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Abstract Upper limb apraxia, a disorder of higher motor

cognition, is a common consequence of left-hemispheric

stroke. Contrary to common assumption, apraxic deficits

not only manifest themselves during clinical testing but

also have delirious effects on the patients’ everyday life

and rehabilitation. Thus, a reliable diagnosis and efficient

treatment of upper limb apraxia is important to improve the

patients’ prognosis after stroke. Nevertheless, to date,

upper limb apraxia is still an underdiagnosed and ill-treated

entity. Based on a systematic literature search, this review

summarizes the current tools of diagnosis and treatment

strategies for upper limb apraxia. It furthermore provides

clinicians with graded recommendations. In particular, a

short screening test for apraxia, and a more comprehensive

diagnostic apraxia test for clinical use are recommended.

Although currently only a few randomized controlled

studies investigate the efficacy of different apraxia treat-

ments, the gesture training suggested by Smania and col-

leagues can be recommended for the therapy of apraxia, the

effects of which were shown to extend to activities of daily

living and to persist for at least 2 months after completion

of the training. This review aims at directing the reader’s

attention to the ecological relevance of apraxia. Moreover,

it provides clinicians with appropriate tools for the reliable

diagnosis and effective treatment of apraxia. Nevertheless,

this review also highlights the need for further research into

how to improve diagnosis of apraxia based on neuropsy-

chological models and to develop new therapeutic

strategies.

Keywords Stroke � Motor cognition � Neuropsychology �
Neurorehabilitation

Introduction

One of the major causes for persistent handicaps and early

unemployment in the Western civilization is stroke: about

half of the patients surviving a stroke do not fully recover

from their stroke but rather suffer from persistent stroke-

related sequela [7]. Besides primary sensory-motor deficits

(e.g., paresis, deafferentation), a stroke is often accompa-

nied by persistent cognitive deficits: one common cognitive

deficit after left hemispheric stroke is apraxia [74], a dis-

order of higher motor cognition. Apraxic impairments are

classified as higher motor deficits since they cannot be fully

accounted for by primary sensory and motor deficits, dis-

turbed communication or lack of motivation. The current

article focuses on upper limb apraxia, i.e., deficits when

carrying out purposeful movements with the arms and/or

hands. Frequently observed clinical symptoms of upper

limb apraxia are impairments in imitating abstract and

symbolic gestures, deficits in pantomiming the use of

objects and tools, as well as deficits in actual object use, in

particular when complex sequential actions including

multiple objects are required. Note that we purposely

refrain from using terms like ideo-motor apraxia or idea-

tional apraxia, as the different apraxia classifications are

currently under debate [31, 32]. Instead we describe the

various clinical motor deficits of the patients (impaired

gesture imitation, pantomiming, and object use), so that the
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reader can classify the apraxic patients to her/his favored

classification scheme.

Contrary to a widely held notion, apraxic deficits not

only manifest themselves during clinical testing but also

have delirious effects on the patients’ everyday lives and

rehabilitation. As some of the neuropsychological tests

used for the diagnosis of apraxia (e.g., pantomiming the use

of objects and tools) seem to have no direct bearing on the

actual affordances of daily life, apraxia is often considered

to have little impact on the patients’ everyday lives.

However, McDonald et al. [48] reported that apraxic

patients make similar errors when actually using objects as

compared to pantomiming the use of these objects to verbal

command. We are aware that exclusion of body-part-

as-object (BPO) errors constitutes a limitation of this study

and that other studies showed that the kinematics of pan-

tomimed and actual object-related actions may differ

considerably (e.g., [41]). However, we would like to stress

the fact that apraxic patients (‘diagnosed’ by their errors in

pantomime tasks) also make errors when actually using

objects and hence deficits in pantomime performance

should not be considered irrelevant for activities of daily

living. Moreover, gesture deficits are also of practical

significance for the apraxic patient: gesture deficits com-

promise the patient’s communication, as they can no longer

be used to compensate for the often concomitant aphasic

deficits. For example, apraxia has a negative impact on the

quality of communicative gestures [25] and patients

affected by apraxia rarely use spontaneous communicative

gestures in the natural setting [8]. Furthermore, several

studies directly demonstrated the ecological relevance of

apraxia by showing that clinical measures of apraxia cor-

related significantly with the patients’ ability to perform

several activities of daily living (ADLs), including meal-

time behavior [26], bathing, toileting, and grooming [40],

as well as dressing and brushing one’s teeth [35]. Consis-

tently, apraxia significantly impacts upon neurorehabilita-

tion: with respect to several ADLs, the severity of apraxia

determined the dependency of stroke patients on their

caregivers after discharge from the rehabilitation clinic [6,

29, 63]. Likewise, stroke patients suffering from apraxia

less frequently return to work than stroke patients without

apraxia [59]. It is important to note that nearly all studies

dealing with the ecological relevance of apraxia used

apraxia measures including both meaningful and mean-

ingless items, i.e., measures that assess apraxic impair-

ments of the semantic as well as the structural processing

route (see below). Although these studies do not provide

any insight into which apraxic deficits (and hence which

apraxia tests) predict performance of which specific aspects

of everyday life, they clearly demonstrate that apraxia has a

more pronounced clinical relevance than is commonly

assumed. Thus, the diagnosis of and effective treatment

strategies for apraxia are of great clinical importance. With

respect to the latter issue, only a few studies with an ade-

quate study design and a sufficiently large patient sample

have been published. Nevertheless, these studies indicate

that a successful treatment of upper limb apraxia is feasi-

ble. Existing treatment options for apraxia in turn trigger

the clinical need to correctly identify patients suffering

from apraxia, so that the patients can undergo adequate

neurorehabilitation programs accounting for apraxia. Thus,

reliable and valid clinical tests for the diagnosis of apraxia

are required. To date, apraxia is underdiagnosed and the

diagnosis of apraxia is often based on the qualitative (not

quantitative) judgment of apraxia experts. However, such

an approach cannot provide us with quantifiable data (e.g.,

test scores and cut-offs), which are especially essential

when clinicians and researchers plan to undertake clinical

studies in apraxia. Moreover, quantitative assessments with

good psychometric properties taking into account the dif-

ferent apraxic symptoms would also allow to resolve the

question of which specific apraxic deficits would predict

performance of which specific aspects of everyday life.

Although numerous neuropsychological tests for the diag-

nosis of apraxia have been published, only a few of these

assessments can be considered appropriate for clinical use.

For many of these, no psychometric characteristics are

available [2, 16, 17, 30, 39, 43, 45, 49]. Furthermore, many

assessments do not account for the different aspects of

apraxia, but focus on only a single apraxic deficit, e.g.,

disturbed imitation or impaired object use [16, 19, 24, 30,

52, 53, 57]. Finally, some test batteries are very time-

consuming, which seriously limits their applicability in

every-day clinical routines [1, 4, 24, 46, 50, 60]. These

important limitations are likely to contribute to the fact that

none of these to-date published assessments have become

widely accepted as a standard tool for the assessment of

upper limb apraxia. The heterogeneity of tools and their

limitations also probably account for the variable preva-

lence rates of apraxia that have been reported in patients

with left-hemisphere stroke: ranging from 28 [20] to 54%

[42]. As many of the tests merely examine single aspects of

apraxia, it might occur that a given patient may be con-

sidered apraxic according to a test that only assesses

meaningless gestures, but shows no signs of apraxia in

another test that assesses the ability to perform meaningful

gestures [34].

With this review we would like to raise the interest of

both clinicians and neuroscientists for the syndrome of

upper limb apraxia and its clinical relevance. The aim of

the current review is to provide an overview on the pub-

lished tests developed for the diagnosis of limb apraxia.

This shall help the reader to select a diagnostic tool

appropriate for his/her own needs (e.g., short screening,

clinical diagnosis, scientific study). In the second part of
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the review, different approaches for the treatment of upper

limb apraxia will be presented and critically evaluated.

Here, the focus is on therapeutic interventions that have

been examined in randomized controlled trials (RCTs) and

thus can be recommended based on strong evidence-based

criteria. Note that we do not restrict our review to these

evidence-based therapies for apraxia, but also describe

further published therapeutic approaches [10], as these

might have implications for the development of new ther-

apeutic strategies for upper limb apraxia [72].

Assessment of upper limb apraxia

During the last four decades, more than 20 assessments for

upper limb apraxia have been published. While some of the

assessments were developed as a diagnostic tool within the

clinical setting, other assessments were primarily devel-

oped for scientific purposes. One reason for the high

number of different assessments is that apraxia is a very

heterogeneous syndrome and many assessments capture

merely single aspects of apraxia (e.g., either imitation of

gestures or object use) that can be affected differentially [3,

34, 52, 55, 58]. This especially applies to assessments

primarily developed for research purposes, which are often

focused on the specific apraxic impairment under investi-

gation. In contrast, apraxia assessments used for the daily

clinical routine need to provide a high diagnostic sensi-

tivity, which can usually only be achieved when many

apraxic symptoms are concurrently assessed. Taking into

account that apraxia is often accompanied by aphasia [17,

44], tests for clinical application should focus on test items

that use objects or gestures rather than language as the

trigger for actions because in patients with comorbid

aphasia it is difficult to differentiate whether the motor

deficits observed after verbal instructions are primarily due

to the apraxic or aphasic (e.g., reduced language compre-

hension) impairment. Moreover, a tool used in a clinical

environment to test for upper limb apraxia often necessi-

tates a quick and easy application, and should hence

require as few test items as possible. Finally, it is important

that the psychometric properties of clinical apraxia tests are

available with reliable cut-off values.

Accordingly, we performed a literature search to iden-

tify all tests developed for diagnosing upper limb apraxia

that have been published so far. The literature search tar-

geted the period from January 1965 until April 2011. The

following keywords were entered into the medical search

engine Medline (PubMed): ‘‘apraxia’’ AND ‘‘assessment’’

OR ‘‘test’’. In addition, the reference list of all relevant

articles was reviewed for further references. Table 1

summarizes all apraxia assessments identified by means of

the search. In particular, Table 1 provides information on

the stimulus types used to trigger the actions and the

involved processing routes (semantic, structural; see

below). Table 1 also indicates whether cut-off values for an

apraxic impairment are provided, and whether psycho-

metric test properties have been assessed. Furthermore,

details on the test duration, the required test material as

well as on the population in which the test was initially

validated are provided. Finally, it is indicated whether an

item analysis or rather an item reduction was carried out,

and whether, in addition to gestures of the upper limbs,

bucco-facial gestures were also included in the test.

As a detailed description and evaluation of all published

assessments would go beyond the scope of this article, we

defined a priori criteria to select assessments for a more

detailed appraisal: As described above, apraxic impair-

ments affecting meaningless gestures as well as apraxic

deficits related to meaningful gestures have both a negative

impact on independently performing ADLs and on the

outcome of (stroke) rehabilitation. According to previously

described models of apraxia1 [14, 23, 55], these deficits

represent impairments of the structural (for meaningless

gestures) and the semantic (for meaningful gestures) pro-

cessing route. Meaningful gestures that are recognized after

initial processing are processed along the semantic route,

which means that information about the gesture is retrieved

from the so-called action semantic system, which enables

the activation of all required movement elements as a

whole, while processing along the structural route allows

for activation of single movement elements only. This

notion has—in part—been proposed by previous apraxia

models [14, 55]. The structural route is based on visuo-

motor conversion mechanisms directly transferring the

visual analyses into motor programs without assessing

semantic information. Thus, disturbed processing in both

the structural and the semantic processing routes affect

ADL performance and neurorehabilitation in apraxic

patients. Therefore, we considered it relevant that a clinical

test assesses impairments of both the structural and the

semantic processing route as otherwise patients with defi-

cits leading to impairments of motor functions relevant for

daily living might be overlooked. Moreover, for a diag-

nostic tool, we consider it indispensable that clear cut-off

values are provided according to which the patient’s test

performance can be classified as either normal or impaired.

Hence, only apraxia tests that comprise both items tapping

the structural and the semantic route (i.e., including

meaningless and meaningful items) and that also provide

defined cut-off values will be described in more detail.

Based on these criteria, eight assessments were selected

1 Recently, an alternative model (the so-called Computation, Anat-

omy, and Physiology (CAP) Model) describing principles underlying

upper-limb actions has been proposed by Frey and colleagues [27].
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Table 1 Summary of the published assessments developed for diagnosing upper limb apraxia (until April 2011; note that tests are ordered by

publication year)
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Table 1 contiuned

Lines highlighted in dark grey indicate apraxia tests that are described in more detail in the text, as these tests fulfill our predefined selection

criteria (i.e., provide cut-off scores and assess both the structural and the semantic processing route)

Examined patient populations according to the categorization by the authors: LHD left hemisphere damage, RHD right hemisphere damage, HC
healthy controls, TBI traumatic brain injury, AD Alzheimer’s disease, NDD neurodegenerative diseases (e.g. Alzheimer’s disease, Parkinson’s

disease, etc.)
a The apraxia test by De Renzi et al. ([16], marked with light grey) does not comply with the above-described selection criteria, but is

nevertheless discussed within the text because—in contrast to the assessments fulfilling the predefined selection criteria (marked with dark
grey)—this test contains a subtest for the assessment of actual object use
b De Renzi et al. [17] also examined pantomime of object use (on visual presentation of the objects). However, this subtest was not applied to all

patients and controls and was not relevant for the determination of the cut-off scores indicating apraxic impairment
c In the assessments by Schwartz et al. [60] and Goldenberg et al. [38], ‘‘language’’ and ‘‘objects’’ are not separately used to trigger the tested

action, but are used concurrently
d Schwartz et al. [60] describe in detail how to administer and score single subtests, however, a clear cut-off score for an apraxic impairment is

missing. Nevertheless, as the performance of different patient groups (patients with left- or right-hemisphere stroke, patients with traumatic brain

injury), and the performance of a healthy control group is reported, it is possible to relate a given test score to the scores achieved by the different

patient groups and controls
e Please note that the apraxia screening (AST) by Vanbellingen et al. [68, 69] contains only one item to test for deficits of the structural

processing route
f Validity of the AST was only assessed with respect to the TULIA (a more comprehensive apraxia test, based on which the AST was built by

means of item reduction). Analysis of the validity with respect to an external criterion has not been assessed so far
g The assessment contains a subtest for the acquisition of bucco-facial apraxia (including a separate cut-off value)
h The assessment contains one or more bucco-facial items but not a separate cut-off for the diagnosis of bucco-facial apraxia
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(see lines highlighted in dark grey in Table 1). Note that

one of these assessments was not primarily developed

for assessing upper limb apraxia but for diagnosing

Alzheimer’s disease, where upper limb apraxia repre-

sents one of the early symptoms due to atrophy of the

parieto-temporal cortex [19]. Accordingly, in a popula-

tion of healthy elderly people and patients with

Alzheimer’s disease, the cut-off value of this test was

chosen in a way to ensure that patients with Alzheimer’s

disease were identified as reliably as possible (high

sensitivity) and that the healthy elderly people without

cognitive impairments should be reliably classified as

not suffering from Alzheimer’s disease (high specificity).

Importantly, this test was not applied to patients with

(left-hemisphere) stroke.

The remaining seven tests, which examine both the

structural and semantic processing routes and report cut-off

values, were explicitly developed as diagnostic tools for

detecting upper limb apraxia in stroke patients and thus

will be discussed in detail. For clarity, we differentiate

between short screening tests for symptoms of apraxia,

tests for a clinical diagnosis of apraxia, and comprehensive

test batteries, which might be used for scientific purposes,

but which are too time-consuming for every-day clinical

routine.

Short screening tests for upper limb apraxia

Two short apraxia screenings [68, 71] which are accom-

plishable at the bedside fulfilled the selection criteria

described above.

Apraxia screen of TULIA (AST)

The AST (Apraxia screen of TULIA) by Vanbellingen

et al. [68] is based on a more comprehensive test procedure

of the same study group (Test for Upper-Limb Apraxia,

TULIA; see below) and was constructed via an item

reduction of the original test procedure. By means of item

reduction, the test was shortened from originally 48 to 12

items. A high specificity (93%) as well as a high sensitivity

(88%) was achieved with the cut-off-values determined by

the authors. A highly significant correlation between AST

and TULIA scores points towards a good validity of the

screening test; a validation with an external (i.e., an inde-

pendent) assessment is not yet provided, but would be

desirable. Furthermore, the high correlation between the

scores of the 12 AST items and the partial scores when the

same 12 items are tested within the framework of the

TULIA indicates a good test–retest reliability of the AST.

However, it should be critically noted that after item

reduction there was just one item left in the AST tapping

the structural pathway.

Cologne apraxia screening (CAS)

The CAS is an apraxia screening that was developed to

create a sensitive, reliable, and valid screening tool for

clinical purposes [71]. The CAS requires patients to pan-

tomime the use of objects (i.e., transitive gestures) as well

as to imitate abstract and symbolic (intransitive) gestures.

Pantomime of object use is tested by presenting the patient

(black-and-white) photos of objects whose handling the

patient should pantomime. Objects are always displayed in

a way that suggests the usage of the left hand, i.e., the non-

paretic hand for patients with left-hemisphere stroke. Using

photographs reduces the required verbal instructions and

assures a standardized test application. In contrast to many

other assessments, Weiss and colleagues also use photo-

graphs in the imitation tasks thereby removing stimulus

differences that inevitably occur when gestures are dem-

onstrated by different examiners. The CAS assesses

impairments of the structural as well as the semantic

pathway and takes two out of three possible input modal-

ities into account (objects and gestures). Weiss and col-

leagues purposely refrained from using verbal instructions

(language) as an input modality as motor deficits for

verbally instructed test items may result from the often

co-morbid aphasia.

In comparison to many other apraxia assessments, an

important advantage of the CAS is that an item reduction

was performed: based on the performance of a sample of

30 neurological patients and 19 healthy control subjects,

those test items were selected that discriminated best the

performance of the two groups. Due to a subsequent item

reduction, the CAS was then confined to 20 items and can

hence be administered within approximately 10 min. The

inter-rater reliability is high. In addition, the construct

validity, which was assessed using the test for imitating

hand postures and finger configurations by Goldenberg [30]

as external criterion, is also high. Especially the correlation

between the CAS scores and the scores of the hand imi-

tation test, which is known to be sensitive in detecting

apraxic deficits, was very good. Moreover, the CAS has a

high sensitivity and specificity.

Assessments for the clinical diagnosis of upper limb

apraxia

Apraxia test by De Renzi et al. [17]

Thirty years ago, a test for upper limb apraxia assessing

both processing routes and providing cut-off-values was

published by De Renzi et al. [17]. This test is solely

comprised of imitation tasks. The gestures that have to

be imitated are each classifiable according to three

dimensions: (1) the gesture requires either independent
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movements of the fingers or a movement of the whole

hand, (2) the gesture is merely a static posture or a motor

sequence, (3) the gesture is either meaningful or mean-

ingless. The combinations of these three dimensions result

in eight categories, which are represented by three items

per category. Gestures are presented to the patient up to

three times, but fewer points are given when the gesture is

not immediately imitated correctly. As the administration

of the whole test requires approximately 15 min and as no

test material is required, this test can be used at the bedside.

De Renzi and colleagues applied the test to 100 patients

without brain damage, 80 patients with right hemisphere

damage, and 100 patients with left hemisphere damage. A

cut-off value was determined based on the performance of

the patients without brain damage. The main disadvantage

of this test procedure is that no psychometric properties

have been determined. However, information on reliability

and validity as well as information on specificity and

sensitivity is of great importance for tests to be used for

clinical diagnoses.

Test of upper limb apraxia (TULIA)

Recently, Vanbellingen and colleagues [69] developed a

test battery for the assessment of upper limb apraxia

(TULIA) that comprised tasks requiring the production of

abstract as well as symbolic gestures, thereby testing both

the structural and the symbolic route. Moreover, the test

allows for testing both transitive and intransitive symbolic

gestures. All gestures have to be produced after the

examiner demonstrates them in a mirrored fashion (imita-

tion) and after verbal request. Hence, two out of three

possible input modalities (gestures, language) are tested by

the TULIA. All gestures require the use of one hand only

and can be performed by the patient with his non-paretic

hand. In total, this test procedure contains 48 items that can

be accomplished in roughly 20 min. Validation of the

TULIA was carried out in a sample of 133 stroke patients

(84 with left-hemisphere and 49 with right-hemisphere

stroke) and 50 healthy control subjects. Based on this

sample, a cut-off value was determined according to which

apraxia is diagnosed if a patient scores two standard

deviations below the mean of healthy control subjects.

Both inter-rater and retest reliability were calculated. Most

items showed a (very) good (j 0.65–0.99), and only few

items (n = 6) a moderate (j 0.35–0.50) inter-rater reli-

ability. Likewise, the retest reliability (assessed by testing

20 patients three times within 24 h) was very high for

nearly all subtests (Cronbach’s alpha [ 0.83); merely the

subtest for imitation of meaningless gestures had a slightly

lower Cronbach’s alpha (0.67). Vanbellingen and col-

leagues also provide information on the criterion and

construct validity. The criterion validity describes the

relationship between the results of the diagnostic tool and

an empirical criterion. The external criterion chosen by

Vanbellingen and colleagues was the clinical observation

that impairments of gesture production occur more fre-

quently after left-hemisphere than after right-hemisphere

stroke [30, 74]. As the TULIA clearly classified more left

than right hemisphere damaged patients as apraxic (68 vs.

39%) and as in the majority of cases apraxia severity was

more pronounced in patients with left-hemisphere stroke,

good criterion validity of the TULIA was assumed. A good

construct validity of a test is given, if either the test scores

correlate high with the scores of an instrument measuring

the same construct (convergent validity), or correlate low

with scores of a test measuring a different construct (dis-

criminate validity). In order to assess the convergent

validity of the TULIA, a subgroup of the patients (21

patients with left-hemisphere and 12 with right-hemisphere

stroke) was additionally tested with the test for apraxia by

De Renzi and colleagues [17]. A high correlation

(r = 0.82) between the scores of the two test procedures

points to a good convergent validity. In contrast, sensitivity

and specificity were not assessed as the authors argued that

there is no suitable instrument that could be used as an

external criterion. Altogether, the test procedure by Van-

bellingen and colleagues constitutes a reliable and valid

instrument for the assessment of upper limb apraxia.

Apraxia test by De Renzi and colleagues [16]

Although the apraxia tests and screenings introduced above

all fulfill our selection criteria, none of these includes an

assessment of actual object use. However, as the clinical

situation (or the scientific study) may demand a quantita-

tive assessment of actual object use, we here describe a

further test by De Renzi and colleagues [16] that contains a

subtest for assessing how patients actually use objects,

although this test does not fulfill the a priori selection

criteria. In addition to the subtest of actual object use, this

test contains a subtest for the imitation of intransitive

meaningful gestures. For the assessment of actual object

use, patients are consecutively given seven objects (ham-

mer, toothbrush, pair of scissors, revolver, pencil eraser,

lock and its key, and a candle together with a matchbox)

and the patient is asked to actually use each of the seven

objects (see also [22]). For the second subtest, the patient is

required to imitate ten intransitive, meaningful gestures

demonstrated by the examiner (e.g., waving goodbye).

Based on the examination of 40 patients without brain

damage and 205 patients with brain damage (45 with right-

hemisphere lesions, 160 with left-hemisphere lesions) cut-

off values for both subtests were determined. As the

authors determined a separate cut-off value for the object

use subtest, the test may allow the detection of (isolated)
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object use deficits. However, other psychometric properties

were not assessed. Nonetheless, the object use subtest can

be used in addition to one of the better validated diagnostic

apraxia tests described in ‘‘Short screening tests for upper

limb apraxia’’ and ‘‘Assessments for the clinical diagnosis

of upper limb apraxia’’ (e.g., CAS, TULIA) as these tests

do not assess actual object use.

Apraxia tests primarily applicable for scientific

purposes

Apraxia test by Alexander and colleagues [1]

Alexander and colleagues [1] conceived a test for the

assessment of apraxia in a study designed to examine the

relationship of different motor impairments with lesion size

and localization as well as with different forms of aphasia.

The apraxia test developed by Alexander et al. [1] com-

prises four subtests testing different body parts (bucco-

facial, axial, upper limb, and respiratory movements),

which all include both meaningful and meaningless items,

thus assessing deficits of both the semantic as well as the

structural processing route. Based on the test performance

of 23 healthy control subjects, the inter-rater reliability and

cut-off values were determined, but no further psycho-

metric properties (e.g., validity, specificity, and sensitivity)

were reported. The apraxia test by Alexander and col-

leagues is exemplary for many tests for which no complete

psychometric analyses have been conducted [30, 31, 57] as

they were developed for scientific purposes.

Test battery by Bartolo and colleagues [4]

In the following two comprehensive test batteries for the

assessment of upper limb apraxia will be described [4, 50].

Both test batteries are based on a cognitive model of limb

apraxia originally devised by Rothi and colleagues [55, 56]

or a slight modification thereof by Cublli and colleagues

[14]. The aim of the comprehensive test battery by Bartolo

et al. [4] is to assess as many aspects as possible of their

apraxia model. To examine the semantic pathway (here

called lexical route), the following tasks were proposed by

the authors: production of intransitive, meaningful ges-

tures, pantomime of object use, and actual use of single

objects (note that no items for the assessment of complex

object use were included). Furthermore, the semantic

pathway was tested via different input modalities. That is,

intransitive, meaningful gestures were executed either after

verbal command or after visual presentation of pictures on

which different scenes were displayed prompting for a

specific gesture. In addition, intransitive meaningful ges-

tures have to be imitated by the patient after they had been

demonstrated by the examiner. Also, pantomime of object

use (transitive gestures) is tested via different input

modalities, namely either after verbal command, after

visual presentation of the object, or after recognizing the

object via tactile exploration. Finally, also transitive ges-

tures are tested by means of an imitation task. Impairments

of the structural (here: non-lexical) pathway are assessed

with the help of tasks requiring the imitation of meaning-

less gestures. This test battery specifically contains tasks in

which the recognition and comprehension of symbolic

gestures are assessed without the requirement of actually

producing these gestures. This subtest is motivated by the

fact that the cognitive model of apraxia by Cubelli et al.

[14] allows for a dissociation between gesture production

and gesture comprehension. In fact, such a dissociation

(intact imitation but impaired recognition of meaningful

gestures) has previously been described in patients with

left-hemisphere brain damage [54]. Overall, this extensive

test battery by Bartolo and colleagues [4] contains 13 dif-

ferent kinds of tasks with each comprising at least 20 items.

As a result of the huge amount of test items, the admin-

istration of this test battery takes about 2 h already in

healthy subjects and requires an extensive amount of test

material. Cut-off values indicating an apraxic impairment

were determined based on the means and standard devia-

tion of 60 healthy control subjects (mean -3, standard

deviations -1). For subtests on which healthy subjects did

not make any mistakes at all (mean equates to maximal

score, standard deviation equates to zero), the cut-off value

was defined as the maximal subtest score minus one.

However, these cut-off values have to be called into

question, as the test battery has not yet been applied to an

adequate patient sample. For the same reason, no details

can be provided about specificity and sensitivity as well as

reliability and validity of this apraxia test battery.

Florida apraxia battery-extended and revised Sydney

(FABERS)

A second comprehensive test battery for the assessment of

upper limb apraxia (FABERS) was published recently by

Power and colleagues [50]. Their test battery was based on

the cognitive model of apraxia by Rothi and colleagues

[55, 56]. Like the test battery by Bartolo and colleagues,

this apraxia test also contains tasks for the assessment of

both the semantic and the structural pathway. Tasks

requiring the production of transitive and intransitive but

meaningful gestures are adopted to test the semantic

pathway. Again, different input modalities are used to

prompt the gesture production (language: verbal instruction

for transitive (i.e., pantomime) and intransitive, meaningful

gestures; objects: visual presentation of objects triggering

transitive gestures; gestures: imitation of transitive and

intransitive gestures). Similarly, Power and colleagues used
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tasks that require the imitation of meaningless gestures and

motor sequences to detect possible impairments of the

structural pathway. In contrast to the test battery by Bartolo

and colleagues, the test battery by Power and colleagues

does not contain any items assessing the actual use of

objects.

In addition to the tasks assessing gesture production, this

apraxia test battery also contains tasks to examine the

comprehension of meaningful gestures. Administration of

the whole test procedure is estimated to take about 45 min.

Based on the data of a sample of 16 healthy elderly control

subjects, the inter-rater reliability of the different subtests

was shown to be high (C89%). Moreover, a cut-off value

indicating impairment was determined based on the per-

formance of these 16 healthy elderly controls (values

below the 10th percentile of the 16 subjects indicate an

impairment). However, the test battery has not yet been

applied to stroke patients and thus specificity and sensi-

tivity of the test procedure are unknown.

Treatment of upper limb apraxia

Up to now, only a few studies have been published that

investigated the efficacy of treatments for upper limb

apraxia. This might be, at least in part, due to the widely

held but erroneous assumption that apraxia shows up dur-

ing neuropsychological testing only but does not cause a

significant impairment in daily life (voluntary-automatic

dissociation [5]). Contrary to this assumption, it has been

demonstrated that apraxia significantly affects patients in

their everyday lives and has a negative impact on their

rehabilitation [6, 26, 29, 35, 40, 63].

An extensive literature search (including the period from

January 1965 to April 2011) in Medline (PubMed) using

the keywords ‘apraxia’ AND ‘rehabilitation’ OR ‘treat-

ment’ OR ‘therapy’ was conducted. In addition, the refer-

ence lists of the articles identified by means of the literature

search were screened for further relevant articles. Alto-

gether, this procedure revealed three studies that investi-

gated rehabilitation strategies of upper limb apraxia by

means of randomized controlled trials (RCTs [21, 61, 62]).

Beyond that, only a few randomized, explorative studies

[35, 37, 64] as well as several single case studies have been

published [9, 10]. The results of these latter studies do not,

however, meet the requirements of current evidence-based

approaches. Nevertheless, they can provide interesting

suggestions for the development of novel treatment strat-

egies. When evaluating the quality of a given treatment, it

is of great importance whether the positive effect of the

treatment persists after the treatment has been terminated.

Furthermore, it should be assessed whether a transfer of

positive treatment effects takes place (i.e., from trained to

untrained activities, from the training environment into

another environment).

Table 2 provides an overview of all group studies

investigating treatment strategies for apraxia that have

been published so far. In the following, the gesture

training [61, 62] as well as the strategy training [21] will

be described in detail as both approaches have been

examined by RCTs. Finally, two additional therapeutic

approaches, namely the explorative and the direct training

by Goldenberg and colleagues [35, 37], will be detailed,

which might provide the reader with suggestions for

additional therapeutic interventions, even so the evidence

supporting these therapeutic approaches is insufficient at

the moment. The direct training, in which the patient is

taught to routinely retrieve the trained movements when

they are required in daily life, belongs to the so-called

‘bottom-up’ approach, while the strategy training, the

gesture training, and explorative training are assigned to

the ‘top-down’ approach, in which general principles of

object use are learned throughout a training period, which

subsequently can be applied not only to trained but also to

untrained activities [51].

Gesture training

Smania and coworkers [61] were the first who published a

study in which they investigated the effect of a therapeutic

intervention on the rehabilitation of apraxia in an RCT.

This study can be considered a proof-of-principle-study as

only 13 patients were included. Afterwards, the effective-

ness of the therapeutic intervention was tested in a larger,

randomized controlled study with 45 apraxic patients [62].

In both studies, a specific intervention for the rehabilitation

of apraxia was compared to a conventional therapy for

aphasia. In the first study, both the control group (n = 7)

and the experimental group (n = 6) received 35 training

sessions each lasting 50 min. The experimental apraxia

training included tasks with regard to three different

domains of gesture production: transitive gestures, intran-

sitive meaningful gestures, and intransitive meaningless

gestures. Two of the tasks were presented with three dif-

ferent degrees of difficulty, always starting with the easiest

alternative. Subsequently, the tasks were complicated by

taking away (the therapist’s) support, in a stepwise fashion.

That is, during the first phase of the training for transitive

gestures, objects were handed over to the patients who

were asked to appropriately use the respective objects

(actual object use, phase A). During the next phase, pic-

tures were shown to the patients, which displayed the usage

of objects in an appropriate context (e.g., a person, raising a

spoon to his/her mouth while eating soup). In the follow-

ing, the patients were asked to imitate the object use as

shown on the picture (phase B). Finally, during the most
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difficult phase, pictures merely showing the object were

presented. Patients were asked to pantomime the use of

these objects (phase C). Likewise, the training of the

intransitive, meaningful gestures was divided into three

phases. During the first phase, two pictures were shown to

the patients. While one of the pictures illustrated a specific

scene (context picture), the second picture showed a

symbolic gesture fitting into this context. Patients were

required to imitate this gesture (phase A). During the next

phase, only the context picture was shown to the patient

who was required to recall which gesture would be

appropriate in the shown context and then to demonstrate

this gesture (phase B). For the last phase (phase C), again

pictures showing contexts were used to test for intransitive,

Table 2 Summary of all published group studies examining the efficacy of therapeutic interventions for apraxia (until April 2011; note that

studies are ordered by publication year)

Randomized controlled trials (RCTs) are highlighted in grey
a Entries in this column indicate whether the positive treatment effect was transferred to other tasks, objects, or environments
b During the follow-up examination, only patients who continued ADL training at home showed a positive treatment effect
c As patients improved on ADL measures and/or Barthel Index, it can be assumed that the positive treatment effect occurred not only for the

specifically trained tasks but that a transfer to other tasks took place
d Based on a reanalysis of the data by Donkervoort et al. [21], Geusgens and colleagues (2006) found indications for a transfer of the positive

treatment effects of the strategy training to untrained tasks [28]
e At the end of the treatment, Goldenberg et al. [37] tested the same activities with a different set of objects and reported increased error rates

when compared to the test with the objects used during the training sessions. Thus, the treatment effect of the direct training is very specific and

cannot be transferred to a novel environment, i.e., a different set of objects
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meaningful gestures. These context pictures were new, but

related to the previous contexts, thus triggering the same

gestures and thereby assessing whether a transfer of the

gestures occurred that had been learned in phases A and B.

In both the training of the transitive gestures and training of

the intransitive gestures, each phase contained 20 items.

Once a patient correctly performed 17 out of 20 items, the

training of the next phase commenced. Finally, intransitive

meaningless gestures were practiced during the last part of

the gesture training. Here, patients had to imitate mean-

ingless gestures demonstrated by the therapist. The thera-

pist noted whether a gesture was imitated correctly without

any support or only after the therapist provided verbal or

other support.

Effectiveness of the therapeutic intervention was

examined by applying the following tests before the first

training session as well as after the last training session: a

test for real object use [16], a test for the imitation of

meaningful as well as meaningless intransitive gestures

[17], and a test assessing recognition of transitive and

intransitive gestures developed by Smania and coworkers.

The experimental group improved significantly on the tests

for real object use and imitation of intransitive gestures.

Furthermore, an improvement in the gesture recognition

task was observed, which however was not significant. In

contrast, patients of the control group who did receive

conventional aphasia therapy, did not show an improve-

ment in any of the tests. Although Smania and colleagues

did not report significant results for the direct group com-

parison, they demonstrated for the first time that thera-

peutic intervention for apraxia might have a positive effect.

Based on these positive results, Smania and colleagues

[62] performed a second study on the effectiveness of their

gesture training in a larger sample of 45 patients with left

hemispheric stroke and apraxia. The main focus of the

second study was to investigate the clinical relevance of the

previous results. That is, with the help of an additional ADL

questionnaire, the authors examined whether gesture train-

ing also improved ADLs or whether the improvements by

the gesture training were restricted to the neuropsycholog-

ical assessment. In this study, the improvement after ther-

apy has directly been tested between groups and turned out

to be significant not only for apraxia scores but also for the

ADL questionnaire, implying that they performed ADLs

more independently after the training. Finally, follow-up

measurements in a subgroup of 17 patients (nine patients

from the experimental group) after 2 months, revealed a

lasting positive effect (on ADL questionnaire and tests for

apraxia) of the gesture training. Taken together, the two

studies by Smania and colleagues provide indications for

the efficacy of their gesture training. However, it should be

noted that the sample sizes of the two studies (n = 13 and

n = 45) are relatively small in comparison to the study by

Donkervoort and colleagues who evaluated their strategy

training in 139 apraxic patients (see ‘‘Strategy training’’).

Strategy training

In a further RCT, Donkervoort and colleagues [21] evalu-

ated the strategy training previously developed by van

Heugten and colleagues [64]. The initial study, which

investigated the efficacy of the strategy training, was based

on a pre–post test design, but lacked a control group and

thereby did not fulfill the requirements of an RCT. Van

Heugten and colleagues [64] had shown by means of an

explorative study that patients showed significant

improvements in ADLs after a 12-week treatment with a

strategy training, but no improvement in apraxia (as

assessed by different neuropsychological tests).

As these results suggest that the strategy training might

be effective in helping subjects to perform more indepen-

dently in daily life despite persistent apraxia, Donkervoort

and colleagues examined the efficacy of this training in an

RCT [21]. Assuming that apraxia is a persistent and diffi-

cult-to-treat syndrome, this therapeutic approach is aimed

at teaching patients strategies that might help to compen-

sate for apraxic deficits in daily life. One hundred and

thirty-nine patients suffering from left-hemisphere stroke

(dating back 4 weeks to 2 years) and apraxia were ran-

domly assigned to either the control or the experimental

group. While the control group received a standardized

occupational therapy, the experimental group received

additional strategy training within the framework of the

occupational therapy. During strategy training, the patient

practiced several ADLs with support by an occupational

therapist. Dependent on the patient’s degree of impairment,

the occupational therapist supported the patient at three

different stages according to a detailed protocol [64]. That

is, if a patient is primarily impaired in initiating an action,

the occupational therapist can assist the patient by pro-

viding additional verbal instructions. If the patient still

does not initiate the action, the occupational therapist

might hand over the required objects to the patient. If on

the other hand a patient has difficulties with the actual

execution of an action, the occupational therapist can

verbally describe the single steps needed for execution of

the action or can provide direct physical support by, for

example, correctly positioning the patients’ limbs. Finally,

the occupational therapist can provide feedback to the

patient regarding the outcome of his/her action and/or

could ask the patient to monitor the result of the action his/

herself. Before and after the 8-week therapy and also on a

follow-up measurement 5 months later, ADL competences

were assessed by means of an observation protocol [66,

67]. Furthermore, the Barthel index [70], the severity of

apraxia (test for apraxia by van Heugten et al. [65]), and
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basic motor functions (Motricity Index [18], modified

version of the Action Research Arm Tests [47]) were

assessed in all patients at these three points in time.

Patients who had received the strategy training showed a

significant improvement in the ADL observation protocol

and the Barthel index after 8 weeks of therapy compared to

those patients who received the conventional occupational

therapy only. No differences were found for any other

parameters. At the follow-up measurement (i.e., after

5 months) no differences between the two different treat-

ment groups could be detected.

Direct training and explorative training

Two more therapeutic approaches for the treatment of

apraxia were proposed by Goldenberg and colleagues [35,

37]. One is called ‘‘direct training’’, in which the patient

executes different ADLs with the aim to minimize errors

with the help of an occupational therapist. Support of the

occupational therapist is only reduced if the patient has

gained more confidence when executing a given action.

Furthermore, during direct training difficult passages of an

action can repeatedly be trained, but the action should

subsequently always be completed.

The second therapeutic approach, invented by Golden-

berg and colleagues, is the so-called ‘‘explorative train-

ing’’, which aims at teaching patients to recognize the

function of an object by analyzing its form and structure. In

contrast to the direct training, the objects are not actually

used throughout the explorative training, that is, the

respective object-related actions are not executed. The

ability to infer the function of an object from its structure is

part of mechanical problem solving and enables the use of

new, unknown objects [36]. Patients with left hemisphere

damage compared to control subjects show difficulties

when they need to infer functions of unknown tools [36].

According to Goldenberg and colleagues, this deficit may

also contribute to difficulties of apraxic patients when

using known objects. Accordingly, it was assumed that

apraxic patients might improve in actual object use with

the help of an explorative training.

Initially, Goldenberg and Hagmann [35] investigated in

a study with apraxic patients (n = 15, no control group) the

efficacy of a treatment consisting of both direct and

explorative training. This study revealed a significant per-

formance improvement in trained ADLs. However, a

transfer to untrained ADLs could not be observed. Another

problem concerns the results of the follow-up measurement

carried out 6 months after the treatment sessions had been

completed: only three out of six patients who were

re-examined at follow-up showed a persistent therapy

effect. Moreover, these patients reported that subsequent to

therapy they continued training of the ADLs at home.

In a follow-up study, Goldenberg et al. [37] directly

compared the direct training with the explorative training

within a single patient group (n = 6). The explorative

training did not lead to a significant improvement of ADL

performance. In contrast, the direct training revealed a

positive therapy effect: patients made less major errors and

needed less support when executing the tested ADLs. This

positive therapy effect of the direct training was also

observed at the follow-up measurement 3 months later.

However, it should be noted that the therapeutic success

was restricted to the trained ADLs, i.e., it could not be

transferred to untrained ADLs. Nevertheless, the direct

training can be regarded as a promising approach to treat

upper limb apraxia.

Besides the therapeutic approaches described in detail

above, several other approaches have been proposed,

which, however, were merely examined in single case

studies (for an overview see [9, 10]). Also interesting, but

beyond the scope of this article, are treatment approaches

that have been put forward to improve gestural perfor-

mance in aphasic patients. Most of theses studies lack

systematic evaluations of the treatment interventions [11,

12] or were only single-case studies [11, 13]. However, one

study recently proved the efficacy of an intervention to

improve gestural expression in aphasia in a larger patient

sample [15], indicating that it might be worth investigating

its effects also in apraxic patients.

Recommendations

Recommendations for diagnosing upper limb apraxia

With respect to apraxia tests for scientific studies, neither

of the two apraxia test batteries based on cognitive models

of apraxia (see part ‘‘Apraxia tests primarily applicable for

scientific purposes’’) can currently be recommended as the

application of both test batteries to patients has not yet

been documented [4, 50]. Further shortcomings of these

test batteries are that they either do not contain any item

for actual object use [50] or that their psychometric

properties such as reliability or validity have not been

assessed [4].

For the application in the daily clinical routine, the

Cologne apraxia screening (CAS) constitutes a reliable and

valid screening tool. Due to the item reduction that was

carried out during preparation of the CAS, the CAS can be

accomplished at the bed side within approximately 10 min.

Moreover, given a comparable sensitivity and specificity of

the CAS and the AST, we suggest using the CAS as the

CAS comprises meaningful and meaningless gestures (i.e.,

testing both the semantic and the structural pathway), while

the AST contains only one meaningless item and thus
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might overlook patients suffering from deficits that result

from an impaired structural pathway.

For the purpose of a comprehensive clinical diagnosis,

we suggest to use the TULIA [69], as it constitutes a

reliable and valid comprehensive assessment for upper

limb apraxia. Furthermore, no specific test material is

needed, so that the test procedure can be easily accom-

plished at the bed side.

As both the CAS and the TULIA do not contain a

subtest for actual object use, we recommend using the

subtest for actual object use proposed by De Renzi et al.

[16] if an impairment of object use is suspected. However,

when using this test, it should be noted that no psycho-

metric values for this test have been provided.

Recommendations for treating upper limb apraxia

To date, only a few (randomized, controlled) studies have

been conducted to investigate the efficacy of different

treatments for limb apraxia [10, 73]. Indeed, a review

article of limb apraxia treatment after stroke is provided by

the Cochrane library. However, based on the scarce data,

no recommendation for the treatment of apraxia is provided

(‘‘There is insufficient evidence to support or refute the

effectiveness of specific therapeutic interventions for motor

apraxia after stroke’’, p. 2) [73].

While some studies report a positive effect of thera-

peutic intervention immediately after the intervention has

been completed [21, 35, 37, 61, 62, 64], in most cases it

remains questionable whether this positive effect is per-

sistent. Only Smania and colleagues [62] reported that the

positive effect of the intervention persisted at least for

2 months after the gesture training had been completed.

Accordingly, based upon the above data, we currently

recommend to treat apraxic patients with the gesture

training. A detailed description of the gesture training is

provided in Smania et al. [61]. Moreover, we encourage

therapists to gear the ADLs trained during treatment ses-

sions to the patient’s individual environment, as in partic-

ular the transfer of the therapeutic effect to untrained

activities as well as into different environments was only

partially achieved by the hitherto published treatment

approaches.

We hope that with the accomplishment of further pro-

spective, randomized, controlled studies that investigate

the efficacy of therapeutic interventions for apraxia, the

data records will soon improve, so that apraxic patients can

be treated more effectively in the future. The present

review aims at directing the reader’s attention to the clin-

ical dimension of upper limb apraxia and thereby tries to

prepare the basis for further therapy studies of the disabling

syndrome of apraxia.
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