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Apraxia of Speech: An overview
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Apraxia of speech (AOS) is a motor speech disorder that can occur in the absence of aphasia or dysarthria. AOS has been the subject of
some controversy since the disorder was first named and described by Darley and his Mayo Clinic colleagues in the 1960s. A recent revival
of interest in AOS is due in part to the fact that it is often the first symptom of neurodegenerative diseases, such as primary progressive
aphasia and corticobasal degeneration. This article will provide a brief review of terminology associated with AOS, its clinical hallmarks
and neuroanatomical correlates. Current models of motor programming will also be addressed as they relate to AOS and finally, typical
treatment strategies used in rehabilitating the articulation and prosody deficits associated with AOS will be summarized.

Introduction
Apraxia of speech (AOS) has emerged as the term to describe
a motor speech disorder characterized by an impaired ability
to coordinate the sequential, articulatory movements necessary to produce speech sounds (Wertz et al., 1984). Confusion in the literature around AOS stems from the fact that
terminology associated with this disorder has varied greatly.
Also, symptoms associated with AOS often co-occur or overlap with those caused by neuromuscular deficits indicative of
the dysarthrias and the linguistic errors associated with
aphasia. AOS is, however, a distinct motor speech disorder.
Although vascular lesions are the most common cause of
AOS, the disorder may also result from tumors and trauma.
Often AOS has also been identified as the first symptom of
neurodegenerative diseases such as corticobasal degeneration
or non-fluent progressive aphasia (Rosenfield, 1991; Blake
et al., 2003; Gorno-Tempini et al., 2004). In recent years,
progressive speech decline has been described as the initial
and primary symptom in a number of degenerative cases
(Tyrell et al., 1991; Broussolle et al., 1996; Chapman et al.,
1997).
In this paper, we will briefly review clinical hallmarks of
AOS, the evolution of terminology associated with the disorder and the ongoing controversy regarding lesion sites associated
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with AOS. We will summarize the cognitive basis of AOS
within current models of motor programming and review
modern approaches to treatment.

History of Terminology
Liepmann introduced the general term ‘apraxia’ and defined
it as an inability to perform voluntary acts despite preserved
muscle strength (Liepmann, 1908). Liepmann’s notation of
‘apraxia of the glosso-labio-pharyngeal structures’ was
refined by Darley, who first coined the term ‘apraxia of
speech’ in the 1960s (Darley, 1969).
The notion of a speech disorder in the presence of preserved language skills and unimpaired muscular function
was originally introduced a century earlier by Paul Broca
(Broca, 1861). He termed the disorder aphemia and observed
that:
There are cases in which the general faculty for language
remains unaltered; where the auditory apparatus is intact;
where all muscles—including those of speech and articulation—are under voluntary control; and where nevertheless, a
cerebral lesion abolishes articulated language.

Even though Broca distinguished between speech and language disorders early on, it is unclear if his aphemia is synonymous with today’s AOS, particularly because his original
patients only produced recurrent utterances and not sufficient
spontaneous speech to discern specific AOS symptoms.
Marie introduced the term anarthria in an attempt to clarify the difference between aphemia and aphasia (Marie,
1906). His term was used to describe a general inability to
control complex mechanical movements in speech production. However, Dejerine later redefined this term by classifying ‘anarthria’ and ‘dysarthria’ as speech problems caused by
muscle weakness, slowness or incoordination (Dejerine,
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1914)—a definition that is still accepted today. These symptoms are not characteristic of the articulatory errors apparent
in cases of AOS.
‘Anarthria’ and ‘aphemia’ are two of many terms that have
been adopted historically to describe speech disturbances that
we now associate with AOS. In much of the current European
literature the terms ‘anarthria’ and ‘AOS’ are still used synonymously (Broussolle et al., 1996; Silveri et al., 2003; Dobato
et al., 2004); however, in the United States, ‘anarthria’ is
reserved primarily to describe severe cases of dysarthria, in
which muscle weakness is the cause of the speech disturbance
(Duffy, 1995). In severe cases, speechlessness may result,
making it difficult to distinguish from speechlessness due to
profound AOS. It should be noted that mutism may ultimately
result from either progressive AOS or dysarthria.
In a review of the literature, Duffy notes 23 terms that have
been used to label the symptoms of AOS (see Table 1).
Though these terms have been used previously, particularly
before Darley and his collegues clarified distinctions between
dysarthria and AOS (Darley et al., 1975), ‘AOS’ is currently
the most widely accepted term used in the speech pathology
literature.

Clinical Presentation
Darley first described AOS as “a disorder of motor speech
programming manifested primarily by errors of articulation”
(Darley and Aronson, 1975). He noted that AOS resulted
from “an impaired ability to program the positioning of the
speech musculature … and the sequencing of speech musculature” (Darley et al., 1975).
With a shift from purely descriptive means of study (e.g.,
using broad phonetic transcription to describe the errors
heard in AOS) to a utilization of more objective measures,
particularly acoustic analysis of speech errors, came refined
definitions of the disorder, ones that emphasized deficient
sequencing and timing features of AOS (Itoh et al., 1979;
Kent and Rosenbek, 1983; Duffy and Gawle, 1984; SquareStorer and Apeldoorn, 1991). For example, Kent and
Rosenbek describe AOS as an impairment of motor speech
control, which leads to “errors in sequencing, timing, coordination, initiation and vocal tract shaping” (Kent and
Rosenbek, 1983).

Articulatory errors and prosodic abnormalities are hallmarks of AOS. Prosodic deficits, however, are thought to be
a secondary effect of poor articulation (e.g., patients may
speak in a slow, halting manner because they are anticipating
difficulty speaking) (Darley and Aronson, 1975). Patients
with AOS may present with any or all of the following salient
signs: 1) effortful trial and error groping with attempts at selfcorrection; 2) persistent dysprosody (abnormal rhythm, stress
and intonation); 3) articulatory inconsistency on repeated
productions of the same utterance and/or 4) obvious difficulty
initiating utterances (Wertz et al., 1984). These characteristic
deficits have traditionally been elicited in clinical settings
with the administration of the Motor Speech Evaluation
(MSE), which includes a collection of words, phrases and
sentences that are particularly sensitive to AOS (Wertz et al.,
1984). The only normed and standardized test for AOS, the
Apraxia Battery for Adults –2 (ABA-2) (Dabul, 2000),
includes an inventory of 15 articulation characteristics of the
disorder (see Table 2). Many of these are similar to classic
AOS speech behaviors noted by Wertz, and discernable on
the MSE, but in some cases the ABA-2 is more specific with
regard to the types of articulatory errors that may be perceived by a listener (e.g., phonemic anticipatory errors, perseverative errors, transposition errors, etc.).
The most common AOS errors involve place of articulation, with affricates and fricatives most affected (e.g., a word
with affricate sounds such as the ‘ch’ in ‘church’ will be more
difficult to say for apraxic speakers than a word with bilabial
phonemes, such as the ‘m’ in ‘mom’). Errors are more common on consonant clusters, rather than singleton consonants
(e.g., ‘strict’ will be more difficult than ‘sit’) and patients with
AOS are more likely to produce errors when asked to repeat
nonsense words, as opposed to meaningful words (Duffy,
1995). Patients with AOS often assign equal stress to each
word. Pauses between syllables and words are common, as is
an overall slowed rate of speech (Duffy, 1995). A speaker
with AOS, when attempting to say ‘cushion’ produced the following: “Oh, uh, uh chookun, uh, uh, uh, dook, I know what
it’s called, it’s c-u, uh, not it’s chookun, no …”
Differential Diagnosis
When diagnosing AOS, it is important to distinguish the disorder from Broca’s aphasia, conduction aphasia and dysarthria.

Table 1. Historical terms associated with AOS (Duffy, 1995)
Afferent motor aphasia
Apraxic dysarthria
Broca’s aphasia
Efferent motor aphasia
Speech apraxia
Phonetic disintegration
Secondary verbal apraxia
Speech sound muteness

Anarthria
Articulatory dyspraxia
Little Broca’s aphasia
Expressive aphasia
Peripheral motor aphasia
Primary verbal apraxia
Sensorimotor impairment
Subcortical motor aphasia

Aphemia
Ataxic aphasia
Cortical dysarthria
Oral verbal apraxia
Phonemic aphasia
Pure motor aphasia
Word muteness

429

Apraxia Overview
Table 2. Inventory of articulation characteristics of apraxia from the
apraxia Battery for Adults – 2 (Dabul, 2000)
Speech Behavior
1. Exhibits phonemic anticipatory errors (gleen glass for green grass)
2. Exhibits phonemic perseverative errors (pep for pet)
3. Exhibits phonemic transposition errors (Arifca for Africa)
4. Exhibits phonemic voicing errors (ben for pen)
5. Exhibits phonemic vowel errors (moan for man)
6. Exhibits visible/audible searching
7. Exhibits numerous off-target attempts at the word
8. Errors are highly inconsistent
9. Errors increase as phonemic sequence increases
10. Exhibits fewer errors with automatic speech than volitional speech
11. Exhibits marked difficulty initiating speech
12. Intrudes schwa sound /IPL/ between syllables or in consonant clusters
13. Exhibits abnormal prosodic features
14. Exhibits awareness of errors and inability to correct them
15. Exhibits expressive-receptive gap

The term ‘apraxia of speech’ has occasionally been used
synonymously with Broca’s aphasia. The misconception that
the two disorders are one and the same may have arisen from
the fact that AOS and Broca’s aphasia often occur together
(Duffy, 1995). However, the two disorders have been shown
to be distinguishable, since AOS has been documented in
non-aphasic patients (Square-Storer et al., 1990; Square et al.,
1997), who do not manifest truly linguistic deficits, such as
agrammatism and naming deficits.
AOS is often confused with conduction aphasia, perhaps
because sound level errors (substitutions, additions, transpositions or omissions) are prominent in both disorders. However, the nature of errors is thought to be different (McNeil
et al., 2004; Duffy, 1995). The sound errors in conduction
aphasia reflect an underlying deficit in the selection of the
phonemes for speech, that is, a language deficit. Apraxic
speakers, on the other hand, are believed to select the correct
phonemes, only to have trouble with their motor execution.
Wertz has suggested that patients with conduction aphasia
typically speak with near normal prosody, whereas halting,
effortful speech with abnormal prosody is considered a hallmark of AOS (Wertz et al., 1984). Patients with conduction
aphasia may lack awareness of their speech errors and therefore may not always make attempts at self-correction, while
the opposite is true in cases of AOS (Square, 1997). Despite
this, the differential diagnosis of the speech production errors
in AOS and conduction aphasia can be difficult given the
similarity in sound level errors.
AOS differs from dysarthria in that dysarthria is caused by
impairment of muscle strength, tone, range of motion and/or
coordination, while AOS is not caused by these impairments
(Darley et al., 1975). Dysarthria can affect phonation, resonance, articulation or prosody as the result of damage to the
central or peripheral nervous system (Darley et al., 1975). In
AOS, however, articulation is primarily disrupted, rather than
resonance or phonation, due to central nervous system damage.

Also, the errors heard in dysarthric speech are typically consistent and predictable, while the speech errors heard in AOS tend
to be highly irregular (Darley et al., 1975; Yorkston et al.,
1988; Duffy, 1995). Speakers with AOS may misarticulate a
word on one occasion, and accurately articulate the same
word on another occasion.
Whether there is a singular speech symptom that is exclusive to AOS remains debatable. Many of the typical speech
errors heard in conduction aphasia, such as the transposing of
sounds or perseverative errors, can also be heard in cases of
AOS. McNeil has suggested that there are three characteristics of pure AOS that do not occur in any other sound-level
production disorder (such as conduction aphasia): sound distortions, prolonged segment durations (e.g., prolonged vowels or consonants) and prolonged intersegment durations
(e.g., abnormal pauses within sounds, syllables or words)
(McNeil et al., 2004).

Neuroanatomy of Apraxia of Speech
Pinpointing a singular brain region associated with AOS has
been controversial. The disorder has been described in
patients with lesions to Broca’s area (Alexander et al., 1989;
Hillis et al., 2004), left frontal and temporoparietal cortex
(Square, 1997; McNeil et al., 2000), the left, superior, anterior region of the insula (Dronkers, 1996), as well as left subcortical structures, particularly within the basal ganglia
(Duffy, 1995; Square et al., 2001; Peach and Tonkovich,
2004).
Dronkers compared 25 left hemisphere stroke patients with
chronic AOS to 19 patients without AOS and found that all
patients with AOS shared a common site of lesion within the
precentral gyrus of the left anterior insula (Dronkers, 1996).
None of the 19 patients with an infarction of the left MCA without AOS had lesions in this same region. This disassociation
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provided strong evidence that lesions to the anterior insula area
may result in AOS.
Other studies have argued against a relationship between the
insula and AOS. In a study with 80 acute stroke patients, Hillis
used diffusion-weighted imaging (DWI) and perfusionweighted imaging (PWI) in acute patients within the first 24
hours of stroke and found no association between AOS and
metabolism in the left insula (Hillis et al., 2004). AOS was
instead associated with structural damage or low blood flow in
the left posterior inferior frontal gyrus. Variations in stage of
illness and techniques used may account for these differences.
Accounts of AOS in patients with subcortical damage have
also been reported. Kertesz reported 10 cases of patients with
AOS and aphasia who had lesions in the basal ganglia and
internal capsule (Kertesz, 1984). Closer inspection of CT
scans provided with these cases reveals insular involvement as
well. Peach and Tonkovich recently described the phonemic
characteristics of AOS in a patient with subcortical damage as
the result of a hemorrhage (Peach and Tonkovich, 2004).
Functional neuroimaging studies in normal subjects have
generally involved similar brain regions as patient studies.
However, differences in experimental design and tasks used,
that is, overt versus covert speech, cause difficulty in understanding the different contribution of these regions. Several
studies have shown left insular recruitment for different
speech production tasks, when the task was overt (Kuriki
et al., 1999; Wise et al., 1999). Other studies have reported
activation in the frontal operculum as well as the premotor
and primary motor cortices for covert articulation (Rueckert
et al., 1994). Basal ganglia activation has also been described
for a covert repetition task of a single syllable (Wildgruber
et al., 2001).
Though there may be some disagreement as to precise
location, accounts of AOS in neurodegenerative cases have
demonstrated that patients with progressive nonfluent aphasia
and AOS showed focal atrophy in all three of the regions
mentioned above, including the inferior frontal gyrus, left
insula and subcortical regions (Gorno-Tempini et al., 2004).
There have been suggestions that there may be more than
one type of AOS—one caused by frontal lobe damage and
another, the result of temporo-parietal lesions (Square et al.,
1997). Using acoustic analysis and neuroimaging data
Square-Storer and Apeldoorn (1991) identified a left parietal
variant of AOS that differed in presentation from AOS
caused by a left frontal lesion. Speech symptoms associated
with parietal AOS included: visual and auditory groping on
initiation and within utterances, numerous off-target approximations of phonemes and occasional syllable segregation
(Square et al., 1997). A study by Deutsch of 18 frontal and
temporo-parietal patients, all of whom were diagnosed as
having AOS, found that the temporo-parietal patients produced a greater percentage of polysyllabic sequencing errors
and a smaller percentage of errors on monosyllabic articulation errors than the frontal group (Deutsch, 1984).
Differing results in localization studies of AOS might arise
from the fact that diagnostic criteria, localization methods,
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time post-onset and etiology have varied among studies,
making it difficult to draw definitive conclusions about the
neurological basis of AOS (Duffy, 1995).

Apraxia of Speech in Current Models of Motor
Programming
The cognitive basis of AOS remains a theoretical question.
While the dysarthrias are thought to be caused by a deficit at
the end-stage execution of articulation, modern motor programming models consider AOS to be impairment at a more
intermediate level. A number of models have been put forth
that have provided a framework for understanding the complex process that is spoken language. A few early models
address phonological encoding in particular (Shattack-Hufnagel,
1979; Shattuck-Hufnagel, 1979a; Garrett, 1980; Garrett, 1984;
Shattack-Hufnagel, 1987), while others are more comprehensive, describing speech production from early semantic encoding to end-stage phonological levels of production (Dell, 1988;
Levelt, 1989; Levelt et al., 1999).
Levelt’s influential model of speech production describes a
phonological output buffer, which is conceived of as a shortterm store for sequences of phonemes to be articulated
(Levelt et al., 1999). Patients with damage to this buffer have
been reported previously (Caramazza et al., 1986) and share
some speech characteristics of AOS (predominance of phonemic paraphasias and pauses between words, reduced articulatory rate, etc.). However, it is difficult to conclude whether
these patients presented with AOS. For a more complete
review of modern speech production models see McNeil
(McNeil et al., 2004) and Ziegler (Ziegler, 2002).
Darley initially put forth a three-stage model of motor
speech programming that involves a central language processor (CLP), a motor speech programmer (MSP) and the motor
speech cortex. In this model, the CLP selects meaningful
sequences of phonemes for speech and then converts these
into neural codes that drive the MSP, which in turn activates
the appropriate speech musculature (Darley et al., 1975).
Based on this model, Darley assumed AOS to be a deficit in
speech programming, at the level of the MSP.
Recently, van der Merwe conceived of a model that
expanded on the planning and programming stages originally
described by Darley (van der Merwe, 1997). van der Merwe’s
model proceeds in four stages. Initially, basic linguistic units
or phonemes are selected. During a second motor planning
phase these phonemes are organized into temporospatial
codes for speech production. In the third, motor programming
phase, muscle-specific motor programs are selected and
sequenced before moving forward to the fourth phase, when
these sequences are carried out by the speech musculature
(van der Merwe, 1997). For Darley, AOS is caused by a disruption at the programming stage, whereas in van der
Merwe’s model, AOS would result from disruption to the earlier planning stage, between the level of Darley’s CLP and
MSP (Peach, 2004).
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Treatment for Apraxia of Speech
Most available treatments for AOS have limited data to support their efficacy (Wambaugh and Doyle, 1994). Over the
last few decades, a variety of treatment approaches have been
studied, with no one approach proving to be effective for all
patients (Wambaugh, 2002). Given that AOS is generally
believed to primarily disturb articulation and prosody, many
programs have focused on remediating these specific deficits
(Wambaugh, 2002).
Therapy goals are typically designed to improve communicative effectiveness. For the mildly apraxic patients, poor prosody may be the primary speech deficit and, therefore, goals
designed to improve intonation and stress may be the most
appropriate (Square et al., 1997). For the moderately or
severely apraxic patient, therapy might focus on relearning oral
postures for individual speech sounds (Square et al., 1997).
General techniques that have been employed include: traditional articulation therapy (repetitive exercises involving
imitation of speech sounds and words) (Rosenbek et al.,
1973), finger tapping or pacing (using a metronome) (Dworkin
et al., 1988), singing and electromagnetic (EMG) feedback to
reduce tension (McNeil et al., 1976; Wambaugh, 2002).
Alternative or augmentative communication devices have
also been prescribed for patients with severe AOS, as well as
the use of compensatory strategies to replace speech (e.g.,
gesturing, writing, drawing, communication books, etc.)
(Wambaugh, 2002).
In a recent summary of treatments for apraxia of speech,
Wambaugh noted two particular techniques that have replication data to support initial treatment findings (Wambaugh,
2002). One such approach, PROMPT, developed by Square
and colleagues is designed to help patients use rate and
rhythm control strategies (Square et al., 1985; Square-Storer
and Hayden, 1989) to improve their speech. The second program, developed by Wambaugh and collegues, focuses on the
remediation of misarticulated consonants through modeling,
repetition of minimally contrastive words, graphic cues and
phonetic placement cueing (Wambaugh et al., 1998).
Despite the fact that there are no large, randomized trials of
efficacy of treatment for AOS, single subject studies using
rigorous experimental designs have demonstrated the effectiveness of some of the treatments for AOS in individual
cases mentioned above. The effectiveness of these treatments
has been replicated.

Conclusion
Within the literature on AOS, the site (or sites) of lesion,
nature of defining speech characteristics and most effective
treatment strategies remain somewhat elusive. Though AOS
is now a widely accepted term, there is still debate as to
which symptoms are most pathognomonic of this motor
speech disorder, as many of the behaviors in AOS are also
common symptoms in other speech and language disorders.

The development of clear and uniform diagnostic criteria will
help clinicians and theorists better describe AOS in relation
to its near clinical neighbors.
Consistent diagnostic criteria may also help address the
question of whether there are variants of AOS, one associated
with frontal damage and another with temporoparietal
lesions. These variants might reflect disruption at different
stages of the complex process of speech articulation and
might, as a result, require different types of intervention.
Using modern acoustic, physiologic and neuroimaging techniques may help refine our understanding of motor speech
disorders in general and the neuroanatomical and cognitive
bases of AOS in particular.
Despite a number of enduring questions, we now understand AOS to be a unique speech disorder that is distinct from
other speech and language deficits such as dysarthria, aphasia
or stuttering. Because of its importance as an early clinical
indicator of progressive neurologic disease, AOS will continue to be a topic of great interest to researchers and clinicians in the coming years.

References
Alexander MP, Benson DF, Stuss DT. Frontal lobes and language. Brain
and Language 1989; 37(4): 656–691.
Blake M, Duffy J, Boeve BF, Ahlskog EJ, Maraganore DM. Speech and
language disorders associated with corticobasal degeneration. Journal
of Medical Speech-Language Pathology 2003; 11(3).
Broca P. Remarques sur le siege de la faculte du langage articule; suivies
d’une observation d’aphemie. Bulletin de la Societe Anatomique de
Paris 1861; 6: 330–357.
Broussolle E, Bakchine S, Tommasi M, Laurent B, Bazin B, Cinotti L, et al.
Slowly progressive anarthria with late anterior opercular syndrome: A
variant form of frontal cortical atrophy syndromes. J Neurol Sci 1996;
144(1–2): 44–58.
Caramazza A, Miceli G, Villa G. The role of the (output) phonological
buffer in reading, writing and repetition. Cognitive Neuropsychology
1986; 3: 37–76.
Chapman S, Rosenberg R, Weiner M, Shobe A. Autosomal dominant progressive syndrome of motor-speech loss without dementia. Neurology
1997; 49(5): 1298–1306.
Dabul B. Apraxia Battery for Adults, Second ed. Austin, Tx: Pro-Ed;, 2000.
Darley FL.The classification of output disturbances in neurogenic communication disorders In: American Speech and Hearing Association
Annual Conference Chicago IL 1969.
Darley FL, Aronson AE, Brown JR. Motor Speech Disorders. Saunders:
Philadelphia, 1975.
Darley FL, Aronson AE, Brown JR. Motor Speech Disorders—Audio
Tapes. Philadelphia: W.B. Saunders, 1975.
Dejerine J. Semiologie des affections du systeme nerveux. Paris: Masson,
1914.
Dell GS. The retrieval of phonological forms in production: tests of prediction from a connectionist model. Journal of Memory and Language
1988; (27): 124–142.
Deutsch SE. Prediction of site of lesion from speech apraxic error patterns.
In: EA, Rosenbeck, editor. Apraxia of speech: Physiology, acoustics,
linguistics and management. San Diego: College Hill Press, 1984;
113–34.
Dobato JL, Baron-Rubio M, Valle de Juan MC, Barriga FJ, SanchezSanchez C, Sanchez del Rio M, et al. [Is progressive anarthria a clinical form of Pick complex?]. Rev Neurol 2004; 39(5): 424–6.

432
Dronkers NF. A new brain region for coordinating speech articulation.
Nature 1996; 384(6605): 159–61.
Duffy J. Motor Speech Disorders. St. Louis: Mosby, 1995.
Duffy J, Gawle CA. Apraxic speakers’ vowel duration in consonantvowel-consonant syllables. In: JC, Rosenbeck, MR, McNeil, AE,
Aronson, editors. Apraxia of speech: Physiology, acoustics, linguistics, management. San Diego: College Hill Press, 1984; 167–196.
Dworkin JP, Abkarian CG, Johns DF. Apraxia of speech: The effectiveness
of a treatment regimen. Journal of Speech and Hearing Disorders
1988; 53: 280–294.
Garrett MF. Levels of processing in sentence production. In: B, Grillner, B,
Lindblom, J, Lubker, A, Persson, editors. Speech motor control.
Oxford: Pergamon Press, 1980.
Garrett MF. The organization of processing structure for language production: Applications to aphasic speech. In: D, Caplan, AR, Lecours, A,
Smith, editors. Biological perspectives on language. Cambridge: MIT
Press, 1984.
Gorno-Tempini ML, Rankin KP, Woolley JD, Rosen HJ, Phengrasamy L,
Miller BL. Cognitive and behavioral profile in a case of right anterior
temporal lobe neurodegeneration. Cortex 2004; 40(4–5): 631–44.
Hillis AE, Work M, Barker PB, Jacobs MA, Breese EL, Maurer K. Re-examining the brain regions crucial for orchestrating speech articulation. Brain
2004; 127(Pt 7): 1479–87.
Itoh M, Sasanuma S, Ushijima T. Velar movements during speech in a
patient with apraxia of speech. Brain and Language 1979; 7: 227–239.
Kent RD, Rosenbek JC. Acoustic patterns of apraxia of speech. Journal of
Speech and Hearing Research 1983; 25: 231–249.
Kertesz A. Subcortical lesions and verbal apraxia. In: JC, Rosenbek, MR,
McNeil, AE, Aronson, editors. Apraxia of speech: Physiology, acoustics,
linguistics, management. San Diego: College-Hill Press, 1984; 73–90.
Kuriki S, Mori T, Hirata Y. Motor planning center for speech articulation in
the human brain. Neuroreport 1999; 10: 765–769.
Levelt WJ. Speaking: From intention to articulation. Cambridge: MIT
Press, 1989.
Levelt WJ, Roelofs A, Meyer AS. A theory of lexical access in speech production. Behav Brain Sci 1999; 22(1): 1–38. discussion 38–75.
Liepmann H. Drie Auftsatze aus dem Apraxiegebiet. Berlin: Karger, 1908.
Marie P. La troisieme circovolution frontale gauche ne joue aucur role special dans la function du language. Semaine medicale 1906; 26: 241–7.
McNeil MR, Doyle P, Wambaugh J. Apraxia of speech: A treatable disorder
of motor planning and programming. In: S, Nadeau, LJG, Rothi, B,
Crosson, editors. Aphasia and language: Theory to practice.
New York: Guilford, 2000; 221–266.
McNeil MR, Pratt SR, Fossett TRD. The differential diagnosis of apraxia of
speech. In: B, Maassen, editor. Speech motor control in normal and disordered speech. New York: Oxford University Press, 2004; 389–412.
McNeil MR, Prescott TE, Lemme ML. An application of electromyographic feedback to aphasia/apraxia treatment. Clinical Aphasiology
1976; 4: 151–171.
Peach R. Acquired apraxia of speech: Features, accounts and treatment.
Topics in Stroke Rehabilitation 2004; 11(10): 49.
Peach R, Tonkovich J. Phonemic characteristics of apraxia of speech resulting from subcortical hemorrhage. Journal of Communication Disorders 2004; 37(1): 77–90.
Rosenbek JC, Lemme MT, Ahern MB, Harris EH, Wertz RT. A treatment
for apraxia of speech in adults. Journal of Speech and Hearing Disorders 1973; 38: 462–472.
Rosenfield DB. Speech apraxia in cortico-basal-ganglionic degeneration.
Annals of Neurology 1991; 30: 296.
Rueckert L, Appollonio I, Grafman J, Jezzard P, Johnson R Jr., Le Bihan D,
et al. Magnetic resonance imaging functional activation of left frontal
cortex during covert word production. Neuroimaging 1994; 4(2): 67–70.
Shattack-Hufnagel S. The role of word-onset consonants in speech production planning: new evidence from speech error patterns. In: E, Keller,

Ogar et al.
M, Gopnik, editors. Motor and sensory processes of language. Hillsdale:
Lawrence Erlbaum, 1987; 17–51.
Shattack-Hufnagel S. Speech errors as evidence for a serial order mechanism in sentence production. In: WE, Cooper, ECT, Walker, editors.
Sentence processing: psycholinguistic studies presented to Merrill
Garrett. Hillsdale: Lawrence Erlbaum Associates, 1979a; 295–342.
Shattuck-Hufnagel S. Speech errors as evidence for a serial order mechanism in sentence processing. In: WE, Cooper, ECT, Walker, editors.
Sentence processing: psycholinguistic studies presented to Merrill
Garrett. Hillsdale: Lawrence Erlbaum Associates, 1979.
Silveri MC, Cappa A, Salvigni BL. Speech and language in primary progressive anarthria. Neurocase 2003; 93: 213–20.
Square PA, Chumpelik D, Adams S. Efficacy of the PROMPT system of
therapy for the treatment of acquired apraxia of speech. Clinical
Aphasiology 1985; 13: 319–320.
Square PA, Martin RE, Bose A. Nature and treatment of neuromotor speech
disorders in aphasia. In: R, Chapey, editor. Language Intervention
strategies in aphasia and related neurogenic communication disorders,
4th ed. Philadelphia: Lippincott Williams & Wilkins, 2001; 847–882.
Square PA, Roy A.E., Martin R.E. Apraxia of speech: Another form of
praxis disruption. In: LJG, Rothi, K.M., Heilman, editors. Apraxia:
The neuropsychology of action. East Sussex: Psychology Press, 1997;
173–206.
Square-Storer PA, Apeldoorn S. An acoustic study of apraxia of speech in
patients with different lesion loci. In: CA, Moore, KM, Yorkston, DR,
Beukelman, editors. Dysarthria and apraxia of speech: Perspectives on
management. Baltimore: Paul H. Brookes, 1991; 271–286.
Square-Storer PA, Hayden DC. PROMPT treatment. In: PA, Square-Storer,
editor. Acquired apraxia of speech in aphasic adults. Hove, UK:
Lawrence Erlbaum, 1989; 190–219.
Square-Storer PA, Roy EA, Hogg SC. The dissociation of aphasia from
apraxia of speech, ideomotor limb and buccofacial apraxia. In: GR,
Hammond, editor. Cerebral control of speech and limb movements.
Advances in psychology. Amsterdam: North-Holland, 1990; 451–476.
Tyrell P, Kartsounis L, Frackowiak L, Findley M, Rossner M. Progressive
loss of speech output and orofacial dyspraxia associated with frontal
lobe hypometabolism. Journal of Neurology, Neurosurgery and Psychiatry 1991; 54: 351–357.
van der Merwe A. A theoretical framework for the characterization of
pathological speech sensorimotor control. In: MR, McNeil, editor.
Clinical management of sensorimotor speech disorders. New York:
Thieme, 1997; 1–25.
Wambaugh J. A Summary of treatments for apraxia of speech and review of
replicated approaches. In: MR, McNeil, editor. Seminars in speech and
language. Apraxia of speech: From concept to clinic. New York: Thieme, 2002; 293–308.
Wambaugh J, Doyle P. Treatment for acquired apraxia of speech: A review
of efficacy reports. Clinical Aphasiology 1994; 22: 231–243.
Wambaugh JL, Kaylinyak-Fliszar MM, West JE, Doyle PJ. Effects of treatment for sound errors in apraxia of speech. Journal of Speech Language Hearing Research 1998; 41: 725–743.
Wertz RT, LaPointe LL, Rosenbek JC. Apraxia of speech: The disorder and
its management. New York: Grune and Stratton, 1984.
Wildgruber D, Ackermann H, Grodd W. Differential contributions of motor
cortex, basal ganglia, and cerebellum to speech motor control: Effects
of syllable repetition rate evaluated by fMRI. NeuroImage 2001; 13:
101–109.
Wise RJ, et al. Brain regions involved in articulation. Lancet 1999;
353(9158): 1057–61.
Yorkston KM, Beukelman DR, Bell K. Clinical management of dysarthric
speakers. San Diego: College-Hill Press, 1988.
Ziegler W. Psycholinguistic and motor theories of apraxia of speech. In:
MR, McNeil, editor. Seminars in speech and language. Apraxia of
speech: From concept to clinic. New York: Thieme, 2002; 231–243.

