cortical regions.

It is important to evaluate patients for this debilitating dis-
order. Unfortunately, very few treatments have been system-
atically studied in large numbers of patients with limb apraxia.
Clinicians, scientists, and educators must continue to work
together to develop validated assessment tools and treatment
programs for patients with limb apraxia and related cognitive
disorders and motor deficits. This overview of limb apraxia is
intended to help clinicians identify and educate patients and
caregivers about this debilitating problem and to facilitate the
development of better treatments that could benefit many peo-
ple in the future.
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