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Abstract 

 

Efficacy of Constraint-Induced Language Therapy for Treating 

Acquired Apraxia of Speech 

 

 

 

Rachel Elizabeth Swinson, M.A. 

The University of Texas at Austin, 2011 

 

Supervisor:  Thomas P. Marquardt 

 

This report investigates the efficacy of using constraint-induced language therapy 

(CILT) for treating acquired apraxia of speech (AOS).  CILT is a treatment method used 

with individuals with aphasia in which communication is restricted to verbal output in 

order to isolate the damaged language areas of the brain and reactivate impaired neural 

connections (Pulvermuller et al., 2001).  CILT employs repetitive, massed practiced 

stimuli and structured shaping of expressive output within the confines of verbal 

expression (Pulvermuller et al., 2001).  Kirmess and Maher (2010) indirectly discovered 

that two patients with aphasia and apraxia of speech made gains in both language output 

and articulatory accuracy after receiving intensive CILT, suggesting possible efficacy for 

the use of CILT with patients with AOS.     
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Introduction 

Constraint-induced language therapy (CILT) has not been critically evaluated for 

treating acquired apraxia of speech (AOS).  CILT is a treatment method used with 

individuals with aphasia in which communication is restricted to verbal output in order to 

isolate the damaged language areas of the brain and reactivate impaired neural 

connections (Pulvermuller et al., 2001).  CILT employs repetitive, massed practiced 

stimuli and structured shaping of expressive output within the confines of verbal 

expression (Pulvermuller et al., 2001).  Kirmess and Maher (2010) indirectly discovered 

that two patients with aphasia and apraxia of speech made gains in both language output 

and articulatory accuracy after receiving intensive CILT, suggesting possible efficacy for 

the use of CILT with patients with AOS.    

Apraxia of speech (AOS) is a neurogenic speech disorder characterized by 

deficits in motor movement planning and programming for speech (Duffy, 2005).  AOS 

presents with dysfluent verbal expression marked by imprecise articulation, impaired 

prosody, and variable production (Duffy, 2005).  Treatment methods for AOS rely 

heavily on repetitive, mass practiced stimuli and structured shaping of expressive output 

(Kirmess & Maher, 2010).  CILT may prove to be an effective means for treating AOS as 

CILT employs these principles of treatment (Kirmess & Maher, 2010).     

Constraint-induced language therapy (CILT) is based on the experience-

dependent model of brain plasticity (Kleim & Jones, 2008).  In order to regain functions, 

the impaired area of the brain needs stimulation (Kirmess & Maher, 2010).  Using 
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compensatory strategies, such as gestures, does not allow use of the impaired functions 

and structures (i.e., speech output), therefore resulting in “learned non-use” of a specific 

function (Taub, Uswatte, Mark, & Morris, 2006). The use of compensatory strategies 

may hinder the reorganization of specific speech output functions, specifically 

preprogrammed movement sequences.   

Determining whether the gains in articulatory accuracy in the two patients in the 

Kirmess and Maher (2010) study can be attributed either to massed practice stimuli or 

constraint-induced use of the motor speech programmer (MSP) may be beneficial in 

identifying new treatment methods for AOS.  The purpose of this paper is to use the 

evidence-based practice model to determine the appropriateness of using CILT to treat 

AOS.   
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Evidence-Based Practice Review 

Evidence-based practice is an approach to treatment intervention that uses 

research evidence in conjunction with integrated clinician expertise and client preferences 

and values in the process of making clinical decisions (Evidence-Based Practice, 2005).  

The process of evidence-based practice includes forming a clinical question, searching 

and evaluating the literature for the highest quality evidence, employing the findings into 

clinical practice, and evaluating the effectiveness of the intervention (Sackett, 

Richardson, Rosenberg, & Haynes, 1997).  Evidence is composed of three factors: 

external research studies, clinician expertise, and patient values and preferences (Sackett 

et al., 1997).   

Evidence based-practice guidelines require that external research studies need 

explicitly stated research questions and a clearly defined research design in order to 

answer clinical questions regarding treatment of patients with communication disorders 

(Dollaghan, 2004).  Empirically supported research is prioritized based on the rigor of the 

experimental design and the reliability and validity of the results (Roddam & Skeat, 

2010).  External research evidence is described in four different levels of data, as 

explained by Gillam and Gillam (2006).  Randomized control studies are rated as level-

one evidence because these studies include randomly assigned participants and blind 

measurements of treatment outcomes.  Systematic reviews also are classified within 

level-one evidence if the included research studies are randomized controlled studies.  

Level-two evidence consists of nonrandomized studies, multiple baseline design studies, 
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and systematic reviews composed of nonrandomized studies and multiple baseline design 

studies.  Level-three evidence includes multiple-subject case studies, and level-four 

evidence is composed of single case studies.  The lack of level one evidence and the 

variability among disorders in the field of speech-language pathology requires clinicians 

to consider other factors when determining appropriate intervention (Roddam & Skeat, 

2010).   

Clinical expertise and patient preferences are strongly considered in the decision 

making process when there is weak external evidence (Dollaghan, 2004).  Individual 

preferences, beliefs, values, motivation, and resources vary greatly among people and 

cultures and not every intervention will be appropriate for every client when considering 

these factors.   Likewise, clinical experience, education, and agency-related factors (such 

as the time allotted for treatment among rehabilitation centers) also are considered when 

making decisions regarding intervention.  Evidence-based practice relies on employing 

the highest level of external evidence while simultaneously considering client needs and 

clinician expertise.   The current external research on treatment approaches for AOS 

relies heavily on case studies, case series, and single-subject designs (Wambaugh, Duffy, 

McNeil, Robin, & Rogers, 2006).     
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Review of Current Treatment Approaches  

for Apraxia of Speech 

The majority of current behavioral treatment approaches for apraxia of speech 

focus on reorganization of the neuromotor speech system by training production of 

specific sounds and sound sequences (Ballard, Granier, & Robin, 2000).  The Academy 

of Neurologic Communication Disorders and Sciences (ANCDS) Writing Committee on 

Treatment Guidelines for AOS evaluated the available literature regarding treatment of 

AOS (Wambaugh et al., 2006).  The committee divided the types of treatment approaches 

for AOS into four categories: articulatory/kinematic, rate and/or rhythm, 

alternative/augmentative communication (AAC), and intersystemic facilitation or 

reorganization.  Only studies that measured the effect sizes of treatments were included in 

the review.     

Thirty articulatory/kinematic treatment studies were reviewed by Wambaugh et 

al. (2006).  The approaches focused on improving articulatory precision by employing 

techniques such as verbal, tactile, and visual articulatory placement cues, rapid repetition 

of syllables, oral reading, PROMPT, and electromagnetic feedback.  Twenty-eight of the 

reviewed articles were rated as level three and four evidence (case studies, case series and 

single subject design) with sample sizes ranging from one to 17 participants. 

Seven rate and/or rhythm treatment studies were reviewed.  Therapy techniques 

focused on decreasing speech rate and increasing overall rhythm of speech using pacing 

boards, metronomes, and stress patterning practice.  All seven of the reviewed articles 
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were rated as level three and four evidence (case studies, case series and single subject 

design) with sample sizes ranging from one to five participants.  

Eight alternative and augmentative communication treatment studies were 

reviewed.  Alternative and augmentative communication treatment approaches included 

use of total communication, voice communication output aids, signing, writing, and 

drawing. All eight of the reviewed articles were rated as level three and four evidence 

(case studies, case series and single subject design) with sample sizes ranging from one to 

four participants.  

Eight intersystemic facilitation/reorganization treatment studies were reviewed.  

Intersystemic facilitation/ reorganization therapy approaches focused on employing intact 

structures and functions for communication such as gesture use and choral singing. All 

eight of the reviewed articles were rated as level three and four evidence (case studies, 

case series and single subject design) with sample sizes ranging from one to six 

participants.  

Two articulatory/kinematic treatment programs have demonstrated consistent 

positive gains in overall speech intelligibility in participants with AOS (Wambaugh, 

Martinez, McNeil, & Rogers, 1999).  The Eight-Step Continuum is composed of the 

principles of intensive drill, task continua, meaningful communication, and self-

correction (Rosenbek, Lemme, Ahern, Harris, & Wertz, 1973).  The therapy is presented 

in eight steps along a continuum, gradually increasing in difficulty.  The first four steps 

involve patient imitation of a target word with decreasing clinician cueing.  Next, the 
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patient produces target words from written stimuli.  Finally, the last two steps focus on 

the production of target stimuli when presented in role-playing situations.  

Sound Production Treatment, like the Eight-Step Continuum, also makes use of a 

hierarchy (Wambaugh et al., 1999).  The treatment begins with the production of two 

words or short phrase with decreasing levels of clinician cueing (i.e.: verbal cue to 

written cue to phonetic placement cues to spontaneous production).  The final goal is to 

produce only a single sound from the initial set of target words.  Sound Production 

Treatment focuses on the use of minimal pairs (i.e., a set of words differing by only one 

phoneme) in order to ensure “the refining of the movement patterns necessary to 

distinguish among minimally different sounds” especially when “the errors are due to a 

movement programming disorder (Duffy, 2005, p. 515).  

In conclusion, most research studies evaluating the effectiveness of treatments for 

AOS are weak in that the studies are classified as level three and four evidence 

(Wambaugh et al., 2006; Gillam & Gillam, 2006).  Ballard et al. (2000), hypothesized 

that treatments for other motor systems that are based on principles of how the 

neuromotor system learns will provide the most effective treatment for the motor speech 

disorder of AOS.   

  



8 

 

Theoretical Model of Speech Motor Control: 

Deficit Levels in Apraxia of Speech 

 

Etiology and Prevalence  

Damage to the language dominant hemisphere in the area of motor speech 

programming can cause AOS.  The lesion is usually focal and caused by stroke, tumor, or 

trauma, but some degenerative neurogenic diseases first present with the symptom of 

AOS (Duffy, 2005).  In a study of 155 participants with AOS as the primary speech and 

language disorder, 41% of the cases were caused by a single stroke in the left 

hemisphere, 19% were caused by trauma or tumor, and 26% resulted from a degenerative 

disease of the central nervous system.  AOS occurs as the primary diagnosis in about 7.6 

percent of all motor speech disorders and in four percent of all acquired neurogenic 

communication disorders.   

 

Theoretical Model of Apraxia of Speech 

Apraxia of speech (AOS) is defined as a “a neurologic speech disorder that 

reflects an impaired capacity to plan or program sensorimotor commands necessary for 

directing movements that result in phonetically and prosodically normal speech” (Duffy, 

2005, p. 307).  AOS often co-occurs with aphasia, a neurogenic language disorder, and 

dysarthria, a neurogenic speech disorder characterized by weakness or incoordination of 

the speech musculature.  AOS is recognized as a distinct speech disorder as it 
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occasionally manifests as the only communication disorder present resulting from a left 

cerebral hemisphere pathology.   

AOS differs from dysarthria in that the deficits are not explained by weakness, 

slowness, or incoordination of the speech muscles and impairment in musculature is not 

evident during nonspeech tasks.  Likewise, AOS is distinct from aphasia in that AOS is 

not a language-based disorder.  Receptive language skills may be within normal limits 

with a diagnosis of AOS.  Furthermore, phonemic paraphasias present in aphasia 

typically do not result from errors in articulation or prosody, two functions executed by 

the motor speech programmer (Duffy, 2005).     

Execution of articulation is impaired in AOS.  Duffy (2005) presents the motor 

speech programmer (MSP) as a model to illustrate how the planning and programming of 

motor speech movements is carried out.  The parietal-frontal lobe of the left cerebral 

hemisphere is referred to as the “headquarters” of the MSP and focal damage to this area 

often causes AOS.  

Deficits occur at the level of the MSP that receives the phonological 

representation of a message from the perisylvian region and translates the phonemes into 

a neuromotor code that indicates the precise motor movements of the speech musculature 

(Duffy, 2005).  The motor movement of normal speech is produced without effort by 

speaker, which allows the speaker to focus on thought formulation and monitoring of 

communication breakdowns (Duffy, 2005).  McNeil, Robin, and Schmidt (1997) argue 
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that because of the effortless production of normal speech, the neuromotor codes must be 

preprogrammed sequences. 

Duffy (2005) stated that the MSP receives the neuromotor codes that activate 

preprogrammed movement sequences of frequently used syllables, words, and phrases.  

Preprogrammed movement sequences are automatic because of learned use and practice 

of specific motor sequences used to produce different syllables.  Syllables not often or 

not previously used are not preprogrammed, and therefore, production is not automatic.  

Duffy (2005) theorizes that in individuals with AOS, access to the preprogrammed 

movement sequences is impaired and, therefore, the neural pathways need to be 

reconstructed or reactivated. 
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Characteristics of Apraxia of Speech 

The Academy of Neurologic Communication Disorders and Sciences defined the 

five primary clinical characteristics of AOS, including 1) perceived slow rate 

characterized by phoneme prolongation and increased interword durations, 2) distorted 

vowel and consonant sounds, 3) distorted substitutions, 4) consistent articulatory errors 

types and error locations, and 5) prosodic abnormalities (Wambaugh, et al., 2006).  The 

characteristics of AOS are based on acoustic and physiologic research studies.   

 

Slow rate 

Slow rate is perceived in speakers with AOS either because vowel and consonant 

duration is increased, as evidenced by longer formant transitions, or because increased 

pause time between syllables is perceived as syllable segregation (Kent & Rosenbek, 

1983).  Increased formant transition times indicate slow coarticulation, as supported by 

Itoh, Sasanuma, Hirose, and Ushijima (1980) who noted reduced articulatory velocity in 

patients with AOS.  However, speakers with AOS vary vowel length in following with 

the typical linguistic rules of vowel duration (Duffy, 2005).  Speakers with AOS 

produced shorter vowels in multi-syllabic words than vowels in single syllable words, 

and longer vowels preceding final voiced consonants than vowels proceeding final 

unvoiced consonants (refer to Baum, Blumstein, Naeser, & Palumbo, 1990; Caligiuru & 

Till, 1983; Collins, Rosenbek, & Wertz, 1983; Duffy & Gawle, 1984; Strauss Hough & 

Klich, 1998; Strauss Hough & Klich, 2001).  Strand and McNeil (1996) observed that 
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vowel and interword duration is longer in sentence production than in single word 

production, suggesting that speakers with AOS program movement sequences syllable by 

syllable, reflecting impairment in the activation and execution of motor plans.    

 

Prosody 

Rate abnormality is a key factor in perceiving prosodic abnormality (Duffy, 

2005).  Speakers with AOS increase the duration and intensity of unstressed syllables, 

resulting in decreased perception of pitch variability in the overall speech (McNeil & 

Kent, 1990).  Acoustic studies found evidence of a flatter fundamental frequency curve 

during sentence production by speakers with AOS (Ryalls, 1982).  The increased stress 

on unstressed syllables results in the perception of syllable-by-syllable production and 

therefore prosody and stress neutralization across sentences (McNeil & Kent, 1990).  Not 

appropriately regulating stress patterns and duration of consonant and vowel sounds and 

interword pauses, imply motor planning and programming is simplified to single syllable 

production instead of using preprogrammed motor movements to fluidly produce words 

and phrases (Duffy, 2005).       

 

Articulation Deficits and Variability  

Acoustic studies measuring voice onset time (VOT) indicate deficits in the 

planning of signaling voicing distinctions (refer to Blumstein, Cooper, Goodglass, 

Statlender, & Gottlieb, 1980; Blumstein, Cooper, Zurif, & Caramazza, 1977; Hardcastle, 
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Morgan Barry, & Clark, 1985; Itoh & Sasanuma, 1984; Itoh et al., 1982; Seddoh, Robin, 

Sim, Hagemin, & Moon, 1996; Tuller, 1984).  Timing accurate onset of voicing for a 

vowel immediately following the production of a consonant requires activation of 

multiple speech production systems (i.e.: respiratory, laryngeal, articulatory) (Duffy, 

2005). Studies indicate incomplete vocal tract closure during stop consonants results in 

spirantization and the perception of fricatives for stop consonants (refer to Shinn & 

Blumstein, 1983; Weismer & Liss, 1991).   

Formant trajectories also are abnormal in speakers with AOS (Duffy, 2005).  A 

study measured abnormal first and second formant values during the production of the 

vowel /i/, indicating imprecise articulatory movements (Sussman, Marquardt, 

Hutchinson, MacNeilage, 1986).  Perseverative formant trajectory is also noted in 

connected speech, as formant transitions from one sound to the next are often similar 

(refer to Weismer & Liss, 1991).  Deficits in VOT and abnormal formant trajectories 

indicate inaccurate voicing and articulation. Variability of errors is noted across VOT, 

duration, coarticulation, and prosodic abnormalities (refer to Haley & Overton, 2001; 

McNeil, Liss, Tseng, & Kent, 1990; Ryalls, 1986; Ryalls, 1981; Seddoh et al., 1996; 

Weismer & Liss, 1991; Ziegler & von Cramon, 1986).   

 

Nondiscriminative Characteristics  

Characteristics that also can be observed in other disorders and cannot be used as 

the sole indicators in diagnosing AOS include articulatory groping, perseveration, 
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increasing errors with increasing complexity, difficultly with initiation, awareness of 

errors, superior automatic speech to propositional speech, and islands of error free speech 

(Wambaugh et al., 2006).  Fast or normal rate and normal prosody are labeled as 

exclusionary criteria for a diagnosis of AOS.   

Oromotor Characteristics of Apraxia of Speech: 

 

Left hemisphere pathologies that often cause the inability to produce volitional 

nonverbal oromotor movements such lingual protrusion, lip puckering, blowing, clearing 

the throat, and humming, are referred to as nonverbal oral apraxia (Mateer & Kimura, 

1977; Duffy, 2005).  Attempts to produce these movements, in nonverbal oral apraxia, 

appear effortful and inconsistent (Mateer & Kimura, 1977).  Approximately 48 to 85 

percent of patients with AOS present with nonverbal oral apraxia (McNeil, Doyle, & 

Wambaugh, 2000).  

 

Additional Characteristics 

 

Non-speech and non-oromotor characteristics are sometimes observed with AOS.  

Right-sided paresis results from damage to the frontal and parietal lobes of the left 

cerebral hemisphere (Duffy, 2005).  Spasticity, Babinski signs, and hyperactive stretch 

reflexes present on the right side of the body with damage to the pyramidal and 

extrapyramidal tracts of the upper motor neuron system in the hemisphere (Duffy, 2005).  

Limb apraxia is observed on both the right and left sides of the body and is characterized 

as a deficit in movement of the extremities that is not caused by weakness or 

incoordination (Haaland & Flaherty, 1984).  Considering Duffy‟s (2005) theoretical 
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model and the unique characteristics of AOS, constraint-induced language therapy 

(CILT) may prove to be an effective intervention for treating AOS in that CILT focuses 

on cortical reorganization at the motor output level.   
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Constraint-Induced Language Therapy 

Pulvermuller et al. (2001) introduced constraint-induced language therapy 

(CILT).  CILT is based on three principles: intensity, repetition, and specificity.  These 

principles are applied with time-intensive treatment of mass-practiced stimuli utilizing 

only the spoken modality of language.  CILT is derived from constraint-induced 

movement therapy (CIMT), which was introduced in 1981 (Taub, Uswatte, & Pidikiti, 

1999; Pulvermuller et al., 2001).  CIMT has been observed to increase motor movement 

in impaired upper and lower extremities of patients who had strokes (Taub et al., 1993; 

Taub, Uswatte, & Pidikiti, 1999).  Pulvermuller et al. (2001) suggested that language 

impairment, another sequela of stroke, may be treated by appropriately modifying and 

employing the basic tenets of CIMT.  

Patients with aphasia sometimes use alternate methods of communication that are 

less effortful than spoken modalities (Pulvermuller et al., 2001).  For example, drawing, 

gesturing, and using automatic verbal phrases are less effortful than verbally producing 

complex utterances.  The use of these alternative communication methods is presumed to 

lead to learned nonuse of the spoken modality of language, only exacerbating the chronic 

aphasia.      

Taub (2004) proposed a model for detailing the process of overcoming learned 

nonuse of a limb through CIMT.  CIMT consists of increasing motivation for the use of 

the affected limb by constraining the intact limb and providing positive feedback.  Over 

time, the experience-dependent cortical reorganization occurs and is strengthened with 
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subsequent use and practice, resulting in the reversal of learned nonuse of the impaired 

limb.   

 

Learned Nonuse 

Learned nonuse is developed within several different conditions that suppress the 

functions of the central nervous system (Taub, 2004).  After an injury to the central 

nervous system (i.e., cerebrovascular accident), cognitive and motor behaviors are 

impaired.  This leads to fruitless attempts to use the impaired structure, and the negative 

feedback results in learned nonuse of the structure.  Less effective compensatory 

behaviors can develop and be reinforced with the positive feedback from successful 

attempts.  Knapp, Taub, and Berman (1963) demonstrated the concept of overcoming 

learned nonuse in a research study in which forelimbs in monkeys were deprived of 

somatic sensation.    

The first constraint-induced therapy research involved the deafferentation of an 

upper extremity in primates, and then forcing the use of the injured limb by restraining 

the intact limb (Knapp, Taub & Berman, 1963).  Thirteen primates were divided into two 

groups: a conditioned group and a naïve group.  Before deafferentation, the conditioned 

group underwent shock training to learn the process of inactivating the shock using the 

limb that was going to be impaired.  Post-surgery, the primates were observed in a free 

situation in which no limb constraint was employed.  No purposive movement of the 

impaired limb was observed.  Then straightjackets were used to restrain nonimpaired 
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limb use during a conditioning situation.  Knapp, Taub, & Berman (1963) discovered that 

the thirteen primates progressively regained skilled movement function in the affected 

limbs during the conditioning situation over a period of two to six months after 

deafferentation.   

Taub (2004) detailed the reasoning for the observed behaviors.  Immediately after 

the deafferentation of the limb, the primates learned that use of the affected limb resulted 

in failure of an attempted activity.  The negative consequences from the unsuccessful 

attempts led to suppression of the behavior, and subsequently learned nonuse of the 

affected limb.  Instead, the primates learned to use the three other intact limbs in order to 

successfully carry out behaviors such as eating and walking.  Several months after 

deafferentation of the limb, movement of the intact limb was restricted, and the primates 

were forced to use the affected limb to carry out the necessary tasks for survival (i.e.: 

feeding, walking).  Over time, the deafferented limb regained strength and was used 

successfully, even when the intact limb was no longer constrained.  Decreased use of a 

structure leads to diminishing cortical representation areas within the brain, making the 

overall use of the impaired structure more effortful and again leading to learned nonuse.   

 

Experience-Dependent Brain Organization  

Taub (2004) stated that the occurrence of learned nonuse coupled with cortical 

area contraction intensify both phenomenon of learned nonuse and experience-dependent 

brain organization.  Experience-dependent brain organization may therefore explain how 
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learned nonuse of a body structure or function becomes permanent. Nudo, Wise, 

SiFuentes, and Milliken (1996) demonstrated that the cortical area surrounding a lesion 

was reorganized to perform the function of the damaged area after receiving constraint-

induced therapy.  Furthermore, Taub (2004) demonstrated a contraction in cortical area 

after an untreated period of nonuse of damaged limbs in patients with chronic stroke.  

Experience-dependent brain organization has also been shown for speech production 

(Neumann et al., 2005).   

Neumann et al. (2005) examined brain activation in participants with persistent 

developmental stuttering before and after fluency shaping therapy.  Before therapy, the 

middle frontal cortex of the right hemisphere was abnormally over activated during 

speech production compared to people who do not stutter as observed with fMRI.  Post-

treatment fMRI data indicated a shift in activation to the language areas of left 

hemisphere during speech production including the inferior frontal cortex, the insula, and 

the superior and transverse temporal gyrus.  The shift in activation to the left insula and 

inferior frontal cortex (two locations lesions typically occur when AOS is present) during 

speech production possibly indicates cortical reorganization of the motor planning and 

programming areas and not mere behavioral changes occurred after fluency shaping.  

Fluency shaping techniques force specific behavioral changes during speech production 

(i.e.: slow rate), and can possibly be related to the forced behavioral changes of using 

verbal speech production during CILT.  
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Efficacy of Constraint-Induced Movement Therapy 

Ostendorf and Wolf (1981) integrated the learned nonuse theory observed in 

primates to individuals with hemiplegia resulting from a cerebrovascular accident.  They 

noted that perhaps the nonuse of the impaired limb was not caused solely by functional 

motor deficits, but instead was related to repeated, effortful unsuccessful attempts to 

move the impaired limb therefore resulting in learned nonuse.  A case study of an 

individual with right hemiplegia 18 months post left cerebrovascular accident 

investigated the effects of constraining the nonimpaired upper extremity in a shoulder 

sling.  The participant was to perform purposeful daily activities for one week with the 

impaired upper extremity.  At the completion of the experiment, the participant had 

regained function in the impaired limb to perform functional tasks such as writing, 

lighting a cigarette, and ironing.  Ostendorf and Wolf (1981) concluded that the increase 

in functional use of the impaired limb provided encouragement of continued use of the 

limb after the constraint was removed.       

Since this original case study, the application of constraint-induced movement 

therapy has resulted in regaining upper extremity use after a cerebrovascular accident 

across multiple studies (Wolf, Blanton, Baer, Breshears, & Butler, 2002).  A critical 

review of constraint-induced movement therapy (CIMT) literature found 22 studies 

resulting in improvement in functioning of impaired limbs after stroke (Wolf et al., 

2002).  Sample sizes ranged from one to 66 participants, with the majority of studies 

composed of less than ten participants.  All twenty-two studies evaluated the 
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effectiveness of constraining the non-impaired upper extremity, and thus forcing use of 

the impaired limb.  Treatment focused on intensive, repetitive practice with the impaired 

upper extremity to complete functional daily tasks.  More recently a large randomized 

control study more strongly supported the efficacy of CIMT (Wolf et al., 2006). 

A prospective, randomized controlled study with 222 participants who suffered a 

stroke was completed to compare the effects of CIMT versus traditional intervention 

method to improve upper extremity functioning (Wolf et al., 2006).  The participants 

received either CIMT for two weeks or traditional treatment for one year.  At twelve 

months post-intervention, results indicated a significant between-group difference in 

upper-extremity functioning as demonstrated on standardized tests.  On the Wolf Motor 

Function Test Performance Scale (Wolf, Lecraw, Barton, & Jann, 1983), mean time to 

perform an activity decreased 34% more for the CIMT group (P < .001).  On the Motor 

Activity Log Amount of Use Scale (scale from 0 to 5) (Taub et al., 1993), the CIMT group 

increased by .48 points (P < .001) more than the traditional treatment group.  The results 

from this randomized control study support the findings from smaller-scale studies that 

CIMT is an effective treatment for improving upper-extremity functioning after stroke.  

Furthermore, transcranial magnetic stimulation (TMS) has aided in confirming the 

theoretical background that CIMT has an active role in motor cortical reorganization.  

Liepert, Graef, Uhde, Leidner, and Weiller (2000) completed TMS on nine 

individuals with stroke-induced hemiparesis.  Results of the TMS indicated significantly 

smaller cortical motor output areas in the damaged hemisphere, as compared to the 
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nondamaged hemisphere.  After participants completed one hour of CIMT, TMS images 

indicated increased size of the cortical motor output area.  Liepert et al. (2000) concluded 

CIMT resulted in experience-dependent cortical reorganization.  The positive results 

from CIMT research created interest in constraint-induced therapy to treat other impaired 

functions after stroke (Cherney, Patterson, Raymer, Frymark, & Schooling, 2008).         

   

Efficacy of Constraint-Induced Language Therapy 

Constraint-induced language therapy (CILT) is derived from constraint-induced 

movement therapy in that its theoretical background is based on the experience-

dependent model of brain plasticity (Kleim & Jones, 2008).  Pulvermuller et al. (2001) 

noted that motor behavior changed in individuals with chronic stroke after CIMT and 

suggested that language impairment, another sequela of stroke, may also be treated by 

employing the basic principles of CIMT.  The authors theorized that language cortical 

areas may have the potential to change and be remedied by a constraint-induced 

treatment.   

Similar to the learned nonuse of motor functions of limbs observed after stroke, 

Pulvermuller et al. (2001) hypothesized that individuals with aphasia have learned nonuse 

of verbal speech production.  Individuals with aphasia choose to use compensatory 

strategies, such as gestures or writing, instead of verbal communication as these 

communication channels are more easily accessible and require less effort than speech 

output.  Even rote, automatic verbal production used by individuals with aphasia can lead 
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to learned nonuse of more difficult utterances.  Therefore, Pulvermuller et al. (2001) 

focused CILT on three principles: intensity, repetition, and specificity.  These principles 

are applied with time-intensive treatment of mass practiced stimuli including words and 

phrases that speakers with aphasia usually neglect and utilizing only the spoken 

modalities of language.  The efficacy of CILT to treat language impairment has been 

shown in several studies. 

 

Pulvermuller et al. (2001)  

Pulvermuller et al. (2001) studied 17 participants with left cerebrovascular 

accidents resulting in chronic aphasia.  Participants were randomly assigned to a control 

group receiving conventional aphasia treatment or an experimental group receiving 

CILT.  Conventional therapy was administered over three to five weeks, averaging 33.9 

hours per participant, and CILT was administered at a frequency of three hours per day 

for ten days, averaging 31.5 hours per participant.  CILT tasks included barrier activities 

in which participants with various aphasia types were required to request pictures 

depicting objects from other participants solely via verbal communication.  Additional 

constraints were added in that some objects required very specific adjectives (i.e.: colors) 

or articulation (minimal pairs were used) in order to obtain the desired picture.  After 

treatment, participants receiving CILT showed significant gains in language subtest 

scores on the Aachen Aphasia Test (AAT) (Huber, Poeck, & Weniger, 1984) and 
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improvement in overall verbal communication as demonstrated on the Communication 

Activity Log questionnaire (Pulvermuller et al., 2001).   

 

Meinzer et al. (2004) 

Meinzer et al. (2004) studied 28 participants with left cerebrovascular accidents 

resulting in chronic aphasia.  All participants received language therapy at a frequency of 

three hours per day for ten days, averaging 30 hours per participant.  Participants were 

assigned to a CILT control group and a comparison group receiving traditional aphasia 

therapy.  CILT tasks were modeled after those in Pulvermuller et al. (2001), and no 

information was given regarding treatment for the comparison group, a weakness of the 

study.  After treatment, both groups showed significant gains on the AAT profile score 

(Huber et al., 1984) and the Token Test (Di Renzi & Vignolo, 1962).  Meinzer et al. 

(2004) hypothesized that the intensive, massed practice treatment as opposed to the 

forced use of verbal expression leads to experience-dependent cortical reorganization.   

 

Pulvermuller, Hauk, Zohsel, Neininger, and Mohr (2005) 

Pulvermuller et al. (2005) studied nine participants with left cerebrovascular 

accidents resulting in chronic aphasia.  All participants received constraint-induced 

aphasia therapy (CIAT) at a frequency of three hours per day for ten days, averaging 31.3 

hours per participant.  CIAT tasks were modeled after those in Pulvermuller et al. (2001).  

Post-treatment electroencephalograms (EEG) indicated increased brain activity during a 
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lexical decision task in which participants were to distinguish between real words as 

opposed to phonologically and orthographically similar nonsense words.  The 

investigators hypothesized that the increased brain activity noted on only real words 

indicates strengthening of impaired neuronal pathways for accessing lexical storage.    

 

Meinzer, Djundja, Barthel, Elbert, and Rockstroh (2005) 

Meinzer et al., (2005) studied 27 participants with left cerebrovascular accidents 

resulting in chronic aphasia.  All participants received constraint-induced aphasia therapy 

(CIAT) at a frequency of three hours per day for ten days, averaging 30 hours per 

participant.  CIAT tasks were modeled after those in Pulvermuller et al. (2001).  An 

additional component of daily homework with family members was included for fifteen 

of the participants (CIATplus).  After treatment, both groups showed significant gains on 

the AAT profile score (Huber et al., 1984) and improvement in overall verbal 

communication as demonstrated on the Communication Activity Log questionnaire 

(Pulvermuller et al., 2001).  

 

Maher et al. (2006) 

Maher et al. (2006) studied nine participants with left cerebrovascular accidents 

resulting in chronic aphasia.  Participants were assigned to a CILT control group and a 

comparison group receiving “Promoting Aphasic Communicative Effectiveness” (PACE) 

therapy (Davis & Wilcox, 1985).  All participants received CILT at a frequency of four, 
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three-hour sessions per week for two weeks, averaging 24 hours per participant (Maher et 

al 2006).  CILT tasks were modeled after those in Pulvermuller et al. (2001).  PACE 

participants used multiple modalities to communicate, including writing and gesturing.  

Both groups showed significant gains on the Western Aphasia Battery (Kertesz, 1982), 

Boston Naming Test (Kaplan, Goodglass, & Weintraub, 2001), and the Action Naming 

Test (Nicholas, Obler, Albert, & Goodglass, 1985).  However, three CILT participants 

and one PACE participant improved by five points or more on the Western Aphasia 

Battery Aphasia Quotient (Kertesz, 1982).  The PACE participant with the most 

improvement used primarily the verbal communication modality throughout therapy.    

 

Kirmess and Maher (2010) 

Kirmess and Maher (2010) studied three Norwegian participants (HP, FOT, and 

GA) less than 60 days post-stroke receiving CILT for ten days, totaling 20 to 30 

treatment hours per participant.  All three participants suffered left cardiovascular 

accidents.  The first participant, HP (an 89 year-old female), was non-fluent and had 

severe AOS.  FOT, a 43 year-old male, had severe anomia without AOS.  GA was a 68 

year-old male with severe expressive and receptive aphasia, severe AOS, and severe 

dysphagia.  Treatment was conducted in an acute care rehabilitation hospital.   

The structure of the treatment sessions was similar to Pulvermuller et al. (2001).  

Card activities based on „go fish‟ were used with visual barriers between participants.  
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The cards acted as stimuli and were composed of four complexity levels, each level 

requiring longer carrier phrases and a more detailed description of the stimuli.   

All three participants improved in expressive language output as evidenced by 

within group effect sizes of 0.75 or greater on four speech production subtests of naming 

(Norwegian Basic Aphasia Test) (Reinvang, 1985) verbal speech production tasks (CILT 

baseline), sentence construction (Verb and Sentence Test) (Bastiaanse, Lind, Moen, & 

Gram Simonsen, 2006), and naming frequency (Psycholinguistic Assessments of 

Language Processing in Aphasia) (Kay, Lesser, & Coltheart, 1992).  On the post-test, 

scores increased an average of 5.1 percent to 23.3 percent from the pre-test.  Analysis of 

conversation indicated an increase in words per minute by HP (28 percent increase) and 

FOT (48 percent increase), and an increase in perceived intelligibility for GA.    

Receptive measures of verbal comprehension, reading comprehension, and written output 

revealed changes of -0.6 percent to 4.4 percent.  The Copenhagen aphasia study by 

Pedersen, Vinter, and Olsen (2004) found no significant difference in recovery patterns 

across all areas of impairment during spontaneous recovery.  The difference between 

receptive and expressive scores in the Kirmess and Maher (2010) study suggest that the 

constraint therapy accounted for overall gains instead of spontaneous recovery. 

 

Methodological Problems 

Positive improvement in language measures after CILT was observed in all six 

studies (Cherney et al., 2008; Kirmess & Maher, 2010).  The main methodological 
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problem noted was the experimental design of the studies (Cherney et al., 2008).  The 

research was composed of case studies (Meinzer et al., 2004; Pulvermuller et al., 2005; 

Kirmess & Maher, 2010), and controlled trials (Maher et al., 2006; Meinzer et al., 2005; 

Pulvermuller et al., 2001) with small number of participants (ranging from three to 27) 

among all studies (Cherney et al., 2008).  Pulvermuller et al. (2001) was the only study to 

practice blinding and randomization, and Maher et al. (2006) was the only study that 

evidenced treatment fidelity (Cherney et al., 2008).  Only one study (Kirmess & Maher, 

2010) evaluated acute aphasia, including participants less than two months post-onset.  

Meinzer et al. (2005) was the only study to address long-term effects, noting maintenance 

six months after therapy was completed.   

Cherney et al. (2008) commented that the results from the CILT studies are 

similar to those found in other aphasia treatments that focus on intensity and not 

constraint, making it difficult to parse out whether it was the forced use of verbal 

language or the time-intensive treatment that caused the improvement in language skills.  

No studies have been completed that test the impact of constraint without intensity, and 

future research is needed to determine the efficacy of CILT compared to other treatments 

for aphasia and in other communication domains (Cherney et al., 2008; Kirmess & 

Maher, 2010). 
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Evidence for Using Constraint-Induced Language Therapy 

to Treat Apraxia of Speech 

The theoretical background for constraint-induced movement therapy (CIMT) is 

based on the experience-dependent model of brain plasticity for improvement of motor 

movement (Kleim & Jones 2008).  Constraint-induced language therapy (CILT), a 

derivative of CIMT, therefore is more synonymous for treating apraxia of speech (AOS), 

a speech motor programming disorder, than aphasia, a neurogenic language disorder.   

As demonstrated in studies investigating CIMT, impaired areas of the brain need 

stimulation to regain lost functions (Kirmess & Maher, 2010).  Using compensatory 

strategies for communication, such as gestures, uses different neural pathways than those 

used for verbal communication (i.e., speech output).  The alternate communication modes 

are easier to access than speech, therefore resulting in “learned non-use” of speech 

production (Taub, Uswatte, Mark, & Morris, 2006).  The use of compensatory strategies 

may hinder the reorganization of specific speech output functions, specifically 

preprogrammed movement sequences.  CILT focuses on limiting communication to 

verbal output, thus not allowing for learned nonuse (Pulvermuller et al., 2001).  

Traditional treatment for AOS focuses on restoring preprogrammed movement 

sequences and the pathways that retrieves the sequences and activates the movements of 

the speech musculature (Duffy, 2005).  According the Duffy (2005) “systematic intensive 

and extensive drill is necessary to regain or relearn lost speech skills” (p. 512).  Many 

behavioral-based interventions for AOS share the characteristics of specificity of stimulus 
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selections and intensive drill.  Similarly, CILT is based on intensity, repetition, and 

specificity (Pulvermuller et al., 2001).   

There are several basic principles of effective treatment for motor speech 

disorders that correlate with the principles of CILT.  First, the structure of CILT sessions 

is similar to those proven effective for treatment of AOS.  Each session usually lasts for 

about 45 minutes to an hour and a half two to three times a day for ten days (Pulvermuller 

et al., 2001; Kirmess & Maher, 2010).  Drill is a highly emphasized component of CILT 

and is proven effective for patients with AOS in that multiple, brief sessions each day 

lead to improved speech (Duffy, 2005).     

Darley, Aronson, and Brown (1975) determined that during the therapy session, 

speech needs to be conscious in that the speaker is fully engaged in monitoring the 

listener‟s understanding of the message.  In CILT, the speaker must accurately convey 

the message in order to achieve the desired outcome during the barrier activities (refer to 

Pulvermuller et al., 2001, for a more comprehensive explanation of the method).   

Furthermore, when the patient independently determines how to achieve the desired 

outcome during therapy, there is more generalization of the learned skill (Wertz, 

LaPointe, & Rosenbek, 1984).   

CILT combines several aspects of the most common and effective AOS treatment 

approaches. The Eight-Step Continuum is similar to CILT in that the desired elicited 

response in CILT gradually increases in difficulty and length.  For example, CILT begins 
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with single word naming and is followed by producing questions of increasing 

complexity (Kirmess & Maher, 2010).    

Sound Production Treatment focuses on the use of minimal pairs in order to 

ensure “the refining of the movement patterns necessary to distinguish among minimally 

different sounds” especially when “the errors are due to a movement programming 

disorder” (Duffy, 2005, p. 515).  Likewise, Pulvermuller et al. (2001) made use of 

minimal pairs in CILT.  Target stimuli were composed of minimal pairs (i.e.: sock/rock) 

to impose a constraint of difficulty, requiring precise articulation of the target word to 

achieve the desired outcome.   

In order for CILT to address the specific needs of AOS, the stimuli should be 

ordered based on the typical error patterns observed in AOS.   According to Duffy 

(2005), the difficulty of the stimuli should be ordered as follows: 

1. automatic speech  

2. words with oral/nasal distinctions (as opposed to voicing, manner, and place 

distinctions) 

3. words with bilabial and alveolar places of articulation 

4. single consonants as opposed to clusters  

5. high-frequency, meaningful words 

6. single syllable words 

7. accompanying visual and auditory cues 

8. stressed words  
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The results from Kirmess and Maher (2010) should be interpreted cautiously, as 

the research is a case study in which only within-group effect sizes were reported.  

However, according to evidence-based practice, clinician expertise is also considered 

when deciding effectiveness of treatment approaches (Gillam & Gillam, 2006).  

Constraint-induced language therapy has the potential to be a successful approach in 

managing AOS, and future research should focus on the effect of CILT within the 

domain of speech disorders (Kirmess & Maher, 2010).   
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Conclusion 

Constraint-induced language therapy has not been evaluated for treating acquired 

apraxia of speech.  A case study in which two participants with aphasia and AOS made 

improvement in overall speech intelligibility has led to the discussion of the possible 

efficacy for CILT to treat AOS (Kirmess & Maher, 2010).  Future research employing 

rigorous experimental standards is needed to determine whether CILT is not only 

effective in treating AOS but also cost-effective in the current health care model 

(Cherney et al., 2008).    
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