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Abstract. There is a growing body of literature examining the utility of behavioral treatment in primary progressive aphasia
(PPA). There are, however, no studies exploring treatment approaches to improve speech production in individuals with apraxia
of speech (AOS) associated with the nonfluent variant of PPA. The purpose of this study was to examine a novel approach to
treatment of AOS in nonfluent PPA. We implemented a treatment method using structured oral reading as a tool for improving
production of multisyllabic words in an individual with mild AOS and nonfluent variant PPA. Our participant showed a reduction
in speech errors during reading of novel text that was maintained at one year post-treatment. Generalization of improved speech
production was observed on repetition of words and sentences and the participant showed stability of speech production over
time in connected speech. Results suggest that oral reading treatment may offer an efficient and effective means of addressing
multisyllabic word production in AOS associated with nonfluent PPA, with lasting and generalized treatment effects.
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1. Introduction

Primary progressive aphasia (PPA) is a degenerative
neurological condition in which speech and language
functions are disrupted, while other cognitive abilities
remain relatively spared. The disorder results from at-
rophy in regions of the brain that sub-serve language.
Three clinical variants of PPA are now widely accept-
ed. These include a semantic variant, with verbal and
nonverbal semantic deficits, a logopenic variant, with
anomia and phonological working memory problems,
and a nonfluent/agrammaticvariant, with agrammatism
and/or apraxia of speech [1,2].

PPA has been linked to several types of neuropathol-
ogy, including tau or ubiquitin/TDP-43 positive fron-
totemporal lobar degeneration and Alzheimer’s Dis-
ease [3,4]. While the prevalence of PPA is not known,
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frontotemporal dementia, which may manifest in PPA,
is now recognized as a common cause of dementia af-
fecting individuals under the age of 65 [5,6].

Relative to individuals with aphasia resulting from
stroke, individuals with PPA are under-referred for
speech-language pathology services [7]. Further, they
are less likely to be offered behavioral treatment, in part
due to lack of understanding of the disorder by refer-
ring and treating clinicians, and also due to negative as-
sumptions regarding the feasibility and utility of behav-
ioral treatment in patients with neurodegenerative dis-
ease. Treatment research focused on individuals with
PPA has addressed restitutive treatments designed to
rehabilitate impaired speech-language processes, aug-
mentative/alternative approaches to treatment, and in-
terventions designed to address activity and participa-
tion limitations (for reviews, see [8,9]).

Word-finding deficits (for a review, see [8]) as well
as sentence production [10] and written language im-
pairments [11] have been the object of restitutive treat-
ments. At present, there is modest evidence supporting
the utility of speech-language treatment in PPA. Re-
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search reports have shown gains on languagemeasures,
which were largely restricted to treated language do-
mains and certain treatment approaches appear to slow
the progression of language deficits for specifically-
trained behaviors [12]. Much remains to be learned,
however, with regard to the treatment paradigms that
may be beneficial for the clinical variants and stages of
PPA. In addition, the long-term benefits of treatment in
this population have yet to be elucidated.

The majority of research on speech-language treat-
ment in PPA has involved individuals with semantic
variant. The logopenic and nonfluent variants have re-
ceived less attention. Treatment studies addressing non-
fluent variant PPAhave focused on linguistic deficits as-
sociated with the disorder, including verb and sentence
production [13], phonological processing [14], and lex-
ical retrieval [15]. The motor speech deficits, or more
specifically, apraxia of speech (AOS), observed in non-
fluent variant have not, to our knowledge, been exam-
ined with systematic treatment research. This is unfor-
tunate, given that a gradual decline in motor planning
ability for speech, or AOS, can be the most prominent
and debilitating feature of nonfluent variant PPA [16].

A 2006 review of the AOS treatment literature by
Wambaugh and colleagues [17] revealed that the vast
majority of published AOS treatment cases were stroke
patients and most of those were classified as severe-
ly apraxic. There are relatively few treatment stud-
ies examining the utility of treatment in mildly apraxic
patients, perhaps because these individuals are large-
ly intelligible and have fairly functional spoken com-
munication. In contrast to many stroke patients with
AOS, motor speech deficits in nonfluent variant are of-
ten quite mild during initial stages of the disease, and
sometimes are the only deficit for a number of years.
Thus, treatment approaches designed for individuals
with AOS due to stroke, who are often profoundly
apraxic, may not be appropriate for AOS in the con-
text of nonfluent variant PPA. However, in PPA, AOS
can be expected to worsen over time and early inter-
vention, when the disorder is mild, may be beneficial
in slowing the progression of deficits and/or providing
strategies for communication in the face of a worsening
impairment of motor programming for speech.

In this study, we attempted to remediate speech pro-
duction formultisyllabicwords via structured oral read-
ing of text. It is a well-documented feature of AOS
that production breaks down with words of increas-
ing length and articulatory complexity [18]. Multisyl-
labic word production was our patient’s primary diffi-
culty and therefore, this was the level at which treat-

ment efforts were directed. Oral text reading has been
used therapeutically in individuals with aphasia with
or without apraxia of speech, with benefits observed
in written and spoken language [19,20]. Written word
forms have also been incorporated as a supplement to
other treatment approaches in acquired AOS, and have
been described as a means of “intersystemic facilita-
tion” wherein a relatively intact system or modality is
used to facilitate improvement in an impaired system
or modality [16]. In the case of oral reading to promote
speech production, relatively preserved visual process-
ing of orthography and conversion between orthogra-
phy and phonology prior to motor implementation may
serve to facilitate motor planning and execution for
speech. In effect, orthographymay serve to cue speech
sound production by serving as a visual guide to the
correct sequence of phonemes and syllables.

To our knowledge, there are no treatment studies ex-
amining oral reading as a primary means of rehabili-
tating speech production in AOS. In mild AOS, where
productionof multisyllabic words may be the most pro-
nounced difficulty, oral reading can provide a context
within which to elicit production of these words, which
may not occur frequently in spontaneous speech. Oral
reading also allows for rehearsal of multisyllabic word
production in the context of connected speech rather
than in isolation. Here we describe a single-subject
treatment study wherein we implemented a novel treat-
ment approach for a case of mild AOS in the nonfluent
variant of PPA. Goals of the study were a) to determine
whether structured oral reading practice can improve
production of multisyllabic words read aloud, b) to ex-
amine generalization to untrained speech behaviors and
contexts, and c) to assess long-term effects of training
on oral reading and speech production.

2. Methods

2.1. Participant

The participant, GA (fictitious initials), was a
73 year-old right-handed woman. She spoke English
as her second (after German) but primary language.
GA studied English in school and began using it as her
primary language 52 years prior to this study. She ob-
tained 20 years of education and worked for an insur-
ance brokerage before retiring at age 55. GA had no
history of developmental disorders of speech and lan-
guage. At the start of treatment, she had a five-year his-
tory of progressive impairment of speech production.
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Fig. 1. Structural MRI scan obtained three months prior to initiation of treatment.

She participated in yearly research evaluations at the
Memory and Aging Center (MAC) at UCSF for three
years prior to her enrollment in the treatment study re-
ported here. A consensus diagnosis of nonfluent variant
primary progressive aphasia was reached by a team of
clinicians (neurologist, neuropsychologist, and speech-
language pathologist) at her initial visit according to
published clinical criteria [1,21]. A structural MRI
scan was obtained three months prior to initiation of
treatment (Fig. 1). The scan revealed frontal/insular as
well as temporoparietal atrophy in the left hemisphere.
At the time treatment was initiated, the patient’s major
complaint concerned difficulty with production of mul-
tisyllabic words and an overall slowness and effortful-
ness of speech production, which she observed to be
worsening gradually over time.

2.1.1. Pre-treatment speech and language evaluation
Pre-treatment speech and language assessment show-

ed relatively fluent, grammatical spoken language (Ta-
ble 1). The Motor Speech Evaluation [22] revealed
that speech production was slow in rate with vowel
and consonant distortions; sound insertions, deletions,
and transpositions; pauses between words and sylla-
bles; increasing errorswith increasingword length; and
reduced prosodic variation. This pattern is consistent
with an impairment of motor planning for speech pro-
duction, or AOS [16,17,23]. Dysarthria was not not-
ed. Syntax comprehension and production were exam-
ined using in-house assessments (for details, see [24]).
On the production task, which involves generation of
sentences in response to pictured scenes, as well as
the comprehension task, which requires matching an
auditorily-presented sentence to one of two pictures,
GA performedat ceiling. Semantic processing, as mea-
sured by the picture version of the Pyramids and Palm

Trees Test [25] and the Boston Naming Test [26], was
spared. Reading and spelling of single words and non-
words on the Arizona Battery of Reading and Spelling
(ABRS) [27] was normal.

Repetition was tested at the word and sentence lev-
el in order to assess motor speech at increasing lev-
els of difficulty. Word repetition was examined with
a list of one- and three-syllable words used previous-
ly to test speech production ability in stroke patien-
ts [28]. Words were presented auditorily and repeated
five times in succession by GA. Repeated word produc-
tion was spared for monosyllables, but was impaired
for trisyllabic words. On a sentence repetition task
adapted from Bayles [29], repetition of short sentences
was near ceiling, whereas repetition of longer sentences
was impaired.

Oral reading of text was examined using passages
10–14 (most difficult passages) of the Gray Oral Read-
ing Test (GORT-4). Pre-treatment assessment of oral
reading confirmed difficulty with production of mul-
tisyllabic words in sentence context. In fact, 95% of
speech errors occurred on multisyllabic words, which
GA typically attempted to self-correct. There was a
significant proportion (49%) of repeated attempts at
multisyllabic word production which were ultimately
unsuccessful.

2.2. Treatment design and treatment probes

Treatment consisted of structured oral reading of
text, with the goal of providing a framework for sys-
tematic rehearsal of multisyllabic word production in
sentence context. During treatment sessions, GA was
trained in self-detection and correction of speech errors
while reading text aloud. Weekly treatment sessions
were supplemented by oral reading practice at home.
The treatment approach involved the following steps:
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Table 1
Pre- and post-treatment assessments

Pre-Tx Post-Tx 3 mos. post 6 mos. post 1 year post

Mini Mental State Exam (30) 29 26 29 29 30
Western Aphasia Battery

Information content (10) 10 10 10 10 10
Fluency (10) 9 9 9 9 6
Comprehension (10) 9.75 10 10 9.8 9.75
Repetition (10) 9.4 9.4 9.2 9.5 8.9
Naming (10) 9.4 9.4 9.8 9.8 10
Aphasia Quotient 95.1 95.6 96 96.2 89.3

Motor Speech Evaluation- apraxia rating (0–7) 1 1 2 2 3
Motor Speech Evaluation- dysarthria rating (0–7) 0 0 1 1 1
UCSF sentence production (16) 16 16 16 16 16
UCSF sentence comprehension (24 or 48) 48 24/24 24/24 45/48 45/48
Pyramids and Palm Trees Test- pictures (52) 52 52
Boston Naming Test (60) 51 53
Boston Naming Test (15) 15 15 15
Reading words

Regular high frequency (20 or 10) 20 20 10 /10 10/10 10/10
Regular low frequency (20 or 10) 20 20 10/10 10/10 10/10
Irregular high frequency (20 or 10) 20 20 10/10 10/10 10/10
Irregular low frequency (20 or 10) 19 20 9/10 10/10 9/10
Nonwords (20 or 10) 20 20 10/10 10/10 10/10

Spelling words
Regular high frequency (20 or 10) 20 20 10/10 10/10 10/10
Regular low frequency (20 or 10) 20 20 10/10 10/10 10/10
Irregular high frequency (20 or 10) 20 19 10/10 10/10 10/10
Irregular low frequency (20 or 10) 20 18 10/10 10/10 10/10
Nonwords (20 or 10) 20 19 10/10 10/10 10/10

Word repetition x5 (correct repetition attempts)
Monosyllabic (120 or 60) 120 120 60/60 60/60 60/60
Trisyllabic (120 or 60) 96 117 57/60 59/60 59/60

Sentence repetition (syllables correctly repeated)
Short sentences (60) 59 60 60 60
Long sentences (135) 106 121 116 111

Note that shortened versions of some assessments were used at follow-up testing.

1. Text was read aloud until GA produced a word
incorrectly. Incorrect productionwas specified as
inability to produce a word in its entirety or a pro-
duction with one or more “major” speech sound
errors. We definedmajor errors as follows: sound
deletion, insertion, transposition, substitution, or
distorted substitution/insertion.

2. If the target was a multisyllabic word, it was un-
derlined in the text and lines were drawn divid-
ing the word into constituent syllables. The word
was then produced syllable-by-syllable until each
syllable was produced correctly, at which point
the whole word was repeated in a non-syllabified
manner. Single-syllable words were simply re-
peated (typically once) until produced correctly
in isolation.

3. Once the word was mastered in isolation, GA re-
turned to the beginning of the sentence and at-
tempted to produce the word correctly in sentence
context. If the word was again produced in error,

she returned to rehearsal of the word in isolation
(see step 2, above) and again attempted the word
in sentence context, until the entire sentence was
produced correctly.

Treatment was focused on detection and correction
of major speech sound errors or incomplete produc-
tions in multisyllabic words. Minor distortions (pho-
netic alterations that did not result in perception of a
different phoneme, deletion/transposition/addition of a
phoneme, or inability to produce a word in its entire-
ty) were not targeted during training sessions because
they did not disrupt intelligibility of speech to the same
degree as major sound errors. Further, the participant
could not be expected to reliably detect gradient pho-
netic changes to speech sounds. Sound prolongations
and increased intersegment durations were also not tar-
geted for treatment.

Treatment sessions were conducted by a licensed
speech-language pathologist (M.H.) and lasted for one
hour, once per week, for 12 weeks. During treatment
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sessions, one randomly-selected paragraph from the
previous week’s homework was read aloud in order
to assess pronunciation of words therein. Treatment
probe data were collected from these samples. Major
sound errors were recorded on-line and total number
of multisyllabic words with major sound errors was
recorded for each session. In addition, all underlined
words in the text (those that required rehearsal in isola-
tion) were elicited in sentence context in order to pro-
vide additional accountability for homework practice.
Words produced in errorwere practiced using steps 1–3
above. Subsequently, new text was trained using the
above procedure (for a minimum of 30 minutes of oral
reading). During each session, GA was asked to pro-
vide a spoken summary of the previous week’s read-
ing in order to encourage reading for comprehension at
home. The purpose of sessions with the clinician was
twofold: 1) to provide practice of multisyllabic words
using the training procedure described above and 2) to
check correct implementation of the training procedure
in order to guarantee that home reading practice was
conducted correctly.

Oral reading homework was completed at least five
times per week for 30–45 minutes per day. The same
text (typically 2–3 paragraphs)was reread several times
per homework session, using steps 1–3 above, until the
entire section was reliably produced without error. A
bookwas selected by the clinician whose subject matter
was of interest to the participant and which contained
frequent multisyllabic words. The same text was used
throughout. A representative sample of this text is
included below:

A shrinking minority of unreconstructed apologists
for Leninism clung to the past; but from Berlin
to Paris a new generation of Western progressives
sought solace and example outside of Europe alto-
gether, in the aspirations and upheavals of what was
not yet called the “Third World’.
–Post War: A History of Europe since 1945 by Tony
Judt

In the initial treatment session, it was observed that GA
detected words produced in error (as defined above)
during oral reading with 100% accuracy, and in subse-
quent treatment sessions, she maintained this ability to
self-detect major speech errors with a very high degree
of accuracy. On the rare occasion that GA produced
an error and did not detect it, reading was stopped by
the clinician and the word was rehearsed until correct
production was achieved.

GA was encouraged to continue her home reading
practice after weekly sessions (i.e., the active treatment

phase) with the clinician were concluded. At each of
the follow-up assessments, she confirmed that she had
continued her reading practice at least 4–5 times per
week since the conclusion of sessions with the clini-
cian. We will refer to follow-up assessments as “post-
treatment” time points because they were conducted
after the conclusion of sessions with the clinician and
because there was no longer any direct accountability
for home practice. However, it should be noted that
home practice did continue in the interim.

2.3. Assessment of treatment effects

Production of multisyllabic words during reading of
novel texts was examined pre- and post-treatment and
at follow-up assessments using the Gray Oral Read-
ing Test-4 [30], which comprises passages of increas-
ing difficulty and has two formats, which were used
alternately. Each word was coded on-line as correct-
ly produced on first attempt or incorrectly produced.
Words that were not produced correctly were further
sub-classified into those that were produced correctly
after at least one repeated attempt and those that were
not ultimately produced correctly (either after repeated
attempts or not). Incorrect productions included in-
complete attempts (i.e., partial productions) or those
with speech sound errors (substitutions,additions, dele-
tions or transpositions of sounds as well as distorted
substitutions/additions). Minor sound distortions (gra-
dient phonetic errors that did not result in perceived
production of a different phoneme) were not counted
as frank speech errors, but were coded. Samples were
audiotaped and re-coded by the clinician after each ses-
sion. For all reading probes, videotaped samples were
also independently coded by another speech-language
pathologist (S.T or M.M). Overall interrater reliability
(percent agreement) for error coding was 93% and in-
consistencies were resolved via consensus by review-
ing videotaped samples. Speech errors were examined
in connected speech via analysis of the WAB picture
description using the same procedures.

The speech and language battery was repeated at
post-treatment and follow-up sessions, using abbreviat-
ed versions of certain tests. Changes in performance on
reading probes were examined using Wilcoxon signed
rank tests. Performance on theMotor SpeechExamina-
tion (MSE) was rated by a speech-language pathologist
who did not see the patient for treatment (M.B.). The
MSE was videotaped at each time point and the videos
were reviewed and rated in a randomized order. Finally,
we used a post-treatment survey, administered remote-
ly via the internet, in order to gauge GA’s perception of
functional changes brought about by treatment.
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Fig. 2. Proportion of multisyllabic words produced with major speech errors in probes of trained homework text during treatment sessions.

3. Results

3.1. Multisyllabic word production during reading
probes from trained homework text

Reading performancewas probed in weekly sessions
using a randomly-selected paragraph from text trained
as homework the previous week. Performance on these
probes (proportion of multisyllabic words with major
speech sound errors) is depicted in Fig. 2. The figure
shows that multisyllabic word production in trained text
became more accurate and stable over the course of
treatment andwas error-free over the last four treatment
sessions.

3.2. Multisyllabic word production during oral
reading of untrained text

In order to assess whether our oral reading treatment
could improve production of multisyllabic words dur-
ing oral reading of difficult, untrained text and to ex-
amine the long-term effects of treatment, we adminis-
tered the GORT-4 at post-treatment and follow-up as-
sessments. Figure 3 depicts the proportion of multi-
syllabic words that were produced in error (excluding
minor distortions) during reading probes. Wilcoxon
signed rank tests (one-tailed) confirmed a significant
reduction in speech errors on multisyllabic words at
post treatment (Z = −2.02, p = 0.02), three months
post-treatment (Z = −2.02, p = 0.02), six months
post-treatment Z = −2.02, p = 0.02) and one year
post-treatment (Z = −1.75, p = 0.04). When exam-

ining all word types together (single and multisylla-
ble), very similar results were observed (post-treatment
(Z = −1.75, p = 0.04), three months post treatment
(Z = −2.02, p = 0.02), six months post-treatment
treatment (Z = −1.6, p = 0.05), one year post-
treatment treatment (Z = −2.02, p = 0.02)). These
results confirm that oral reading treatment significantly
improvedproductionof multisyllabicwords during text
reading and that this pattern held when examining all
word types combined. Figure 3 also shows the propor-
tion of multisyllabic words produced in error that were
self-corrected versus those that were not. There was a
significant increase in the proportion of speech errors
that were self-corrected at post treatment (Z = −1.75,
p = 0.04) and at the three month follow-up assessment
(Z = −1.86, p = 0.03). Six-month (p = 0.17) and
one-year (p = 0.24) follow-up assessments were not
significantly different from pre-treatment with regard
to proportion of speech errors that were self-corrected.

Minor distortions (phonetic alterations that did not
result in production of an incorrect speech sound or
inability to produce a word in its entirety) were not
targeted during training sessions; however, they were
coded and analyzed for GORT-4 passages. Figure 4
shows the proportion of multisyllabic words that were
produced with at least one minor distortion. The preva-
lence of minor distortions during oral reading of mul-
tisyllabic words did not change significantly from pre-
treatment to post-treatment (two-tailed p = 0.50) or
at the three or six month follow-up evaluations (p =
0.69 and p = 0.14, respectively). However, at one
year post-treatment, there was a significant increase in
the proportion of multisyllabic words produced with at
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Fig. 3. Proportion of multisyllabic words with major speech errors on the Gray Oral Reading Test (GORT-4, passages 10–14).

Fig. 4. Proportion of multisyllabic words with minor distortions (GORT-4).

least one minor distortion (Z = −2.02, p = 0.04). The
same pattern was observed when all words were eval-
uated together (post-treatment, p = 0.69; three months
post, p = 0.69; six months post, p = 0.23; one year
post-treatment (Z = −2.02, p = 0.04)). These find-
ings indicate that the rate of occurrence of minor dis-
tortions did not increase or decrease as a result of treat-
ment and that these behaviors remained stable until
one year post-treatment, at which point their frequen-
cy increased. Figure 5 depicts reading rate in words
per minute, averaged across the five GORT passages at
each time point. Reading of novel text showed a gradu-
al slowing over time. Reading rate was not significantly
slower at post-treatment (one-tailed p = 0.25) or three
months post-treatment (p = 0.11), but was significantly
slower at six-month (Z = −2.02, p = 0.02), and one
year (Z = −1.76, p = 0.04) follow-up assessments.

In order to examine generalization of treatment ef-
fects to untrained tasks and contexts, GA’s speech pro-
duction was assessed during repeated production of
mono- and trisyllabic words and during sentence rep-
etition (Table 1). Repetition of monosyllabic words
(x5) and short sentences remained stable across time
points. Tri-syllabic word repetition improved consid-
erably from pre- to post-treatment, with maintenance
at three months, six months, and one year post-
treatment. Repetition of long sentences was improved
post-treatment, with some degree of maintenance at
three and six months post-treatment. GA’s speech pro-
duction was also examined during connected speech
in a picture description task from the Western Aphasia
Battery (Fig. 6). The frequency of major speech sound
errors and minor distortions in connected speech did
not change considerably from pre-treatment to any of
the post-treatment time points.
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Fig. 5. Reading Rate for GORT-4 passages.

Fig. 6. Speech errors during picture description from the WAB.

3.3. Post-treatment and follow-up speech and
language evaluations

Scores on the WAB remained relatively constant
across treatment and follow-up assessments up to the
six month follow-up, as reflected by little change in the
Aphasia Quotient (Table 1). At the one year follow-
up assessment, WAB AQ dropped nearly seven points.
This change was due to a reduction in the fluency
rating brought about by impaired speech production.
AOS rating on the Motor Speech Evaluation did not
change from pre-to post-treatment. At three months
post-treatment, AOS severity was noted to have wors-
ened. Changes in voice quality (harshness and breath-

iness) and decreased pitch and loudness were also ob-
served. At one year post-treatment, AOS severity was
again noted to have worsened. Changes in AOS sever-
ity at 3 months and one year were largely due to an
increase in what we have termed “minor distortions” as
well as a slower rate of speech, increased frequency of
pauses within and between words, and further reduc-
tion in prosody. Syntactic and semantic assessments
and single-word reading/spelling showed little change
over time.

3.4. Post-treatment survey

Table 2 shows results of a post-treatment survey ex-
amining GA’s self-ratings of treatment effects. GA in-
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Table 2
GA’s self-ratings of treatment effects

Since you began oral reading treatment, how would a lot some-what un- some-what a lot
you rate your worse worse worse changed better better better

(1) (2) (3) (4) (5) (6) (7)

−Reading fluency (ability to read smoothly and without errors) X
−Speakingfluency (ability to speak smoothly andwithout errors) X
−Comfort level while reading aloud X
−Comfort level while speaking X
−Reading comprehension (ability to understand written pass-
ages)

X

−Word production (ability to produce single words with several
syllables)

X

−Sentence production (ability to speak in complete sentences
without errors)

X

−Ability to detect any errors in your speech X
−Ability to correct your own speech errors when they occur X
−Ability to assign proper stress to words when reading or
speaking

X

−Confidence in communication with your primary communica-
tion partner (e.g., spouse)

X

−Confidence in communication with familiar people X
−Confidence in communication with unfamiliar people X
−Frustration level during communication exchanges with pri-
mary communication partner

X

−Frustration level during communication exchanges with famil-
iar people

X

−Frustration level during communication exchanges with unfa-
miliar people

X

dicated that she perceived improved performance and
comfort level in reading aloud and speaking (fluency),
as well as improvements in multisyllabic word pro-
duction, sentence production, and stress assignment in
words post-treatment. She also indicated improved
confidence and reduced frustration in communication
with both familiar and unfamiliar people as a result of
treatment.

4. Discussion

Individuals with the nonfluent variant of PPA often
face a slow decline in motor programming ability for
speech, or AOS, in the relative absence of other linguis-
tic and cognitive deficits [16,23]. These patients ulti-
mately become mute and reliant on augmentative and
alternative communication (AAC) strategies/devices.
Whereas AAC approaches provide an important sub-
stitute for or complement to spoken communication in
many individuals, the loss of spoken language is devas-
tating and debilitating and patients frequently express a
desire for behavioral treatment options to help manage
motor speech deficits.

Individuals with PPA may benefit from strategies to
improve speech productionwhen their impairments are
still mild and, potentially, slow the inevitable progres-

sion of their difficulties. Despite the need for rehabil-
itation strategies addressing the motor speech deficits
observed in nonfluent variant PPA, there have been
virtually no investigations of such treatments that we
are aware of to-date. Attempts to rehabilitate AOS in
stroke patients, while promising, are often not appro-
priate in patients with mild AOS due to progressive
disease. These treatments are typically designed to ad-
dress severe motor speech planning deficits, with single
sound, syllable, or monosyllabic word targets that are
not appropriate for mild cases.

We attempted to address the need for treatment re-
search in this area by implementing a novel treatment
approach with an individual with mild AOS associated
with nonfluent PPA. The treatmentwas designed to pro-
vide a context within which to rehearse self-detection
and correction of speech sound errors due to AOS, with
the specific goal of improving multisyllabic word pro-
duction during oral reading. We sought to determine
whether structured oral reading practice can improve
production of multisyllabic words during text reading,
whether treatment effects generalize to untrained be-
haviors, and also to examine the long-term effects of
treatment.

Over the course of this intervention, GA showed a
decrease in major speech errors on multisyllabic words
in trained text, with error-free reading of these words
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over the last few treatment sessions. She also showed a
decrease in major speech errors on multisyllabic words
(and all words) when reading difficult untrained text
(GORT-4 passages 10–14) as well as an increase in suc-
cessful self-corrections post-treatment. This improve-
ment was maintained up to 1 year following the com-
pletion of treatment with the clinician, with continued
home practice. The frequency of speech sounds with
minor distortions did not change from pre- to post-
treatment, but did remain stable until at least six months
after treatment with the clinician was completed. With
regard to generalization, we observed improved speech
production during repetition of long sentences at post-
treatment and improvement on repeated production of
trisyllabic words up to one year post-treatment, sug-
gesting that treatment effects generalized to untrained
tasks.

In addition, we observed little change in the fre-
quency of major speech sound errors during connected
speech probes up to one year post-treatment, suggest-
ing that treatment may have helped to stabilize speech
production in non-reading contexts. However, an in-
crease in phonetic distortions on consonants and vow-
els, slowed speech rate, and an increase in the num-
ber of pauses within and between words resulted in
a greater AOS severity rating on the MSE, a test that
is designed to elicit motor speech errors in AOS and
dysarthria by taxing the speech production system with
a variety of tasks. This worsening of the AOS severity
rating reflects a continuing decline in certain aspects of
motor programming for speech that was not captured
by oral reading and connected speech probes. For ex-
ample, diadochokinetic productions were increasingly
slow and irregular over time. In addition, the MSE
rating is a subjective measure that likely takes into ac-
count the overall effortfulness of speech production and
visually observable behaviors, such as groping of the
articulators, which were not reflected in our treatment
outcome measures.

In addition to our observations that speech error rates
declined as a result of treatment, GA indicated that
she perceived improvement in her own speaking and
reading, as well as increased confidence and decreased
frustration when communicating with others. She also
reported that friends and family who were unaware of
her participation in this study indicated that her speech
intelligibility was improved after treatment.

Oral reading of text provides a context within which
to rehearse production of multisyllabic words in con-
nected speech. Treatment techniques for AOS have in-
corporated written word forms, but no previous treat-

ment paradigm has focused on use of the written word
as a primary cue for speech production. Our method,
wherein GA broke the written word down into con-
stituent syllables and produced the word syllable-by-
syllable, may have provided visual cues via orthogra-
phy that helped to guide implementation of the correct
speech motor program. Short words are typically pro-
ducedwith less difficulty in individualswith AOS, like-
ly because of reduced complexity of motor program-
ming. By breakingmultisyllabicwords into constituent
syllables, the motor programmingdemands are reduced
to syllable-sized chunks. Application of this technique
in the context of reading aloud enables the visual word
form to serve as a guide to correct production of each
sound and syllable in the proper sequence.

It is our conclusion that changes in GA’s oral read-
ing and speech performance reflected improvements in
motor planning for multisyllabic words. However, we
acknowledge that our classification scheme for speech
sound errors in this study assumed that all errors were
motor, rather than phonological, in nature, even when
sounds were not produced in a distorted manner. Major
sound errors, which were the object of treatment, were
defined as distorted or non-distorted productions that
resulted in perception of a substituted, deleted, trans-
posed, or added phoneme or in an incompletely pro-
duced target. We cannot rule out the possibility that
some portion of these errors arose at a phonological
level. However, GA’s overall pattern of speech impair-
ment was highly consistent with AOS, she was classi-
fied as non-aphasic by the WAB (AQ of 93.8 or higher),
and she performedwithin the normal range onmeasures
of naming, reading, and writing, all of which reflect a
relative sparing of phonological processing. Therefore,
we are confident that the majority of errors targeted
in treatment and quantified by our outcome measures
arose at the level of motor planning and that this is the
level at which change was brought about by treatment.

Our preliminary findings in this case suggest that
structured oral reading treatment for multisyllabic
words may hold promise as a feasible, cost-effective,
and efficient means of delivering therapy for patients
with nonfluent variant PPA. First, it is simple to imple-
ment and can be tailored to any difficulty level, from
very complex text, as was used with GA, to simple pas-
sages conveying personal information that may serve
as material for script training in more severely apraxic
individuals. Our participant, GA, was very accurate at
self-detection of major speech sound errors and failed
attempts at word production. This skill is critical to
the implementation of this procedure outside the clinic.
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Once it is ascertained that the participant can reliably
detect speech sound errors, however, it is possible to
complement treatment sessions with the clinician with
homework practice, allowing the individual to receive
therapeutic stimulation daily. It is quite likely that GA’s
maintenance of treatment effects after cessation of ses-
sions with the clinician was due to her continued oral
reading practice at home.

Finally, the treatment has the potential to stimulate
and even improve grammatical processing in agram-
matic patients, as has been shown with other oral read-
ing treatments in aphasia resulting from stroke [20].
This is important given that many individualswith non-
fluent PPA will ultimately develop impairments of syn-
tactic comprehension and production with disease pro-
gression. Thus, oral reading treatment may prove ben-
eficial for both motor speech and, ultimately, syntactic
impairments observed in nonfluent variant PPA. Be-
cause GA was still near ceiling on measures of syn-
tactic processing post-treatment, the latter will require
systematic examination in future patients.

We have presented a novel approach to treatment
of motor speech impairment in nonfluent variant PPA.
This structured oral reading treatment, designed to fa-
cilitate self-detection and correction of speech errors on
multisyllabic words, resulted in a reduction of speech
errors on trained and untrained tasks and behaviors that
was maintained for one year after the end of treatment
with the clinician. This study provides an initial ac-
count of the utility of this type of treatment in mild
AOS, which will need to be explored further and repli-
cated with a larger group of individuals.
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