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ABSTRACT
This paper is presented as a tribute to Dr. Einer Boberg who
advanced the study of stuttering through both his clinical and
research contributions, The focus of the manuscript is related
to how our studies of this fluency disorder utilizing functional
neuroimaging techniques can shed more light on its neural
substrates and the implication that these studies have concerning the clinical application of our therapeutic methods In the treatment of stuttering. The paper offers a review of both our clinical
treatment methodology for stuttering as well as a synopsis
of our current findings utilizing functional neuroimaging analysis, specifically positron emission tomography (PET), to investigate differences between stuttering and nonstuttering
populations during silent and oral reading tasks and in stuttering individuals before and after behavioural treatment. The PET
studies reported here form part of an ongoing project aimed at
investigating the neural bases of long-term changes in speech
fluency in stuttering subjects.

ABREGE
Ce memoire est presente en I'honneur du or Einer Boberg qui a
assure I'avancement de la recherche sur le begaiement grace a
ses contributions en clinique et par la recherche. L'accent du
manuscrit est mis sur la maniere dont nos recherches sur ce
trouble de la fluidite en utilisant les techniques de neuroimagerie
fonctionnelle peut leter de la lumiere sur ses substrats nerveux
et les incidences qu'ont ces recherches sur I'application clinique
de nos methodes tMrapeutiques de traitement du begaiement.
Le memoire offre a la fois une revue de notre methodologie de
traltement clinlque du begaiement et un synopsis de nos
conclusions recentes a partir d'analyse par neuroimagerie
fonctlonnelle, en particulier par tomographie par emission de
positrons (TEP), pour etudier les differences entre les populations
begayantes et non begayantes au cours de seances de lecture
silencieuse ou de lecture orale, ainsi que chez
les begues, avant et apres le traitement du comportement. Les
etudes TEP dont iI est icl question representent une partie d'un
projet continu vlsant iI etudier les fondements neuraux des
changements it long terme de la fluldlte de la parole chez
lesbegues.
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r, Einer Boberg, during his illustrious career, was
an individual who truly epitomized what our disci
pUne of speech-language patbology is all about, His
interest in stuttering led him to develop and refine
treatment programs which are empirically based and well accepted by the professional community. Moreover he was a true
scientist. His research was directed at uncovering some of the
mysteries of stuttering and the changes that come about in individuals who have undergone treatment, It is with this framework in mind that we are honoured to have been asked to submit
this synopsis of our work as part of this tribute journal issue to
Dr. Boberg.
Dr. Boberg's clinical work involved the development of a
behavioural program for fluency enhancement called the Com-
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prehensive Stuttering Program (CSP), Furthermore, the clinical issue of fluency maintenance was always a critical area that
was addressed constantly by him through his publications and
conferences that he sponsored. His research, among other things,
pointed to the neural basis for stuttering and led many of us to
continue these lines of investigation.
This paper will attempt to bring the science and clinical
treatment of stuttering closer together, in a fashion similar to
how Dr. Boberg conducted his work. It will address clinical
aspects of stuttering and will outline how we have attempted to
treat the problem in our clinical environment, Following this,
we will examine the neural basis of tbe disorder and summarize
our own recent attempts at unraveling some of the questions as
to the nature of stuttering. Our ultimate objective in writing
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this paper is two-fold: First, to pay tribute to a truly remarkable
researcher/clinician-Dr. Einer Boberg; and second, to explore
the impact that current research in stuttering using functional
neuroimaging can have on our work with individuals who stutter.
Some Issues in Clinical Intervention
Various approaches to clinical intervention for stuttering can
be roughly characterized along a continuum from stuttering
modification to fluency shaping techniques (Peters & Guitar,
1991). We will briefly describe these two approaches as they are
relevant to the discussion of our research findings.
Treatment Approaches
The first of these therapy approaches, generally known as
stuttering modiHcation, typically deals more directly with the
psychological aspects of the problem, in addition to modifYing
speech behaviour (Breitenfeldt & Lorenz, 1989; Van Riper,
1973). In other words, the attitudes, feelings, and emotions
that are displayed by the individual who stutters are addressed
very explicitly in therapy and, often, are focused on before an
attempt is made to change speech behaviour. Moreover, these
treatment procedures employ various techniq ues directed at selfacceptance, attitude change, and avoidance and anxiety reduction.
The second major therapy approach, generally labeled fluency shaping, primarily involves the modification of the stuttering response to fluent sounding speech by the application of
systematic steps and rules of speech mechanics (Webster, 1974;
Costello Ingham, 1993). In general, these approaches deal primarily with observable behaviours; attitudinal and cognitive
aspects are not dealt with specitlcally during treatment. In this
framework, therapy procedures attempt to reconstruct the respiratory, phonatory, and articulatory gestures used in speech
production. We think it's safe to say that, in practice, the approach used by many clinicians falls somewhere between these
two extremes.
Therapy formats for adults who stutter have been intensified and several major stuttering treatment programs now offer
full day treatment approaches administered in blocks of several
weeks. One such model of treatment was first introduced at the
Clarke Institute by one of the present authors and is based on
the Precision Fluency Shaping Program (Leibovitz & Kroll,
1980). This intensive, three-week treatment is based upon the
premise that stuttered speech can be replaced by easier, more
fluent speech patterns by systematically altering such behaviours as speech rate, respiration, voice onset, and articulation.
Incorporated within the program is a series of procedures that
target the establishment of precise fluency skills within the clinical setting. After a period of consolidation, these newly ac-
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quired speech skills are then gradually and systematically transferred to everyday, naturalistic settings. Also incorporated within
the program are exercises focusing on self-talk or covert thinking as pertaining to effective mental preparation for communication. Program participants are trained in both the application
of the fluency skills as well as the proper mental or cognitive set
as they set out to transfer their newly acquired speech patterns
(Kroll, 1991). Posnreatment and long-term outcome data pertaining to this program of fluency management have been reported elsewhere (De Nil & Kroll, 1995).
It can be noted that this treatment program combines elements of both stuttering modification and fluency shaping approaches. Years of clinical experience have led us and other
fluency specialists to understand that effective treatment tor stuttering must incorporate procedures that deal with both the problem as a whole as well as the physical manifestations of the
disorder. The individual who successfully completes treatment
learns to modifY both the attitudinal, cognitive, as well as the
behavioural components of the speech problem. It is only by
offering full and comprehensive programs, including long-term
maintenance assistance, that individuals who stutter will be provided with effective forms of relief.
It has been reported that a signitkant number of individuals will often exhibit either partial regression or even total relapse of stuttering without the continued practice of speech skills
following treatment (Boberg, 1981; Hanna & Owen, 1977;
Ingham, 1984). Current therapies report success rates ranging
from 60 to over 90 percent when the sole dependent variable is
perceived fluent sounding speech immediately following treatment. It has been acknowledged however that successful stuttering treatment outcome should be measured using at least the
following three elements: (a) the treatment has produced a
nificant positive change in speech output, (b) the change has
generalized across speaking situations, and (c) the change is
maintained over time.
For a number of clients, maintenance of fluency skills has
proven to be difficult. Indeed, so many published reports addressing treatment outcome invariably point to signitlcant and
varying numbers of individuals who experience diftlculries with
generalization of the learned skills or else who ultimately demonstrate relapse of stuttering after a period of time (Bob erg,
1981). Therefore, one of the questions that arises is why we
cannot be equally effective tor all those who enter our clinics
with the goal of complete or near complete establishment of
long lasting tluency skills?
In an attempt to tind an answer to this question, we are
currently engaged in research and clinical efforts directed at
optimizing maintenance of tluent speech in the post treatment
environment. As part of this effort, using modern functional
neuroimaging methods, we have set out to more fully examine
some of the neural characteristics of those attending our clinic.
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Before summarizing the details of our research, we must necessarily make our case for viewing stuttering from the perspective
of its neural basis. Let us go back to the beginning, byexamining some of the basic characteristics of stuttering, and by revisiting some of the speculations regarding the neural factors
underlying these characteristics.
Characteristics ofStuttering
Stuttering represents a complex multidimensional condition
in which the flow of speech or fluency is disrupted by involuntary speech motor events. Stuttering may include a variety of
specific disfluency form-types such as audible or silent sound
and syllable repetitions, sound prolongations, dysrhythmic
phonations, complete blocking, and/or unusual pauses between
sounds and syllables of words. Accessory or secondary features
frequently accompany instances of stuttering. These secondary
behaviours may be observed at the respiratory, phonatory, or
articulatory levels of the speech mechanism and may manifest
themselves in disordered breathing, glottal fry, or lip pursing
and tongue clicking. Additional concomitant behaviours may
be observed such as eye blinks, facial grimacing, head jerks, and
abnormal body movements prior to or during instances of disrupted speech.
Linguistic and situational avoidance behaviour is often an
observable characteristic of confirmed stuttering. Most adults
who stutter will report specific sounds or words that result in
increased stuttering. Many often will scan the intended utterance in order to predict stuttering and will attempt to avoid
such disruption by substituting words, revising phrases, circumlocution, or stopping the entire communicative process. Such
reports of frequent scanning behaviour and attempts to predict
specific phonemic and lexical loci of stuttering are often encountered in clinical situations. In addition, situational avoidance is often characteristic of chronic stuttering and severity of
stuttering often varies with the characteristics of the communicative situation.
Explanatory Models
Researchers and clinicians working in the area of stuttering
generally recognize that the cause of stuttering is complex. Over
the years, many different explanatory models of stuttering causation have been proposed (Curiee & Siege!, 1997). One of the
more persistent themes in several of these models has been that
stuttering may be related to atypical brain processes involved in
speaking. As early as 1928, Orton and Travis offered a neurophysiological model of stuttering (Orton, 1928; Travis, 1978).
It arose from the observation that an unusually high number of
individuals who stuttered were either left-handed or ambidextrous. They speculated that stuttering resulted from incomplete development of hemispheric dominance quite often related
to a forced shift of handedness in childhood. Although the

early model proposed by Orton and Travis was not supported
experimentally, the idea that atypical cerebrallateralization for
speech somehow plays a role in stuttering has received varying
amounts of support over the years. In part due to advances in
the development of electrophysiological and neuropsychological techniques and paradigms, the idea of atypicallateralization
has been revived in more recent etiological models, such as those
proposed by Moore (1984) and Webster (1997).
In a landmark study of the distribution of EEG alpha power
in stuttering, Einer Boberg and his colleagues added to the experimental evidence in this area by demonstrating that pre-treatment, most cortical electrical activity was located in the right
hemisphere (Boberg, Yeudal!, Schopflocher, & Bo Lassen, 1983).
Following intensive behavioural treatment, they observed that
this activity shifted towards the left posterior frontal cortex in
individuals who stutter. The authors offer a theory of shifting
inhibitory control over each of the hemispheres to explain differences in cortical and subcortical control before and after treatment.
In our most current research, we have attempted to shed
more light on the issue of atypical lateralization in stuttering
using recently developed functional neuroimaging techniques.
In the following section, we will summarize our main findings
to date after reviewing some of the basic principles underlying
this technology.

Procedures for Functional Brain Imaging
While noninvasive structural neuroimaging techniques have
been around since the beginning of our century, the last decade
has witnessed an explosive development of functional brain
imaging techniques. In contrast to conventional neuroimaging
techniques, such as Computerized Axial Tomography (CAT)
and Magnetic Resonance Imaging (MRI), that are used to assess the anatomical integrity of the neural system, functional
techniques provide images of the neural activity that take place
during task performance. The various tasks that can be investigated using functional neuroimaging are limited only by the
researcher's creativity and experimental sophistication; and indeed, this creativity has been virtually limitless. Over the last
few years, research has been published on language and speech
processing (Bahn et aI., 1997; Friberg, 1993), auditory processing (Binder et aI., 1994; Fiez et al.,1995), memory (Cabeza et
aI., 1997; Perani, 1998), motor tasks (Jenkins & Frackowiak,
1993; Rossini et aI., 1998), vision (Grady et al., 1997), normal
and disordered thought processes (Renshaw et aI., 1997; Volz
et aI., 1997), and phobias (Reiman, 1990) among many other
topics. The amount of data that has been generated using these
techniques during this period has been truly staggering, to the
extent that it has led to the establishment of several new scientific journals dedicated specifically to functional neuroimaging
(such as Human Brain Mapping and Neuroimage). In addition,
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many other articles are being published in the more established
scientific journals such as Brain, Neuroreport, Journal ofCognitive Neuroscience, and Neurology.

Positron Emission Tomography
One of the first functional imaging techniques whose merit
in studying the dynamic nature of the human nervous system
was quickly recognized by neuroscientists is positron emission
tomography (PET). This technique allows researchers to measure biochemical changes in the brain that occur either spontaneously or when subjects are engaged in performing a specific
task. The underlying physical and physiological principles for
PET scanning are quite complicated and have been described
in various other sources (Roland, 1993). However, in order to
allow interested readers to understand the strengths and weaknesses of PET for the study of stuttering, we will attempt to
provide a brief and nontechnical review of the basic concepts of
this technique.
All neural activity that occurs in the human brain is associated to some extent with metabolic changes. Typically, as the
activity increases, so does the metabolic rate. Consequently,
observing these metabolic changes would provide us with a measure of the extent to which certain parts of the brain are more or
less active during a given task. Positron emission tomography
will allow us to do that. Studies that are of interest to the understanding of stuttering are typically based on some measure
of change in regional cerebral blood flow (rCBF). Such change
is used as an indication of increasing or decreasing metabolic
need in the brain. In most studies, a small quantity of a radioactively labeled tracer, such as [15 0]H 10 (radioactively labeled
water), or 18FDG (radioactively labeled fluoro-deoxyglucose),
has been injected in the bloodstream of the volunteer subject.
By measuring the distribution of these tracers in the brain over
time, using cameras that are sensitive to the gamma rays that
are emitted by the radioactive tracer, researchers obtain a measure of oxygen or glucose consumption, respectively. Currently,
most functional neuroimaging studies of language have been
done using [J5 0]H 20 as tracer. The relatively short half-life
(approximately two minutes) of this compound allows researchers the best (although not optimal - see following discussion)
temporal resolution for the study of various cognitive and sensorimotor processes during language formulation. Furthermore,
the short half-life and the small dose of tracer needed during
each injection provide the opportunity to obtain multiple scans
during a single experimental session. This allows researchers to
investigate and compare variations in neural activity during a
number of different experimental tasks, or during several repetitions of the same task, during an experimental scanning sessIOn.
Although PET scanning has proven to be an effective and
powerful tool for the investigation of neural activation during
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task performance, it has a number of disadvantages in the study
of human behaviour. First of all, the level of localized neural
activation that is related to the task under investigation often is
only slightly (approximately 3-5%) above the overall background
activation that is going on in the brain as a whole. Consequently, for many cognitive tasks, including language processing, it is very difficult, and often impossible, to detect these
changes in individual subjects. Therefore, investigators increase
the power of their observations by averaging neural activation
in a number of different individuals performing the same task(s}
(Friston, 1995). If the localization of neural activation across
the different subjects is relatively consistent, averaging the signal will magnify this activation while neutralizing the background activation. Unfortunately, averaging does mask any
interindividual differences in neural activation during task performance that may be present among the subjects (Steinmetz &
Seitz, 1991).
A second disadvantage of PET scanning is the need to inject
a radioactive tracer in the blood stream in order to measure
metabolic changes in the brain. Although the amount of exposure to radioactive material is well below the maximum level
considered to be safe, it does impose limits on its potential for
use with young children, or on the number of times subjects
can participate in such experiments. The latter limitation is
especially important when repeated scans obtained at various
intervals may be necessary or desirable, such as in studies of
treatment effects on neural activation patterns.
A third limitation of PET studies has to do with the temporal resolution of the data obtained. Although radioactively
labeled water has a relatively short half-life of approximately
two minutes, the temporal resolution obtained in these studies
typically is between 45 seconds and 1 minute. This poses difficulties for the measurements of cognitive processes that otten
occur in the order of milliseconds rarher than seconds. In an
attempt to overcome this problem, several researchers are currently exploring the possibilities of combining PET scans, which
provide good spatial resolution but weaker temporal resolution,
with e1ectrophysiological measurement techniques, that provide
good temporal but weaker spatial resolution (Rossini et al., 1998;
Srippich er al., 1998).

Functional Magnetic Resonance lmaging
In addition to positron emission tomography, functional activation in the human brain can be investigated using functional magnetic resonance imaging (fMRI). In recent years,
this technique has become the method of choice for the study
of many cognitive processes in humans (Binder, 1997; Coull,
1997). One reason for this is that fMRI images are obtained by
measuring changes in rhe magnetic characteristics of hydrogen
protons that are naturally and abundantly present within the
body. Therefore, there is no need to inject a radioactive tracer
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in order to measure metabolic rate. Participants can be scanned
for longer periods of time and there is, in principle, no limit to
how often participants can be scanned within a given time period. However, the need to introduce strong, rapidly alternating electromagnetic waves during scanning results in a significant
noise level in the scanner (up to 90dB) which can be quite uncomfortable for some subjects. Such noise also creates special
challenges for tasks involving auditory presentation of experimental stimuli. Another serious problem in fM:RI is its sensitivity to movement artifacts. This can pose serious problems,
for instance, in tasks that require the subject to speak out loud.
Recent developments in signal analysis and event-related paradigms hold the potential to reduce or even eliminate the influence of movement artifacts during tasks which require short
verbal responses from participants (Josephs, Turner, & Friston,
1997). However, longer speech utterances, or the presence of
external movements during speech (such as tremor-like head
movements during stuttering), still pose serious analysis problems, which probably explain why at present no fM:RI studies
on stuttering have been published. However, because of the
advantages offered by fM:RI, we are currently using this technique in our laboratory to study cognitive and motor brain processes in people who stutter.

Other Techniques
At present, PET scanning and fM:RI are two of the most
widely used functional neuroimaging tools used for the study of
human language and cognition. A number of other techniques,
such as Magnetic Encephalography (MEG), are being used or
developed which provide valuable data that compliment PET
or fM:RI (Stippich et al., 1998). Undoubtedly, deeper and better understanding of the functions of the human brain will come
from multi-methodological investigations that combine various
techniques in such a way that their individual strengths compliment each other to yield data on neural functions that neither
would be able to provide in isolation.

Functional Neuroimaging Studies of Stuttering
To date, a small number of investigators have used functional brain imaging methods in an attempt to test the presence
of atypicallateralization in stuttering speakers. The first functional neuroimaging study using measures of changes in regional
cerebral bloodflowwas reported on by Wood and Stump (1980).
Asymmetrical blood flow during stuttering was observed in Broca's (right> left) and Wernicke's area (left> right). Fluent speech,
following administration of haloperidol, resulted in a reversal
of the blood flow pattern in Broca's area (left> right), but not in
Wernicke's area. Although this truly can be considered a pioneering investigation in the study of stuttering, the article may
have never received the recognition it deserves. True, the functional neuroimaging techniques were crude compared to today's

standards and the methodological paradigm used to study
disfluent and fluent speech had a number of serious shortcomings. Nonetheless, considering that that study of language, or
any other human cognitive process, really only started 10 years
ago with the publication in Nature of an article by Petersen and
his colleagues (Petersen, Fox, Posner, Mintun, & Raichle, 1988),
the fact that Woods and Stump had reported eight years earlier
on a study of stuttering using a similar technique at least deserves acknowledgement.
Since the original Wood and Stump study, advances in functional imaging techniques have allowed researchers to refine the
search for the neural bases of stuttering (Braun et al., 1997; De
Nil, Kroll, Kapur, & Houle, 1996, 1997; Fox et al., 1996;
Ingham et al., 1996; Kroll, De Nil, Kapur, & Houle, 1997;
Salmelin et al., 1998; Wu et al., 1995; Wu et al., 1997). The
imaging tools most frequently used are Single Photon Emission
Computerized Tomography (SPECT) and Positron Emission
Tomography (PET), using either 18FDG or ISO-H20 as the radio tracer. Speech tasks have ranged from nonspeech oral movements to oral reading of continuous text. The wide variety of
speech tasks, in addition to methodological differences in image acquisition and analysis, often makes it difficult to compare
results across studies. Nevertheless, a number of tentative common observations can be crystalized from the data available to
date. Most studies have shown some evidence of differences in
the activation levels oflateralized language or speech motor processes between stuttering and nonstuttering speakers. These differences range from decreased activation in left hemipshere
regions known or thought to be involved in speech and language processing, such as Broca's and Wernicke's cortical areas
(Wu et al., 1995) to increased activation of bilateral or right
hemisphere regions (Braun et al., 1997; De Nil et al., 1997;
Fox et al., 1996). In addition to this atypicallateralized activation of cortical areas well-known to be involved in speech and
language processing, most studies also observed differences in
activation of other cortical and subcortical areas, such as the
anterior cingulate cortex (ACC; De Nil et al., 1997; Pool,
Devous, Freeman, Watson, & Finitzo, 1991) and the cerebellum (Fox et al., 1996).
Over the last few years, we have used positron emission tomography to compare neural activation patterns associated with
speech and language processing during single word tasks in stuttering and nonstuttering adults (De Nil et al., 1995, 1997; Kroll
et al., 1997). In our experiments we have used primarily single
word tasks because this way we have better control over task
complexity and such tasks allow us to formulate more specific
hypotheses about the cognitive processes underlying task performance. Typically, stuttering and nonstuttering subjects were
instructed to read single words either silently or orally, or to
self-generate a verb following presentation of a noun. These
studies resulted in a number of interesting and thought-provoking observations.
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Stuttering participants showed relatively greater activation
in the anterior cingulate cortex during silent reading. This area,
located in the medial wall of the cortex, is part of the limbic
system and, actually, serves to bridge the limbic system with the
sensorimotor cortex. It is thought to be involved in anticipatory
reactions and response preparation, especially when the subject
is confronted with complex stimuli requiring a choice between
various alternative response selections (Paus, Koski, Caramanos,
& Westbury, 1998). As pointed out before, most adult stutterers have a strong tendency to scan the phonetic and orthographic
structure of words for signs of potential fluency problems, even
during tasks not requiring overt speech. Therefore, we have
suggested that the increased ACC activation in the stuttering
subjects may reflect their heightened anticipation reactions during the reading task. In addition, and possible related to increased anticipation, the anterior cingulate activation in our
stuttering subjects also may point to silent articulatory rehearsal
of the words, since this area is thought by some to be part of an
inner articulatory loop, which becomes activated especially during less automated tasks (Paus, Petrides, Evans, & Meyer, 1993).
During oral reading, stuttering and nonstuttering subjects
showed clear differences in lateralization of cortical regions
thought to be involved in speech production. As expected, the
nonstuttering speakers showed a pattern of largely unilateral
left hemisphere activation, including Broca's area, and primary
sensorimotor and temporal cortex. A similar activation pattern
was observed in the stuttering subjects, but this time clearly
lateralized to the right hemisphere. The stuttering subjects also
showed increased activation in these cortical regions. The widespread activation, involving traditional motor areas, as well as
higher order association cortex, suggests that the atypical
lateralization in stuttering subjects does not merely reflect the
presence of stuttering. Instead it seems to point to a fundamental difference between stuttering and nonstuttering speakers regarding neural systems involved in speech and language.
In all of the studies so far, sturrering subjects were tested
prior to receiving any intensive treatment for their fluency difficulties. To date we have completed two studies aimed at investigating how neural activation patterns change as a result of
intensive speech treatment. In these experiments, subjects underwent PET scan immediately prior to the start of the treatment program, and again immediately upon completion of the
program. In the first of these studies (Kroll et al., 1997), we
observed notable changes in neural activation during simple
word reading from pre- to posttreatment. Posttreatment, Stuttering subjects no longer showed significantly increased activation in the anterior cingulate cortex during silent reading.
Possibly this change was related to the fact that the subjects,
because of their increased speech fluency and general confidence
in their fluency skills, no longer felt the need to scan the words
in an anticipatory fashion to look for potential stuttering. Al-
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ternatively, it is possible that the reduced activation in the anterior cingulate reflects a decreased tendency to silently rehearse
the articulatory movements of the words during reading. When
the subjects were asked to read the words out loud, there was a
significant increase posttreatment in neural activation of the left
primary sensorimotor cortex. It was hypothesized that this
change reflected the emphasis placed during treatment on continuous self-monitoring of articulatory speech movements, in
addition to the explicit use offluency skills learned during treatment. These speech skills help the stuttering individual to avoid
disfluencies by optimizing the sequencing and timing of articulatory, phonatory, and respiratory movements, a task which
seems to tap into strengths specifically attributed to the left hemisphere (Bradshaw & Netrleton, 1981).
The data obtained in our second, and most recent, study on
the effects of treatment on neural activation in stuttering individuals seems to confirm some of our earlier findings for the
most part. However, it also extends and modifies our earlier
observations in a number of important ways. Because, at the
time of this writing, the analysis of this complex dara set is still
underway, we will limit ourselves to a discussion of some of the
main trends that seem to emerge our of the results because we
believe that they have potential implications for clinical intervention.
A first observation that emerges quite clearly from the data
is that differences in neural activation patterns can be observed
between stuttering and nonstuttering subjects even when they
are reading words silently and no overt or self-reported sturtering is being experienced. Similar to the observations in our first
treatment study, differences in activation patterns involve the
anterior cingulate cortex. Because of the role of the anterior
cingulate in response selection and attention, this observation
confirms the difference in cognitive set with which sruttering
and nonstuttering speakers approach even a task as simple as
single word reading, whether consciously or unconsciously. In
contrast to our earlier findings, this increased activation level in
the anterior cingulate in the stuttering speakers also can be observed postrreatmenr, although to a lesser extent. This apparent decrease in activation level posttreatment, together with the
fewer subjects (and thus lower statistical power) in the first study,
may help explain the discrepancy between our two data sets. In
addition to the anterior cingulate, increased activation in the
stuttering subjects also is observed in right temporal and frontal
cortex, including the area homologous to Broca's area on the
left, suggesting that the right hemisphere bias in the stuttering
subjects is not directly related to the presence of stuttering, bur
probably represents an innate or early acquired pattern of neural processing associated with language.
A second clear trend that emerges from the present data
confirms our earlier observation of increased left hemisphere
activation in the region of the motor cortex post treatment as is
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illustrated in Figure 1. As a matter of fact, the present data
seem to suggest quite strongly that the increased left hemisphere
activation does not replace the existing right hemisphere or bilateral activation bias that can be observed pre-treatment in the
stuttering subjects. Instead, the left hemisphere activation appears by-and-large to be in addition to whatever activation was
present pre-treatment. This observation, if confirmed, has important implications for our understanding of stuttering and
the effects of stuttering treatment. We will attempt to
outline some of these implications in the next section.

Some Thoughts on Clinical
Implications
We can say with increasing confidence that, based
on our work and that of others, people who stutter demonstrate atypical brain
activation patterns during
speaking, thereby strengthening the case for the neural
{b)
basis of stuttering. One consistent observation has been
that people who stutter comleft
pared to nonstuttering individuals show a definite bias
towards increased right
hemisphere activation during speaking. Moreover,
the data suggest that areas
of increased activation in the right hemisphere include cortical regions homologous to regions in the left hemisphere
traditionally considered important for speech production.
Furthermore, our latest data suggest that the right hemisphere biased activation patterns are present not only during oral speech tasks, but also can be found when subjects
are asked to read silently, a task in which the presence of
disfluencies is virtually eliminated. These observations suggest that the neural patterns are not just reflective of the
presence of overt stuttering behaviour, but may represent
more fundamental differences in the way people who stutter process speech and language.
The question that arises, of course, is whether the observed
activation patterns are innate or developmental in nature. For
instance, it has been argued in the past that differences in brain
activation patterns between stuttering and nonstuttering speakers may merely reflect the presence of stuttering or some emotional reaction to the disfluencies, rather than pointing to some
underlying causal factors for the disorder (Bloodstein, 1987).

Others have suggested that atypical activation patterns, indeed, are causally related to stuttering (Moore, 1984). Obviously, data obtained in our laboratory do not provide
unequivocal support for either one of these positions. However, we feel that they do suggest some direction to further this
discussion.
We believe that both innate and acquired brain processes
need to be considered when investigating the neural basis of
stuttering. We say this based on our current neuroimaging research of differences in brain activation patterns before and after fluency treatment. As pointed out before, we have found
preliminary evidence that the changes in cortical activation that
are observed post treatment do not totally replace existing patterns observed prior to treatment, but rather supplement them.
Specifically, there appears to be consistent right hemisphere activation in temporal and frontal cortex both before as well as
immediately after successful fluency treatment. That is, even
though subjects are using their learned fluency targets, resulting in voluntary and deliberate monitoring of articulatory,
phonatory and respiratory production, a significant portion of
the posttreatment brain activation pattern is strikingly similar
to that observed pre-treatment. This suggests that this activation is not immediately affected by changes in overt speech behaviour and fluency. Therefore, we would like to suggest that
such activation might point to the presence of neural processes
that are relatively stable, and possibly congenital, in people who
stutter. If so, it is tempting to speculate about the causal relationship between these activations and stuttering.
On the other hand, certain activation patterns, like the one
observed in the anterior cingulate cortex, do indeed seem to
change from pre- to posttreatment. Because of the hypothesized
role of the anterior cingulate in attention and response selection
(Devinsky & Luciano, 1993; Paus et al., 1998; Paus et al., 1993),
and our clinical knowledge of how anticipatory and scanning behaviours in stuttering develops over time, we suggest that the
changes in the observed activation in the anterior cingulate point
to that fact that such activation reflects an acquired rather than an
innate characteristic. We interpret our data to suggest that treatment approaches like the one used in our studies, in addition to
producing speech motor changes, also result in changes in cognitive strategies that are employed during speech tasks. We further
suggest that the initial scanning and anticipatory thought processes are replaced by strategies in which subjects are engaged in
fluency inducing self-monitoring behaviour.
We have seen from our data that treatment affects patterns
of neural activation. We have also observed that portions of
atypical activation appear to be relatively stable even after successful fluency treatment. The question that we are presently
pursuing is whether these observations are relevant to the issue of
fluency maintenance, as so eloquently addressed by Einer
Boberg. We are presently collecting neuroimaging and behav-
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ioural data on our subjects who have participated in our treatment while they are in the maintenance phase of the program.
Our present hypotheses are that successful and unsuccessful
maintenance will be reflected in differential patterns of neural
activation. One possible scenario is that successful maintenance
is associated with further decreases in atypical activation. Alternatively, it is possible that successful maintenance is associated with a strengthening and further stabilizarion of
compensatory neural processes. We anticipate that our findings will help us to address inter-individual differences in fluen,-], maintenance from a neural perspective. This work may
lead to the development or refinement of intervention strategies that facilitate fluency maintenance.
In summary, we believe that current functional
neuroimaging techniques such as those that have been used in
our studies, will help us to focus more intensely on neural control processes underlying stuttering and in doing so contribute greatly to our understanding of this disorder and its
treatment. Importantly, the suggestion that neural activation
patterns in stuttering individuals consist both of congenital and
acquired elements, reinforces the need to adopt a multidimensional treatment approach focussing on speech motor behaviour as well as cognitive and other thought processes. In many
ways, our current treatment program as well as many others,
have identified the need for comprehensive programming.
Our data corroborate and reinforce this approach and provide a view of its neural underpinnings.
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