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the timing of each syllable. This phenomenon has a direct parallel in persons with

Parkinson’s disease, a disorder of basal ganglia functions due to reduced release

of dopamine. In Parkinson’s disease the ability to perform movement sequences is

greatly improved by auditory or visual cues (Georgiou et al., 1993; Glickstein & Stein,

1991).

3.2. Internally versus externally cued movements

The difference between externally and internally cued movements is an important

theme in motor control research (see, e.g. Jenkins, Jahanshahi, Jueptner, Passingham, &

Brooks, 2000). Several studies indicate a dominant role of the SMA in internally cued

movements, while the lateral premotor cortex (preMC) seems to play a key role in

externally cued movements (Cunnington, Bradshaw, & Iansek, 1996). These two motor

areas receive their main subcortical input from different sources: the SMA from the basal

ganglia, and the preMC from the cerebellum (Strick, 1985). In Parkinson’s disease, the

basal ganglia-SMA system is dysfunctional, while the cerebellar-preMC system seems

to be preserved (Haslinger et al., 2001). Additional support for this location of functions

comes from experimental lesions in monkeys. Impaired ability for self-initiated move-

ments but preserved ability for externally cued movements have been observed after

bilateral lesions of the putamen (Nixon & Passingham, 1998), the medial SMA, or the

anterior cingulate cortex (Thaler, Chen, Nixon, Stern, & Passingham, 1995). Lesions of

the preMC did not result in this type of impairment (Thaler et al., 1995). Investigation of

externally cued movements in Parkinson’s disease suggests that the external cues

facilitate movements through the cerebellar-preMC system (Hanakawa, Fukuyama,

Katsumi, Honda, & Shibasaki, 1999), thereby bypassing the dysfunctional basal ganglia

(Glickstein & Stein, 1991) and the SMA (Cunnington, Iansek, Bradshaw, & Phillips,

1995). This is supported by a study of Penhune, Zattore, and Evans (1998) indicating that

the cerebellum plays an important role in extracting temporal information from sensory

stimuli.

Cunnington et al. (1996) suggested that the SMA is especially involved in self-initiated,

well-learned, complex, and sequential movements, and that the functions of the SMA are

more closely related to the timing of movements than to the spatial programming. These

types of function suggest an important role for the SMA in speech. Furthermore,

Cunnington et al. proposed that the basal ganglia, via the SMA, provide internal timing

cues to facilitate the initiation of the submovements in a well-learned motor sequence.

This model presents a possiblemechanism for the rhythm effect in stuttering: that external

timing cues compensate for deficient internal cues from the basal ganglia to the SMA. The

idea that stuttering is a disorder of motor timing is not new. It was the core in the reasoning

of Van Riper (1982), and this line has been continued by Kent (1984), Caruso (1991),

and others.

3.3. Chorus speech

Most persons who stutter show no dysfluencies when reading in unison with somebody

else (Van Riper, 1982). It seems likely that the mechanism behind this effect is similar to
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Blocks are less frequently reported. Nevertheless, Heuer, Sataloff, Mandel, and Travers

(1996) reported one case of stuttering after lesion in the left putamen, showing blocks,

frequent use of filler sounds (e.g. ‘‘uh’’), aversion of eye gaze, and eye closing during

speech blocks. Andy and Bhatnagar (1992) described cases of neurogenic stuttering with

spasmodic blocks at word initial position, but without any accessory behaviors such as

facial grimaces or limb movements. In summary, blocks with struggle seem to be less

common in neurogenic stuttering, but there appears to be no sharp divide between

developmental and neurogenic stuttering. Neurogenic stuttering might be more or less

similar to developmental stuttering depending on the location of the lesion.

Also childhood stuttering can be caused by cerebral lesions. In a group of 313 persons

with known lesions during childhood but with normal intelligence, Bohme (1968) found

that 24% stuttered.

4.2. Localization of lesions in neurogenic stuttering

4.2.1. Problems of localization

Neurogenic stuttering has been reported after lesions to almost all parts of the brain,

except the occipital lobe (Van Borsel, Van Der Made, & Santens, 2003). The exact location

of the lesions in neurogenic stuttering has often been uncertain, especially in older reports

and in cases with diffuse lesions. At the same time, it is almost impossible to exclude the

existence of small undetected lesions. This means that single cases which are reported to

have lesions in structures seemingly unrelated to theories of neural functions in stuttering

have little explanatory value. Another problem is that lesions in one structure may disrupt

functions of other structures.

4.2.2. Lesions of the basal ganglia-thalamocortical circuit?

Do the published cases of neurogenic stuttering indicate involvement of the basal

ganglia-thalamocortical motor circuit? This circuit consists of the putamen (striatum),

globus pallidus, ventrolateral (VL) thalamus (Parent, 1996), and cortical motor areas like

the SMA. Indeed, a large proportion of the best documented cases had lesions of these

structures. Ludlow et al. (1987) investigated 10 cases of neurogenic stuttering caused by

missile wounds to the brain in wartime. The sites of lesions in this group were compared

with the sites of lesions in a group of persons with missilewounds to the brain, but without

speech problems. The only gray matter structures that were significantly more frequently

affected in the stuttering group were the striatum and the globus pallidus. In 10 persons

with stuttering, 8 had lesions of these structures. The left putamen was lesioned in the

case reported by Kono, Hirano, Ueda, and Nakajima (1998), in one of three cases

reported by Heuer et al. (1996), and in two of three cases reported by Ciabarra, Elkind,

Roberts, and Marshall (2000). Cases of neurogenic stuttering with lesion of the

left thalamus have been reported by Van Borsel et al. (2003) (the VL nucleus), and

by Heuer et al. (1996). Further, stuttering after lesions in the SMAwas described by Van

Borsel, Van Lierde, Van Cauwenberge, Guldemont, and Van Orshoven (1998), Ack-

ermann, Hertrich, Ziegler, and Bitzer (1996), and by Nagafuchi and Takahashi (1989, as

cited in Abe, Yokoyama, & Yorifuji, 1993). Further support for involvement of the basal

ganglia-thalamocortical motor circuit comes from studies of stimulation of brain regions
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during surgery with awake patients. Ojemann and Ward (1971) studied the effect of

stimulation of the left VL thalamus during surgery. The authors report that stimulation of

some points in the VL nucleus resulted in repetition of the first syllable of words. In a

similar way Penfield andWelch (1951) investigated the responses from stimulation of the

SMA. They found places in the SMA where stimulation elicited repetition of the first

syllable of words.

In summary, it seems clear that lesions of the basal ganglia-thalamocortical motor circuit

are a frequent cause of neurogenic stuttering. It is, however, very difficult to estimate the

portion of the cases with neurogenic stuttering that is related to basal ganglia dysfunction.

4.2.3. Lateralization of lesions

Most cases of neurogenic stuttering are reported after lesions to the left hemisphere, only

a few reports of neurogenic stuttering after right side lesions have been published, for

example by Lebrun, Leleux, and Retif (1987) and by Ludlow, Rosenberg, Salazar,

Grafman, and Smutok (1987). Furthermore, some of these cases might have had undetected

left hemisphere lesions causing the stuttering. In summary, left hemisphere lesions

constitute the bulk of the published cases of neurogenic stuttering, but it seems that also

right side lesions may have this effect.

4.3. The putamen is influenced by the CM nucleus in the thalamus

As discussed in Section 3.6.3, the TANs in the putamen may play a key role in the

generation of movement related cues from the basal ganglia. It has been found that

the learned responses of the TANs in the putamen are almost abolished after inactivation of

the centremedian nucleus (CM) in the thalamus (Matsumoto, Minamimoto, Graybiel, &

Kimura, 2001). The CM nucleus is among the largest thalamic nuclei in humans. Its main

projections innervate the entire sensorimotor parts of the striatum (approximately covering

the putamen) (Parent, 1996). An interesting coincidence is that the CM nucleus has been

reported to be involved in some cases of stuttering.

Andy and Bhatnagar (1992) reported four patients with neurogenic stuttering who were

treated with stimulation of the left CM nucleus for relief of chronic pain. The treatment

resulted in almost total relief of the stuttering. What could be the mechanism behind this

effect? All cases showed pathologic electrical discharges in the left thalamus (not seen in

the scalp EEG). The authors suggested that the discharges emanated from low-threshold

neurons, which were inactivated by the low-level stimulation. Their hypothesis was

supported by the observation that mechanical perturbation of the CM nucleus during

surgery of a non-stuttering person elicited electrical discharges and stuttering, consisting of

repetitions of the first syllable (Andy & Bhatnagar, 1991). One of the cases with acquired

stuttering was tested for chorus reading, which made the speech normal. This suggests that

the stuttering was related to defective internal cues, so that the speech was normalized by

external timing cues from the voice of another person. Further, these cases showed no

adaptation effect, which indicates that the cueing function was not improved by practice.

Interestingly, none of them developed concomitant symptoms like facial grimaces, limb

movements, or anxiety related to stuttering. All four cases had repetitions of sounds,

syllables, or words, and hesitations. Two of them exhibited prolongations of sounds.
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The stuttering occurred predominantly at word initial position. In summary, these data are

in accord with a model where the neurogenic stuttering was caused by pathologic signals

from the CM nucleus to the putamen, resulting in a disturbing effect on the TANs and the

internal cueing process.

Abe et al. (1993) described a related case, with onset of stuttering after infarction

involving the left CM nucleus. The stuttering consisted of repetitions of the first syllable in

words. A possible interpretation is that the destruction of the CM nucleus resulted in

inactivation of the TANs in the putamen, as described by Matsumoto et al. (2001), with

disturbance of the cueing function.

4.4. Summary

The lesion research suggests that the basal ganglia circuits through the putamen may

play an important role in many cases of neurogenic stuttering. Lesions causing stuttering

are usually located in the left hemispheres.

5. Imaging of brain activation in stuttering

In relation to the theme of this paper two main questions may be asked regarding

imaging of cerebral activation: Do brain imaging data indicate (a) abnormalities in the

basal ganglia in persons who stutter, and (b) activation that might compensate for basal

ganglia dysfunctions? Another aspect is that brain imaging in stuttering has often been

related to the hypothesis that stuttering is caused by anomalous cerebral lateralization

(the cerebral dominance theory, Travis, 1978), and that right hemisphere activity may

disrupt left hemisphere control of speech.

5.1. Abnormalities in the basal ganglia?

Wu et al. (1995) reported low striatal metabolism in a PET study of four persons who

stuttered. This reduction of metabolism has not, however, been found in other PET

studies. A possible cause of different results in different studies might be that the

stuttering population consists of subtypes, which could exert a strong influence on the

results of studies with a small number of participants. In another PET study, Fox et al.

(1996) found increased activation in the left globus pallidus during reading with

stuttering, compared with fluent reading in controls. The interpretation of PET-activa-

tion in the basal ganglia is, however, quite difficult. The intrinsic circuits of the basal

ganglia are very complex, and so is the relation between metabolism and signaling in the

basal ganglia structures (Jueptner & Weiller, 1995; Lauritzen, 2001; Waldvogel et al.,

2000).

5.2. Activation compensating for deficient speech automaticity?

If stuttering is related to a dysfunction of automatization of speech it may be expected

that persons who stutter will show increased cerebral activation due to compensatory
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and carelessness. Persons with stuttering without cluttering are reported to have for

example the following typical traits: tense pauses in speech, being fearful and anxious

about speech, using starter sounds and word substitutions, showing more stuttering

under pressure, and having fluent episodes. Daly’s description seems to roughly fit

Van Riper’s (1982) characterization of developmental tracks in stuttering: tracks I and

III corresponding to ‘‘stuttering’’ and track II corresponding to ‘‘stuttering-cluttering.’’

According to Daly about 40% of the persons who stutter may be classified into the

stuttering-cluttering group. In contrast, a study of 2628 stuttering school children, based

on reports from speech-language pathologists, found cluttering in only 0.7% of the

children (Blood, Ridenour, Qualls, & Hammer, 2003). It seems clear that different criteria

for the diagnosis of cluttering have been used. There is an obvious need for further

research to clarify these aspects, and to investigate the possibility of two pharmacolo-

gically distinct subgroups.

In interviews with three adults who stutter the author of this paper has obtained personal

reports of the effects of various drugs on stuttering, supporting the importance of complex

neurochemical factors as well as supporting the heterogeneity in responses. In all these

cases the drugs were used for recreational purposes, for short periods of time. The first case

claimed that his stuttering made him almost mute when using marijuana, which at the same

time improved his creativity. On the other hand, alcohol was said to make his speech almost

normal, with deterioration afterwards. He noticed no difference in his speech when trying

amphetamine. The second case reported clearly reduced stuttering during use of amphe-

tamine. The third case, with severe stuttering, told howwhen trying ecstasy (MDMA) twice

he spoke fluently for some hours, also according to his friends. Amphetamine did not affect

his speech.

The claim of the effect of ecstasy on stuttering is especially interesting in the context of

basal ganglia functions, since a case of remarkable improvement of motor symptoms in

Parkinson’s disease has been reported in the media (BBC Horizon, 2001). This anti-

parkinsonian effect of ecstasy has been confirmed in studies of primates (Iravani, Jackson,

Kuoppamaki, Smith, & Jenner, 2003). Investigations of this effect of ecstasy points to a

serotonergic mechanism, indirectly modulating the dopamine system. The exact mechan-

ism is still not known, but an agonist effect on serotonin receptor subtype 5-HT1a or 1b is

suggested (Iravani et al.). It is interesting to note that the anti-parkinsonian effect in

primates was fully blocked by the selective serotonin reuptake inhibitor (SSRI) fluvox-

amine (Iravani et al.).

Ecstasy is not suitable for the treatment of stuttering, because of a suspected risk that it

might induce Parkinson’s disease (Kuniyoshi & Jankovic, 2003) and because of the risk of

misuse and addiction. However, the possibility of influencing dopamine functions and

basal ganglia motor symptoms through serotonergic mechanisms is interesting. Effects of

other serotonergic drugs have been reported in stuttering, especially for the SSRI

paroxetine (see, e.g. Boldrini, Rossi, & Placidi, 2003; Costa & Kroll, 2000; Schreiber

& Pick, 1997). The author of this paper has interviewed a stuttering man who experienced

long-lasting and clear improvement of speech on paroxetine, after about 3 weeks. When he

stopped and restarted medication the stuttering changed accordingly. He claimed that

another SSRI, citalopram, did not improve speech. There are indications of subtle

differences in pharmacological effects between different SSRIs, and that paroxetine shows
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controls. A group of 140 children with ADHD (mean age 10.5 years) had only a 3.6%

incidence of stuttering. The result of this study suggests that stuttering and ADHD do not

have a strong relation in childhood, and that ADHD combined with stuttering tends to be

more persistent than ADHD in general, resulting in a higher lifetime incidence of stuttering

in adults with ADHD.

There are some indications that ADHD with stuttering may be neurochemically

different from most cases of ADHD. About 74% of adults with ADHD tend to improve

on stimulants (Faraone et al., 2000), while Langova and Moravek (1964) found that 79%

of persons with stuttering-cluttering or cluttering (who often seem to have traits of

ADHD) got worse on a stimulant, and none got better. Burd and Kerbeshian (1991)

described a hyperactive child who got transient stuttering as a side-effect of stimulants,

but no improvement in the hyperactivity. However, this pattern may not be consistent,

since anecdotal information suggests that some cases with ADHD and stuttering are

treated successfully with stimulants.

Another question is if the increased behavioral activation shown by some cases of

stuttering should be regarded as a type of ADHD or a type of ‘‘hypomania.’’ Brody (2001)

suggests that ADHD and mania (or hypomania) are confounded in most existing research.

Brody considers impairment of executive functions to be a characteristic of ADHD, but not

of mania.

6.5. Is stuttering a motor stereotypy?

Stereotypy (repetitive behavior patterns) is a feature of many neurologic and psychiatric

disorders. It can range from repetition of single movements to complex behaviors or

cognitive stereotypes like in obsessive-compulsive disorder. The basal ganglia are sug-

gested to be central for the expression of stereotypes, and motor stereotypes can be induced

by dopamine stimulating drugs (Canales & Graybiel, 2000).

An important objection may be raised against a suggestion of stuttering as a

stereotypy: Stereotypic repetitions seem to be, at least partly, based on some type of

drive to execute the behavior (Graybiel, Canales, & Capper-Loup, 2000). In stuttering

there is hardly any ground for suspecting that the repetitions are based on a drive to

repeat that specific segment. Instead it is more reasonable to suppose that the repetitions

are merely the result of an inability to continue to the next segment in the sequence. An

observation supporting this contention is that persons with stuttering normally do not

repeat the final segment of a phrase (Bloodstein, 1995; Rosenbek, Messert, Collins, &

Wertz, 1978).

Nevertheless, there may be a subgroup of persons with ‘‘stuttering’’ who really do

show a stereotypic speech disorder. These are the rare cases which Van Riper (1982)

refers to as stuttering track IV. Van Riper described their stuttering as highly stereotyped,

almost deliberate. A characteristic feature is lengthy repetitions of words already spoken

normally. Few signs of avoidance or fear are shown. The speech repetitions are often

accompanied by other symptoms like stereotyped postures, grunting, biting, or tongue

protrusion. The diagnosis Tourette syndrome with palilalia (Bruun, Cohen, & Leckman,

1984; Graybiel & Canales, 2001) seems to fit well with the characteristics of this

group. Tourette syndrome is a neuropsychiatric syndrome characterized by complex
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Jones, Williams, & Donaldson, 2003). These movements were compared with different

types of movements seen in various basal ganglia movement disorders. The result of this

study was that most of the involuntary movements in stuttering persons during speech

could be classified as complex or simple motor tics. Only a few instances (of squeezing eye

closure) were judged as dystonic. The authors suggested that stuttering is a tic disorder due

to basal ganglia dysfunction.

Twomain objections may be raised against the proposal of stuttering being a tic disorder.

The first is related to the subjective experience. In a review of tic disorders, including

Tourette syndrome, Leckman and Cohen (2003) write: ‘‘By the age of 10 years, most

individuals with tics are aware of premonitory urges that may be experienced either as a

focal perception in a particular body region where the tic is about to occur (like an itch or a

tickling sensation) or as a generalized awareness felt throughout the body. . . . Most patients

also report a fleeting sense of relief after a bout of tics has occurred’’ (p. 593). This type of

‘‘urge’’ and relief does not seem typical for stuttering.

The second objection is that the typical involuntary movements seen in stuttering are

strictly task-related, emerging when trying to speak. The movements are not shown during

other activities. Such strict task-specificity is often shown in dystonia but does not seem to

be displayed in tic disorders.

It should also be noted that this study is based on a relatively small group, 16 stuttering

adults, of which only one case was classified as very severe while the rest were regarded as

being of moderate to very mild severity. The total samples of reading and free speech

included 600 words for each person. The representativity of this material seems uncertain

and further studies would be important. It may be the case that stuttering shares

characteristics with several different basal ganglia disorders, like dystonia, parkinsonism,

and tic disorders, but that it can not be defined as any of these.

7.7.2. Stuttering and cortical excitability

Another challenge against the similarities between stuttering and dystonia comes

from a recent report of intracortical inhibition in developmental stuttering, by Sommer,

Wischer, Tergau, and Paulus (2003). The basis for this investigation was that reduced

intracortical inhibition has been found in focal dystonias like writer’s cramp and

blepharospasm (spasm of the eyelid), by measuring the motor response in a finger

elicited by paired-pulse transcranial magnetic stimulation (TMS). The result of this

study indicated that the group of 18 adults with developmental stuttering had normal

intracortical inhibition and facilitation. Further, the tests with TMS pointed to a

raised motor threshold in the stuttering group. (It may be speculated if this result

is related to findings of increased cortical gyrification in the region superior of the

lateral sulcus, Foundas, Bollich, Corey, Hurley, & Heilman, 2001, or to disturbances in

the structure of the white matter related to the sensorimotor cortex, Sommer, Koch,

Paulus, Weiller, & Buchel, 2002. These findings are discussed in more detail below, see

Section 10.)

The reported normal intracortical inhibition and the raised motor threshold for the finger

motor region in persons who stutter suggest a difference in pathologic mechanisms

between focal dystonias and stuttering. It is too early, however, to dismiss the possible

parallel between stuttering and dystonia based on this one study. For example, a dystonic
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segment, or because of muscular hyperactivation that disrupts the phonation or articulation.

Or, possibly, a combination of both factors, for example that deficient cues releases

inappropriate muscular activation. It seems likely that these patterns differ between

different persons who stutter, and maybe also between different stages in the development

of stuttering. A more detailed mapping of the proximal causes of the speech disruptions in

stuttering individuals and subgroups would be a valuable step for the understanding of

stuttering. This type of analysis might reveal constellations of positive versus negative

symptoms, indicating differences in pathology.

9. Cerebral development, aging, and degeneration

When discussing possible mechanisms of stuttering it is important to consider age- and

gender-related aspects of the disorder. Stuttering has a typical pattern of onset in early

childhood followed by a high rate of childhood recovery. When looking at developmental

aspects it may also be interesting to study changes of stuttering in older age, and effects of

neural degeneration and lesions. In this section, data regarding gender differences,

development, aging, and degeneration will be briefly reviewed, and possible neural

mechanisms will be discussed.

9.1. Age of onset, recovery, and gender ratio

The data regarding age of onset, frequency of recovery, and sex ratio differ somewhat

between different studies, but the general tendencies are quite consistent. Based on data

from some of the more recent studies (Månsson, 2000; Yairi & Ambrose, 1992, 1999) the

following brief summary may be made: These studies suggest a mean age of onset between

2.5 and 3 years, a male/female ratio in children of about 2:1, a recovery rate of about

60–70% within 2 years after onset of stuttering and further recoveries later.

A study by Ambrose, Cox, and Yairi (1997) indicates that recovering and persistent

stuttering may, partly, represent different subtypes. The frequency of persistent or

recovered stuttering was investigated in relatives to 66 stuttering children. The analysis

of the data pointed to the existence of two types of genes linked to stuttering: one type

increasing the risk of transient childhood stuttering, and another type increasing the risk of

persistent stuttering. The effects of these two types of genes seemed to be additive. This

additive effect suggests that the genes affect the same cerebral system in the same direction.

When analyzing possible causes of stuttering it is important to consider that stuttering in

adults may be regarded as a subgroup of stuttering, and that the causal factors in adults may

be different from the causal factors in the majority of young stuttering children. It may be

the case, for example, that persistent stuttering involves a higher frequency of structural

abnormalities.

An interesting finding regarding language development in stuttering children was

reported by Watkins, Yairi, and Ambrose (1999). In the group of stuttering preschool

children in the study summarized above (Yairi &Ambrose, 1999) their expressive language

abilities were measured. The group with early onset stuttering, who entered the study at age

2–3, showed syntactic abilities and length of utterances well above what was expected for
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of stuttering. The dysfunction may have various causes and may be the effect

of interaction between several factors. Possible factors might be, for example:

high density of D2-receptors and low D1/D2 ratio in the putamen; aberrant

levels of dopamine release; and focal lesions of the basal ganglia-thalamocortical

circuit.

(b) The core dysfunction in stuttering is suggested to be impaired ability of the basal

ganglia to produce timing cues. Some of the conditions that temporarily alleviate

stuttering are proposed to be effective by providing compensatory timing

information. This pertains to the rhythm effect, chorus speech, and singing. The

adaptation effect is mainly based on an improvement of the basal ganglia timing cues

resulting from practice of a specific speech sequence.

(c) Other conditions that tend to alleviate stuttering are suggested to be effective because

of de-automatization of the speech control. This would apply to novel modes of

speaking and to masked or frequency altered auditory feedback. The effect of altered

auditory feedback might also be related to attenuation of the effective feedback

signal.

(d) Influence of emotions and stress on stuttering is well compatible with the suggestion

of stuttering as a basal ganglia disorder.

(e) Concomitant symptoms, such as involuntary movements, are thought to be the result

of specific mechanisms related to the basal ganglia circuits, prevalent in some but not

in all cases of stuttering.

(f) A morphological study suggests the importance of cerebral cortex anomalies in

persistent stuttering, possibly in interaction with the basal ganglia functions.

(g) The typical pattern of early childhood onset of stuttering and subsequent recovery in

many cases is proposed to be related to a peak in D2-receptor density in the putamen

about the age of 2–3, in combination with a relatively low D1/D2 ratio in some

children, especially boys. This factor is suggested to be particularly important in

stuttering children with precocious language development.

(h) Stuttering is a heterogeneous disorder and characterization of subtypes is an

important task for research. Based on differential traits (Daly, 1996; Van Riper,

1982), and differential responses to medication (Langova & Moravek, 1964) two

preliminary subtypes are suggested (it should be noticed that the proposed differential

pharmacologic effects are based on very few cases):

Stuttering type 1: This group corresponds to what Daly (1996) defined as

‘‘stuttering’’ (as opposed to ‘‘stuttering-cluttering’’) and is similar to Van Riper’s

tracks I and III (Van Riper, 1982), and may constitute the majority of persons who

stutter. There are some indications that the speech in this subgroup tends to improve

on dopamine stimulants and to get worse on D2-blockers (it is too early, however, to

draw any conclusions about dopamine stimulants in the treatment of stuttering). The

onset of stuttering occurs after a period of fluent speech, and tense speech initiation

blocks often become an important part of the problem. The stuttering tends to get

worse in relation to negative emotional reactions.

Stuttering type 2: This group corresponds to what has been called ‘‘stuttering-

cluttering’’ (Daly, 1996) and is similar to Van Riper’s track II (Van Riper, 1982).

There are indications that the stuttering tends to improve on D2-blockers and to get

P.A. Alm / Journal of Communication Disorders 37 (2004) 325–369 359





















Wu, J. C., Maguire, G., Riley, G., Fallon, J., LaCasse, L., Chin, S. et al. (1995). A positron emission tomography

[18F]deoxyglucose study of developmental stuttering. Neuroreport, 6, 501–505.

Wu, J. C., Maguire, G., Riley, G., Lee, A., Keator, D., Tang, C. et al. (1997). Increased dopamine activity

associated with stuttering. Neuroreport, 8, 767–770.

Yairi, E. (1976). Effects of binaural and monaural noise on stuttering. The Journal of Auditory Research, 16,

114–119.

Yairi, E., & Ambrose, N. (1992). A longitudinal study of stuttering in children: A preliminary report. Journal of

Speech and Hearing Research, 35, 755–760.

Yairi, E., & Ambrose, N. G. (1999). Early childhood stuttering I: Persistency and recovery rates. Journal of

Speech, Language, and Hearing Research, 42, 1097–1112.

Yeterian, E. H., & Pandya, D. N. (1998). Corticostriatal connections of the superior temporal region in rhesus

monkeys. Journal of Comparative Neurology, 399, 384–402.

Ziemann, U., Muellbacher, W., Hallett, M., & Cohen, L. G. (2001). Modulation of practice-dependent plasticity

in human motor cortex. Brain, 124, 1171–1181.

P.A. Alm / Journal of Communication Disorders 37 (2004) 325–369 369






















