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Abstract

Primary progressive aphasia (PPA) and primary progressive apraxia of speech (PPAOS) are neurodegenerative syndromes
characterized by progressive decline in language or speech. There is a growing number of studies investigating speech-
language interventions for PPA/PPAOS. An updated systematic evaluation of the treatment evidence is warranted to inform
best clinical practice and guide future treatment research. We systematically reviewed the evidence for behavioral treatment
for speech and language in this population. Reviewed articles were published in peer-reviewed journals through 31 May 2021.
We evaluated level of evidence, reporting quality, and risk of bias using a modified version of the American Speech-Language
Hearing Association (ASHA) Levels of Evidence, an appraisal point system, additional reporting quality and internal/external
validity items, and, as appropriate, the Single Case Experimental Design Scale or the Physiotherapy Evidence Database —
PsycBITE Rating Scale for Randomized and Non-Randomized Controlled Trials. Results were synthesized using quantitative
summaries and narrative review. A total of 103 studies reported treatment outcomes for 626 individuals with PPA; no studies
used the diagnostic label PPAOS. Most studies evaluated interventions for word retrieval. The highest-quality evidence was
provided by 45 experimental and quasi-experimental studies (16 controlled group studies, 29 single-subject designs). All
(k=45/45) reported improvement on a primary outcome measure; most reported generalization (k=34/43), maintenance
(k=34/39), or social validity (k=17/19) of treatment for at least one participant. The available evidence supports speech-
language intervention for persons with PPA; however, treatment for PPAOS awaits systematic investigation. Implications
and limitations of the evidence and the review are discussed.

Keywords Primary progressive aphasia - Primary progressive apraxia of speech - Semantic dementia - Frontotemporal
dementia - Speech therapy - Systematic review

Abbreviations SCED Single-case experimental design
AAC Augmentative and alternative communication SSPP Single-subject pre-post design
AOS Apraxia of speech SSPP+ Single-subject pre-post designs that included at
APS Appraisal point system least two measurements of the target behavior
IvPPA Logopenic variant primary progressive aphasia in the baseline phase, a statistical analysis of
nfvPPA  Nonfluent variant primary progressive aphasia change across study phases accounting for both
PEDro-P  Physiotherapy Evidence Database — PsycBITE measurements in the baseline phase, and a
Rating Scale for Randomized and Non- control condition or control items
Randomized Controlled Trials svPPA Semantic variant primary progressive aphasia
RCT Randomized controlled trial tDCS Transcranial direct current stimulation
PPA Primary progressive aphasia

PPAOS  Primary progressive apraxia of speech Introduction

Primary progressive aphasia (PPA) is a debilitating neuro-
degenerative syndrome in which progressive deterioration
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presents as the prominent symptom (Gorno-Tempini et al.,
2011; Goyal et al., 2021; Vitali, 2022) with relative spar-
ing of other cognitive, motoric, and behavioral functions
(Mesulam, 1982, 2001; Montembeault et al., 2018; Sonty
et al., 2003; Tee & Gorno-Tempini, 2019). A related dis-
order that has been defined more recently is primary pro-
gressive apraxia of speech (PPAOS), which affects speech
praxis in the absence of significant linguistic deficits
(Duffy et al., 2015). PPA and PPAOS are now identified
with greater accuracy and frequency, and individuals with
PPA and PPAOS, as well as their families, increasingly
seek options for treatment. With distinctive language or
speech features and an inevitable decline in function, these
syndromes present unique clinical challenges for speech-
language clinicians.

There are no pharmacologic agents proven to significantly
benefit or halt the progression of the core speech/language
symptoms in PPA/PPAOS (Tsai & Boxer, 2016). Modest
effects of pharmacological treatment for Alzheimer’s disease
may improve function in some persons with logopenic PPA
or other PPA/PPAOS syndromes associated with Alzhei-
mer pathology (Kobayashi et al., 2016; Trinh et al., 2003),
and some selective serotonin reuptake inhibitors (SSRIs)
can improve behavior in PPA syndromes associated with
frontotemporal lobar degeneration (Ljubenkov & Boxer,
2021). Historically, however, persons with PPA/PPAOS
have been offered few non-pharmacologic treatments for
speech, language, and communication, despite the recent
proliferation of empirical studies investigating such interven-
tions in this population. This has been due both to limited
understanding of PPA and PPAOS by health professionals,
and to uncertainty regarding the value, feasibility, and long-
term benefit of behavioral treatment for individuals facing
progressive disease. There is, therefore, a critical need for
evidence addressing the efficacy of interventions to improve
or maintain speech and language in PPA and PPAOS. A new
systematic evaluation of the treatment evidence is warranted
to inform best clinical practice and guide future treatment
research. The present systematic review focuses on behavio-
ral (i.e., non-pharmacological, non-neuromodulatory) treat-
ments for speech and language symptoms associated with
PPA and PPAOS. As background to the review, we describe
the current diagnostic framework for PPA and PPAOS, the
impacts of these disorders, the behavioral interventions
available for speech and language in PPA, and the rationale
and objectives for the systematic review.

Current Diagnostic Framework for PPA and PPAOS
Current diagnostic criteria (Gorno-Tempini et al., 2011;

Mesulam, 2001) for PPA require that a progressive com-
munication deficit is the most prominent clinical feature
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and primary cause of impaired activities of daily living. The
communication impairment must be caused by neurodegen-
erative disease and not by other neurological or psychiatric
conditions. Prominent non-language impairments (cognitive,
motoric, or behavioral disturbance) early in the disease pro-
cess are exclusionary.

Three clinical variants of PPA are widely recognized by
clinical and research communities. The nonfluent/agram-
matic variant (nfvPPA) is characterized by agrammatic
language production (i.e., utterances that lack appropriate
grammatical structure) or effortful, halting speech (motor
speech impairment consistent with apraxia of speech with
or without dysarthria; Gorno-Tempini et al., 2011; Rohrer
et al., 2010a, b). At least two of the following associated
features must be present: impaired syntax comprehension,
spared single word comprehension, and intact object knowl-
edge. Neuroimaging shows left posterior-frontal/insular atro-
phy (Mandelli et al., 2018). The semantic variant (svPPA)
presents with impaired confrontation naming (i.e., difficulty
naming an object or its picture) and single word comprehen-
sion, with at least three of the following associated features:
impaired object knowledge, surface dyslexia or dysgraphia
(i.e., difficulty reading or spelling irregular words [e.g.,
“colonel”]), spared repetition, spared grammar, and spared
motor speech abilities (Gorno-Tempini et al., 2011; Hodges
& Patterson, 2007). Neuroimaging shows a characteristic
(left hemisphere greater than right) anterior temporal pat-
tern of atrophy (Hodges et al., 1992; Rosen et al., 2002). The
logopenic variant (IvPPA) is characterized by impaired word
retrieval and phrase/sentence repetition, as well as three
of the following associated features: phonological errors
(i.e., well-articulated sound errors) in speech production,
spared grammar, spared single word comprehension, and
spared motor speech abilities (Conca et al., 2022; Gorno-
Tempini et al., 2011; Rohrer et al., 2010a, b). Atrophic
changes are predominantly observed in left temporoparietal
areas (Gorno-Tempini & Brambati, 2008; Teichmann et al.,
2013). Whereas the three variants specified by the consensus
paper account for the majority of cases, unclassifiable and
“mixed” PPA presentations comprise 10-41% of reported
cases (Gil-Navarro et al., 2013; Gorno-Tempini et al., 2011;
Harris et al., 2013; Mesulam et al., 2012; Sajjadi et al., 2012;
Utianski et al., 2019). Histopathological findings overlap
across the three consensus variants and include FTLD-tau
inclusions, transactive response DNA-binding protein of
43kDA (TDP-43) inclusions, and Alzheimer-type pathology,
with nfvPPA most likely to be associated with FTLD tau,
svPPA with TDP-43, and IvPPA with Alzheimer pathology
(Gorno-Tempini et al., 2011; Rohrer et al., 2012; Spinelli
et al., 2017).

Individuals with PPA eventually develop additional cog-
nitive, behavioral, and motor features. Those with nfvPPA
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may experience executive function deficits and motor
symptoms with progression (Karageorgiou & Miller, 2014;
Kertesz et al., 2005); those with svPPA may develop face
processing deficits, disrupted sleep, changes in appetite,
changes in libido, emotional blunting, disinhibition, and
other changes in behavior (Karageorgiou & Miller, 2014);
those with IvPPA may develop episodic memory deficits
(Eikelboom et al., 2018; Leyton et al., 2013; but for an alter-
native view see Mesulam et al., 2021), limb apraxia, and
visuospatial deficits (Marshall et al., 2018).

The diagnosis of PPAOS has been applied (Duffy et al.,
2015; Josephs et al., 2012) in cases where progressive
apraxia of speech (AOS) occurs in the absence of signifi-
cant language decline. There are changes in speech timing
(e.g., slow speech rate, slow transitions between speech
sounds within words, pauses between syllables, and length-
ened speech sounds) and reduced accuracy in pronouncing
speech sounds (e.g., distortions, additions, repetitions, and
substitutions of sounds), attributed to disordered planning or
programming of sensorimotor commands for speech move-
ments (Botha & Josephs, 2019). Histopathology in well-
characterized cases is almost exclusively FTLD-tau (Botha
& Josephs, 2019), and in a longitudinal case series, five of
13 individuals with PPAOS developed the motoric and other
deficits seen in progressive supranuclear palsy syndrome
(Josephs et al., 2014).

In the absence of population-wide epidemiological
studies, it is difficult to reliably estimate the number of
individuals with PPA or PPAOS (see Supplementary Mate-
rials 1 for details about the following estimates). Existing
reports have yielded estimates of PPA prevalence in the
order of 3—4 per 100,000 (3.66 per 100,000 estimated from
Coyle-Gilchrist et al. (2016); 3.23 per 100,000 reported
by Magnin et al. (2016); 3.54 per 100,000 estimated from
Borroni et al. (2010)). There have been no systematic
epidemiological studies of PPAOS, but one estimate sug-
gested that the prevalence of PPAOS may be close to 2 per
100,000 (Botha & Utianski, 2020).

Impacts of PPA and PPAOS on the Individual, Their
Close Others, and Community

The lived experience of a progressive language or speech dis-
order differs across individuals due to variability in disease
factors (symptoms, severity, and rate of decline) as well as
unique personal and social factors. The impacts include direct
consequences of linguistic, motoric, and cognitive changes,
including difficulty with communicating, completing activi-
ties of daily living (Moeller et al., 2021; O’Connor et al.,
2014; Wicklund et al., 2007), and participating in life roles
such as parenting, working, and maintaining social relation-
ships (Morhardt et al., 2015, 2019; Weintraub et al., 2005).

There are also legal and financial consequences (Kindell
et al., 2015), which may be magnified for individuals with
symptom onset prior to 65 years (Karageorgiou & Miller,
2014), as they are still in their prime earning years (Galvin
et al., 2017) and may have significant financial, occupational,
and parenting responsibilities.

There are also psychoemotional impacts for individuals
with PPA and their close others (Cuijpers, 2005; Davies
& Howe, 2019; Duffy et al., 2020; Kindell et al., 2014;
Medina & Weintraub, 2007; Ruggero et al., 2019) such as
feelings of embarrassment, self-consciousness, and frus-
tration over communication difficulties, or worry, anxi-
ety, and grief associated with the prognosis of progressive
decline. Additionally, PPA care partners find communica-
tion increasingly difficult with disease progression (Davies
& Howe, 2019; Riedl et al., 2014) and may grieve the loss
of emotional connection with their loved one (Kindell et al.,
2014; Pozzebon et al., 2016). It is unsurprising, therefore,
that depression is common in people with PPA and their
significant others (Cuijpers, 2005; Medina & Weintraub,
2007; Ruggero et al., 2019).

Interventions for PPA and PPAOS

The devastating and complex effects of PPA and PPAOS
have motivated a wide range of clinical intervention services
and treatment research. In the absence of proven pharmaco-
logical agents, behavioral treatment has the greatest potential
to ameliorate the impacts of speech, language, and com-
munication impairments in PPA (Hodges & Piguet, 2018;
Rogalski & Khayum, 2018). Behavioral treatment may
target speech, language, and communication using listen-
ing, speaking, reading, writing, and other communicative
activities and tasks. Targeted behaviors include but are not
limited to receptive language processing and comprehen-
sion, intelligible speech production, lexical retrieval (i.e.,
word finding), sentence or discourse production, use of
communication devices or other alternative communication
modalities, and strategies for conversation and functional
communication.

Four previous systematic reviews (Cadoério et al., 2017;
Carthery-Goulart et al., 2013; Cotelli et al., 2020; Volkmer
et al., 2020a) have investigated treatment outcomes from
behavioral interventions for communication in PPA. These
reviews evaluated the evidence base supporting recom-
mendations for cognitive rehabilitation (Carthery-Goulart
et al., 2013), treatment maintenance and generalization fol-
lowing semantic therapy (Caddrio et al., 2017), efficacy of
lexical retrieval treatment with and without accompanying
transcranial direct current stimulation (tDCS) (Cotelli et al.,
2020), and the effectiveness and key components of func-
tional communication interventions (Volkmer et al., 2020a);
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see Supplementary Materials 2 for additional information.
These reviews concluded that there is sufficient evidence to
recommend lexical retrieval treatment as a “Practice Option”
(Cicerone et al., 2000) for individuals with svPPA (Carthery-
Goulart et al., 2013); that there is some maintenance of
direct lexical retrieval treatment gains at varying intervals
post-treatment for many individuals (Cadério et al., 2017);
that augmenting lexical retrieval treatment with tDCS results
in small, direct, and generalized gains as well as mainte-
nance of those gains (Cotelli et al., 2020); and that activity-
and participation-directed communication interventions can
lead to gains in functional communication (Volkmer et al.,
2020a).

Rationale for Systematic Review

Despite a robust literature base documenting the benefits
of speech-language interventions for aphasia (Brady et al.,
2016; Breitenstein et al., 2017; Shrubsole et al., 2016) and
apraxia of speech (Ballard et al., 2015; Munasinghe et al.,
2023; Wambaugh et al., 2006) caused by stroke, treatment
for speech or language disorders in PPA and PPAOS is less
widely implemented and evaluated. There are low refer-
ral rates (Taylor et al., 2009; Volkmer et al., 2020b) and
continued clinical skepticism among referring and treating
clinicians regarding the potential benefit of intervention for
progressive disorders, especially regarding communicative
impact beyond the clinic (i.e., social validity; Cupit et al.,
2010).

The current review was undertaken as new behavioral
treatment studies have proliferated since the first systematic
review investigated primary outcomes, generalization, and
maintenance of cognitive rehabilitation outcomes in PPA
(Carthery-Goulart et al., 2013), because the social validity
of behavioral speech or language treatment for PPA has not
yet been systematically reviewed, and because no systematic
review of treatment for PPAOS has been conducted.

Objectives

The Academy of Neurologic Communication Disorders and
Sciences (ANCDS) convened a panel of experts in PPA and
PPAOS to conduct a systematic review of studies reporting
treatment outcomes from behavioral (non-pharmacologic,
non-neuromodulatory) interventions targeting speech or lan-
guage in PPA or PPAOS. Studies of behavioral treatments
administered in conjunction with pharmacological and neu-
romodulatory treatments were also included. The aim of the
review was to address the following questions:

1. What evidence exists to support behavioral treatment for

speech or language in PPA and PPAOS, and what is the
quality and credibility of this evidence?
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2. Does the evidence indicate that behavioral treatment for
speech or language in PPA or PPAOS results in (i) improve-
ment in trained skills/targets compared to baseline, control
condition, or a comparison group; (ii) improvement in
untrained skills/targets (generalization); (iii) maintenance
of treatment gains beyond the immediate post-treatment
period; or (iv) socially validated treatment gains?

Methods

The procedure for this review was adapted from protocols
developed by the ANCDS systematic review committee for
AOS (Ballard et al., 2015; Wambaugh et al., 2006) and fol-
lowed PRISMA reporting guidelines (Liberati et al., 2009).
The ANCDS Evidence-Based Clinical Research Commit-
tee Chair appointed the review committee chair (MH), who
then invited ANCDS members and others to participate in
the review. The committee comprised 12 individuals from
the USA, Canada, and Australia with extensive research and
clinical experience with PPA or PPAOS and two additional
members who assisted with procedural aspects of the review.

Eligibility Criteria

For inclusion in the review, studies were required to (a) be
original research (i.e., studies reporting on new research con-
ducted by the study authors themselves); (b) be published
before May 31, 2021, in a peer-reviewed journal (exclusive
of conference abstracts); (c) investigate behavioral treatment
for speech or language; (d) be conducted with one or more
persons with a diagnosis of PPA or PPAOS; and (e) report
treatment outcomes for at least one individual. Studies of
behavioral treatment administered in conjunction with neu-
romodulation or sham neuromodulation, or in conjunction
with a pharmacological agent or placebo, were included,
but studies in which tDCS or a pharmacological agent were
administered in the absence of behavioral treatment or in
conjunction with a non-therapeutic task were not included.

Information Sources

The following nine databases were queried: Medline; CINAHL
(all via EBSCOhost); Embase; PsycInfo; ComDisDome;
Scopus; and Web of Science. In consultation with a research
librarian, an initial search was conducted on August 22, 2016,
and was updated on October 6, 2020, and June 9, 2021.

Search Strategy

The following search terms using Boolean operators were
applied in all databases: (“primary progressive aphasia” or
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“primary progressive apraxia” or ‘“‘semantic dementia”) AND
TS =(tdcs OR “transcranial direct current stimulation” OR
(( semantic OR speech OR behavior* OR behaviour* OR
language OR spelling OR naming OR anomia) NEAR/5
(therap* OR treatment OR intervention* OR train* OR
rehab*)) OR “speech language”). TMS and transcranial mag-
netic stimulation were not included as search terms; the small
number of TMS treatment studies identified via hand-searching
did not include a behavioral treatment component. The search
was limited to papers written in the English language.

Reference lists from previously published reviews and
from papers included in the review were hand-checked for
additional relevant titles and the abstracts of those articles
were also screened.

Study Selection

Covidence software was used for screening of studies.
The software automatically removed duplicates at the time
articles were imported. Two reviewers then independently
screened titles and abstracts for relevance and adherence
to inclusion criteria. Next, two reviewers independently
screened full texts of the remaining articles following the
title/abstract screening to ensure they met inclusion criteria
for formal review and contained sufficient detail for analysis.
The proportion of studies with inter-rater agreement regard-
ing eligibility for inclusion was 0.97 for the title/abstract
screen and 0.99 for the full text screen. Disagreements
between reviewers were resolved via consensus. Excluded
articles were not evaluated further.

Data Collection

Articles meeting inclusion criteria were distributed among
the review committee members, and data from each article
were extracted independently by two raters. The data extrac-
tion table and manual were modeled on materials used in
previous ANCDS systematic reviews (Ballard et al., 2015;
Wambaugh et al., 2006) and adapted based on participant,
treatment, and study design characteristics relevant for
PPA/PPAOS behavioral treatment studies. Raters were not
assigned papers on which they were an author or had any
involvement in conducting the research. Inconsistencies
between raters were resolved via consensus by a subset of
committee members. Subsequently, two authors (LW and
MH) reviewed consensus ratings for study type, reporting
quality, risk of bias, and level of evidence for treatment effi-
cacy for all studies to ensure consistency across all rater pairs.

Data Items

The following data items were extracted from studies meet-
ing inclusion criteria. The completed data extraction table

showing the consensus data is available at https://doi.org/10.
17605/0SF.10/Z5U8D (Henry et al., 2023).

Participant Characteristics and Diagnostic Information

The number of individuals with PPA or PPAOS who under-
went behavioral treatment for speech or language and the
number of control/other individuals were extracted. Indi-
viduals with PPA or PPAOS were assigned to the follow-
ing subtypes according to the diagnosis given by original
study authors: nfvPPA (including progressive nonfluent
aphasia, or PNFA, which was considered synonymous with
nfvPPA for the purpose of this review; PNFA was used
as the diagnostic label in only two studies included in the
review), sVPPA (including semantic dementia, which was
considered synonymous with svPPA for the purpose of this
review), IvPPA, mixed PPA, PPA not otherwise specified,
and PPAOS’.

Reviewers assigned a rating of 1-5 for each study to char-
acterize the level of evidence provided for the diagnosis of
PPA, with level 1 indicating that the diagnosis for PPA and
subtype were well supported by descriptive information and
assessment data, level 2 indicating that the diagnosis of PPA
but not the subtype was well supported, level 3 indicating
inadequate information to confirm PPA diagnosis or subtype
but with no exclusionary features noted, level 4 indicating no
description of characteristics in support of the diagnosis, and
level 5 indicating descriptions that were contradictory to the
stated criteria for the diagnosis of PPA or subtype or that no
diagnostic criteria were indicated. A table describing the lev-
els of evidence for diagnosis of PPA in more detail is provided
in Supplementary Materials 3. A similar 1-5 rating scheme
was used to characterize the diagnostic evidence for partici-
pants who were stated to exhibit AOS, adapted from previ-
ous reviews (Ballard et al., 2015; Wambaugh et al., 2006).
A description of the corresponding levels of evidence for
diagnosis of AOS is provided in Supplementary Materials 4.

To further characterize participants in each study, the fol-
lowing information was extracted, when available: age, sex,
time post-onset of symptoms, as well as sociodemographic,
clinical history, speech, language, cognitive, and behavioral
characteristics.

Treatment Characteristics

Raters briefly described treatment targets (the behaviors that
treatments are intended to change; Fridriksson et al., 2022)
and treatment techniques (activities or approaches used to
effect learning and to improve communication skills). They
also extracted mode of treatment delivery (e.g., in-person,
telerehabilitation); number, frequency, and duration of treat-
ment sessions; whether/what type of independent practice
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(e.g., homework) was conducted; and whether treatment
fidelity data were reported.

Effects of Treatment

For each paper, raters described the primary outcome meas-
ure and any secondary outcome measures. To character-
ize treatment outcomes, raters noted whether the authors
reported a significant change in the primary outcome
measure(s) compared to baseline or a control or compari-
son group or control items. Raters also documented, when
reported, generalization of treatment effects to untrained
behaviors, untrained stimuli, or different contexts/settings;
maintenance of outcomes and time-point(s) at which mainte-
nance was measured; and evidence of social validity. Raters
noted whether maintenance was measured relative to treat-
ment onset or relative to the post-treatment phase. Outside
the scope of the current review, raters also made observa-
tions about candidacy for treatments, authors’ rationales for
treatments, and authors’ interpretations of study findings;
these can be found at https://doi.org/10.17605/OSF.10/
Z5U8D (Henry et al., 2023).

Critical Appraisal
Study Types and Levels of Evidence for Treatment Efficacy

Study design type (e.g., single-case experimental design,
group experimental study) was extracted independently
by two raters and each study was assigned a level of evi-
dence following a modified version of the American Speech
and Hearing Association (ASHA) evidence classification
scheme for studies of treatment efficacy (ASHA, 2004)
(with additional review for consensus and consistency within
and across rater pairs, as noted above). The ASHA scheme
is itself adapted from the Scottish Intercollegiate Guideline
Network (SIGN, www.sign.ac.uk; Harbour & Miller, 2001)
Levels of Evidence framework; see Fig. 2 for further details.
The ASHA Levels of Evidence for Studies of Treatment
Efficacy are ranked according to quality and credibility from
highest/most credible (level Ia) to lowest/least credible (level
IV). The levels of evidence for studies of treatment efficacy
in this review were defined as follows:

e Level la—well-designed meta-analyses of > 1 rand-
omized controlled trial (RCT)

e Level Ib—well-designed randomized controlled study
(where “controlled” means inclusion of a comparison
group who were untreated or underwent a different treat-
ment condition; “randomized” means that participants
were randomly assigned to treatment conditions)

@ Springer

e Level Illa—well-designed controlled study without ran-
domization (where “controlled” means inclusion of a
comparison group who were untreated or underwent a
different treatment condition)

e Level IIb—well-designed quasi-experimental studies
(i.e., within-group pre-post studies with control condi-
tion/items, Single-Case Experimental Design (SCED)
studies as defined by Tate et al. (2008, 2013), and single-
subject pre-post designs that met the following addi-
tional criteria (hereafter designated as SSPP +): provided
at least two measurements of the target behavior in the
baseline phase, a statistical analysis of change across
study phases that accounted for the two baseline meas-
urements, and a control condition or control items

e Level III—well-designed nonexperimental studies (i.e.,
correlational and case studies, case series, group stud-
ies lacking a control group/condition/items) and single-
subject pre-post designs (SSPP) not meeting the criteria
for SSPP +

e [Level IV—expert committee report, consensus confer-
ence, clinical experience of respected authorities

Level of evidence was determined based on the experi-
mental conditions/study design used to evaluate the effect
of behavioral treatment, not the design of conditions eval-
uating pharmacological or neuromodulatory intervention
where these were also administered. For example, in neu-
romodulation studies where participants were randomized
to neuromodulation and sham groups to evaluate the effect
of neuromodulation on treatment outcomes (providing
level 1b evidence for the effect of neuromodulation), but
where the overall effect of the behavioral intervention was
only evaluated via within-group comparisons with control
items (e.g., Cotelli et al., 2014, 2016), the study was rated
level IIb.

Appraisal Point System

All studies were rated for reporting quality and risk of
bias using an appraisal point system (hereafter, APS),
which addresses study quality in both single-subject and
group designs (Oren et al., 2014). The APS contains nine
items, five of which are double-weighted, receiving two
points each (adequate comparison/control condition, ran-
dom assignment of participants to treatment condition,
adequate statistical reporting, clear reporting of materi-
als, clear reporting of procedures), and four of which are
single-weighted, receiving one point each (rationale for
the study, participant description, clinical significance,
and discussion/interpretation). The maximum score is
14 points.
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Single-Case Experimental Design Scale

SCED studies (i.e., withdrawal/reversal, multiple-baseline,
alternating treatments, and changing-criterion designs) were
rated using the Single-Case Experimental Design scale (Tate
et al., 2008, 2013) in addition to the APS.

Physiotherapy Evidence Database—PsycBITE Scale

Controlled group studies were rated using the Physiotherapy
Evidence Database—PsycBITE (PEDro-P) scale (Murray
et al., 2013), suitable for evaluating the methodological
quality of RCT and non-randomized controlled trials. Stud-
ies were only rated on PEDro-P if the controlled design is
applied to behavioral treatment.

Additional Characteristics

Several additional characteristics related to study reporting
and internal/external validity were also extracted: replica-
bility of study procedures, reliability of outcome measures,
and replication of treatment effects within a study.

Summary Measures

Participant information, including PPA subtype, age, sex,
and time post-onset as well as information regarding treat-
ment targets was summarized as counts for categorical
variables, values for numerical variables in single-subject
designs, or means with standard deviations for numeri-
cal variables in group studies. The number of studies that
employed each study design type and the number of stud-
ies providing each level of evidence were calculated. The
number of positive ratings for each item on the APS and
SCED scales were summed across studies to calculate the
proportion of studies that received credit for each individual
scale item. Inter-rater agreement on the itemized ratings for
APS, SCED, and PEDro-P prior to the resolution of rater
discrepancies was calculated.

Treatment characteristics and outcomes data from the
level I and level II studies that received 7 or more points
on the APS were summarized separately. This criterion
was determined a priori to select the higher-quality studies
among those meeting the inclusion criteria for the system-
atic review. Following Oren and colleagues (Oren et al.,
2014), we considered a score of 7 or greater on the APS
to indicate adequate reporting and acceptable risk of bias.
To score a minimum of 7 points on the APS, a study had
to receive full points on at least two of the five double-
weighted items, which are most important for internal

validity. Regarding treatment outcomes, an outcome was
operationally defined as positive when there was a signifi-
cant change on a primary outcome measure in the desired
direction, stability relative to a condition in which decline
was observed, or when generalization, maintenance, or
social validation was observed, based on the reported
results of the data analysis procedures selected by study
authors. For group studies, outcomes were determined at
the group level. For studies that included a series of single
subject designs, a study was considered to show a positive
outcome if at least one of the participants met the criteria
noted above.

Synthesis of Results

Results were compiled using quantitative summaries and
narrative synthesis.

Results
Study Selection

A total of 103 studies reporting behavioral treatment for
speech or language in PPA between 1994 and May 31, 2021,
were identified for inclusion (see Supplementary Materi-
als 5). The flow diagram for the search is shown in Fig. 1.
Database searching, augmented by hand-searching citations
within included studies, produced a total of 1670 citations,
with 725 remaining after automatic removal of duplicates.
Of these, 599 were discarded after reviewing the titles and
abstracts because they did not meet the search criteria. The
full text of the remaining 126 citations was examined and
an additional 23 papers were discarded because they were
not original peer-reviewed research articles or did not report
behavioral treatment for speech or language in one or more
individuals with PPA or PPAOS.

Study Characteristics

Data extracted for the 103 studies are shown in Table 1.
Participant Characteristics

The total number of study participants receiving behavioral
treatment for speech or language across the 103 studies was

626. Of these, 207 had nfvPPA, 199 had svPPA, and 176
had IvPPA. Forty-two participants were considered to have
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Fig. 1 Flow diagram illustrating
search process

Medline (n = 186)
Cinahl (n = 149)
Embase (n = 381)
PsycInfo (n = 191)
Comdisdome (n = 67)
Scopus (n =262

Records identified through
database searching (n = 1658)

Web of Science (n = 422)

Additional records identified
via hand searching (n=12)

l

A 4

Total identified through
search

Duplicates removed automatically
via Covidence (n = 941)

l

Records screened (Titles and

Abstracts) (n = 725) > Records excluded (n = 599)
Full-text articles excluded (n=23)
12 Conference proceedings

Full-text articles assessed for
eligibility (n = 126)

5 Duplicate
2 Review/tutorial/descriptive
paper or book chapter

treatment data

l 1 Case description without
1 Data only_ separate from paper

Studies included in the
review (n = 103)

1 Non-speech-language treatment
(tdcs only; object use in sVPPA)
1 Wrong etiology/not PPA or

PPA not otherwise specified, and two participants were con-
sidered to have mixed PPA. Twenty-nine participants in 12
studies were diagnosed with nfvPPA and noted to have AOS,
but no studies used the diagnostic label “PPAOS.”
Regarding level of evidence for PPA diagnosis, 44 stud-
ies (42.7%) were rated as level 1 (the highest level of evi-
dence; see Supplementary Materials 3). Twenty-nine studies
(28.2%) were rated as level 2. Eighteen studies (17.5%) were
rated as level 3. Seven studies (6.8%) were rated as level 4
and two (1.9%) as level 5. Three studies (2.9%) were given
more than one rating (level 1 and 2, level 1 and 3, level 3
and 5) due to variability in the level of diagnostic informa-
tion provided across participants to support stated diagnoses.
Levels of evidence for AOS diagnosis were generally
lower. Of the 12 studies that included participants reported
to have AOS, only one study (8.3%) was rated as level 1 (the
highest level of evidence; see Supplementary Materials 4);
one study (8.3%) was rated as level 3; eight studies (66.7%)
were rated as level 4; and two studies (16.7%) were rated
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as level 5. See Supplementary Materials 6 for a list of all
diagnostic evidence ratings for PPA and PPAOS.
Seventy-six studies analyzed data at the single-subject
level. Forty-four (57.9%) of those reported data from a sin-
gle participant; 67 (88.2%) from 5 or fewer participants.
Twenty-seven studies analyzed data at the group level (mean
number of participants=17.5; SD=11.1; range =4-40).
Of the studies reporting the sex of PPA participants, 292
(46.6%) were male, and 297 were female (47.4%). The sex of
nine participants was not reported, and the sex of 28 partici-
pants was uncertain because demographic data were reported
across participants with PPA and other dementias. The mean
age of participants in group design studies was 67.1 years
(SD=7.3; mean age for participants of one study not avail-
able) and in single-subject design studies was 64.4 years
(SD=7.6). Time post-onset of symptoms was inconsistently
reported. Across the 27 group design studies, a mean and
standard deviation for time post-onset was calculable for 15
studies (55.6%): mean time post-onset=4.6 years; SD=3.0.
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Table 1 Summary characteristics of studies included in review

Reference Study Type # of PPA Age Sex Time Post - Treatment Evidence APS
PPA Pts Subtype (years) Onset Targets Levels Total
(years)
Group design studies
Beales et al. Group 8 4 svPPA 64.25 5M,3F 2.1 Naming and 1Ib 9
(2021) Experimental 4 IvPPA (SD=6.4) (SD=1.0) Discourse
Cartwright and Group Non- 4 PPAnos 63 (SD=3.2) 1M,3F NR Discourse I 4
Elliott (2009) experimental
Cotelli et al. Group 16 tDCS: 63.4 6M, 10 F NR Naming 1Ib 10
(2014) Experimental nfvPPA (SD=6.8)
Sham: 70.4
(SD=6.8)
Cotelli et al. Group 18 nfvPPA 66.5 IM, 9F NR Naming IIb 8
(2016) Experimental (SD=9.5)
de Aguiar, Zhao, Group Non - 40 15 67.68 22M, 18 F 4.8 Spelling I 8
Ficek et al. (2020) experimental nfvPPA (SD=6.8) (SD=2.9)
8 svPPA
17 IvPPA
de Aguiar, Zhao, Group Non - 30 9 nfvPPA tDCS: 64.3, 15M,15F 4.7 Written naming 111 5
Faria et al. (2020) experimental 7 svPPA (SD=7.4), (SD=3.0) and Spelling
14 WPPA  sham: 68.8
(SD=5.1)
Dial et al. (2019) Group 31 10 LRT in- 13M, 18 F NR Naming and Ila 10
Experimental nfvPPA person: speech
10 svPPA 68.9 production/fluency
11 IvPPA (SD=7.1);
LRT
teletherapy:
61.0
(SD=6.3);
VISTA in-
person:
67.6
(SD=3.9);
VISTA
teletherapy:
67.8
(SD=7.3)
Farrajota et al. Group 10 Treated: Treated: Treated: 6 Treated: 2.4 Naming Ila 9
(2012) Experimental Treated; 2 nfvPPA 68.0 M, 4F Control: 1.6
10 Control 2 svPPA (SD=7.8) Control: 8
6 IvPPA Control: M.2F
Control: 66.2 ’
6 svPPA (SD=7.7)
4 IvPPA
Fenner et al. Group Non - 11 6 nfvPPA tDCS first: TM,4F tDCS first: Written naming 111 6
(2019) experimental 5 IvPPA 67.6 5.0
(SD=7.7); (SD=3.5);
sham first: sham first:
70.5 6.3
(SD=5.0) (SD=2.8);
Ficek et al. (2019) Group Non - 24 8 nfvPPA 67.2 13M,11F 4.9 Written naming I 6
experimental 8 svPPA (SD=6.5) (SD=3.0)
8 IvPPA
Flurie et al. (2020) Group 9 7 svPPA 64.22 NR 3.6 Naming ITb 8
Experimental 2 IvVPPA (SD=3.0) (SD=1.9)
Harris et al. (2019) Group Non - 22 10 66.9 11M,11F 5.0 Written naming 111 5
experimental nfvPPA (SD=7.5) (SD=3.0)
6 svPPA
6 IvPPA
Henry et al. (2018) Group 10 nfvPPA 67.7 4M,6F NR Speech 1Ib 12
Experimental with AOS (SD=5.5) production/fluency
Henry et al. (2019) Group 18 9 svPPA 65.3 TM,11F 4.6 Naming IIb 10
Experimental 9 IvPPA (SD=8.3) (SD=2.8)
Hung et al. (2017) Group 4 3 svPPA 68.3 2M,2F 3.6 Naming 1Ib 10
Experimental 1 IvPPA (SD=8.9) (SD=1.3)
Jokel and Group 7 svPPA 68.2 3M,4F 43 Naming and word 1b 10
Anderson (2012) Experimental (SD=10.8) (SD=1.9) comprehension
Jokel et al. (2017) Group 5 Treated; Treated: Treated: Treated: 3 Mean not Functional Ila 9
Experimental 5 Control 72.4 M,2F calculable; communication
(SD=8.2) Treated
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Table 1 (continued)

3 nfvPPA Control: Control: 4 Range=1.5 -
(2 with 65.5 M, 1F 5; Control:
AOS) (SD=6.8) NR
2 IvPPA;
Control:
3 nfvPPA
1 svPPA
1 IvPPA
Meyer et al. Group 21 7 nfvPPA  IVvPPA: 69.1 10M, 11 F NR Naming IIb 7
(2017) Experimental 5 svPPA (SD=2.3);
9IVPPA  svPPA: 65.6
(SD=5.3);
nfvPPA:
68.0
(SD=12.2)
Meyer et al. Group 26 9nfvPPA  IvPPA: 69.2 12M, 14 F IvPPA: 4.1 Naming IIb 8
(2019) Experimental 5 svPPA (SD=8.1); (SD=1.9);
12 IvVPPA  svPPA: 65.5 svPPA: 7.8
(SD=5.3); (SD=8.3);
nfvPPA: nfvPPA: 5.7
68.1 (SD=5.1)
(SD=10.5)
Meyer et al. Group 14 5 svPPA svPPA: 65.6 SM,9F NR Spoken and 1Ib 7
(2018) Experimental 9 IvPPA (SD=5.3); written naming
IVvPPA: 71.1
(SD=6.7)
Montagut et al. Group 8 svPPA 64.0 4M,4F 3.0 Naming and word 1Ib 5
(2021) Experimental (SD=11.3) (SD=1.3) comprehension
Rogalski et al. Group Non - 28 PPAnos Unavailable ~ Unavailable  Unavailable Functional 11 3
(2016) experimental for PPA for PPA for PPA communication
participants participants participants and naming and
speech
production/fluency
Roncero et al. Group Non - 10 6 nfvPPA 67.4 T7M,3F NR Naming I 6
(2017) experimental 2 svPPA (SD=6.3)
2 IvPPA
Roncero et al. Group 12 4 nfvPPA 65.4 8M,4F NR Naming IIb 9
(2019) Experimental 4 svPPA (SD=6.3)
4 IvPPA
Themistocleous et Group 8 nfvPPA 66.34 4M,4F 3.2 Speech 1Ib 5
al. (2021) Experimental with AOS (SD=8.9) (SD=1.4) production/fluency
Tsapkini et al. Group Non - 36 14 IvPPA: 65.3 20M, 16 F IvPPA: 5 Written naming I 6
(2018) experimental nfvPPA (SD=8.4); (SD=3.4);
10 svPPA nfvPPA = nfvPPA: 4.6
12 IVPPA 70.0 (SD=2.6);
(SD=5.8); svPPA: 5.3
svPPA: 68.6 (SD=3.0)
(SD=5.2)
Zhao et al. (2021) Group 39 18 Sham: 69.6 19M,20F Sham: 4.2 Written naming 1Ib 9
Experimental nfvPPA (SD=5.1); (SD=2.4);
7 svPPA tDCS: 65.5 tDCS: 4.9
14 IvPPA (SD=17.7) (SD=3.6)
Single -subject design studies
Andrade -Calderon SSPP 1 nfvPPA 84 M 5 General language I 3
etal. (2015) and cognition
skills
Beales et al. SSPP+ 4 3 svPPA 53, 70, 60, 3M, 1 F 2,1.6,2,1 Naming ITb 8
(2016) 1 IvPPA 58
Beales et al. Case 6 2 svPPA 62,72, 60, 3M,3F 2,1,3,3,1, Naming 1 3
(2019) 4 IvPPA 70, 59, 64; 1
M=64.5 (59 -
72)
Beeson et al. SCED 1 IVPPA 77 M 2.5 Naming 1Ib 8
(2011)
Bier et al. (2009) SCED 1 svPPA 70 F 5 Naming and 1Ib 9
semantic
knowledge
Bier et al. (2011) SCED 1 svPPA 68 F 2 Functional 1b 8

communication
and semantic
knowledge
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Table 1 (continued)

Bier et al. (2015) SCED 1 svPPA 55 M >2 AAC / Multimodal ITb 8
communication
and semantic
knowledge
Burdea et al. Case 1 Mixed 51 M 5 General language I 2
(2015) PPA and cognition
skills
Cadorio et al. SSPP 2 1 nfvPPA 60, 52 IM,1F 1,4 Naming 11 7
(2021) 1 PPAnos
Cress and King Case 2 PPAnos 59, 60 IM,1F 6,7 AAC/Multimodal 1 3
(1999) Communication
Croot et al. (2015) SSPP+ 2 1 nfvPPA 80, 54 IM,1F 4,5 Naming 1Ib 10
with AOS
1 IvPPA
Croot et al. (2019) SSPP+ 8 3 nfvPPA 57,68, 59, 3M,5F <1, 1.5,2.5, Naming 1Ib 10
2 svPPA 72,71, 69, 2-3,1, 18,
2 IvPPA 64, 59, 2,15
1 Mixed M=67 (57 -
PPA 72)
de Aguiar et al. SSPP 1 IvPPA 72 NR Naming I 8
(2021)
Dewar et al. SSPP 1 svPPA 68 4 Naming and I 8
(2009) semantic
knowledge
Dressel et al. SSPP 1 svPPA 48 M 1-2 Naming 111 8
(2010)
Evans et al. Case 1 svPPA 72 F 10 Naming I 8
(2016)
Flanagan et al. SSPP 1 nfvPPA 83 M 2 Naming 111 6
(2016)
Frattali and Kang SCED 1 svPPA 66 M NR Naming 1Ib 8
(2004)
Graham et al. SSPP 1 svPPA 59 M 2 Naming I 8
(1999)
Graham et al. SSPP 1 svPPA 59 M 2 Naming I 8
(2001)
Grasso et al. SCED 1 IvPPA 66 F 3 Naming IIb 12
(2019)
Hameister et al. SSPP+ 2 nfvPPA 74,72 IM, 1F 4,4 Naming and 1Ib 10
(2017) syntax/
morphology
Henry et al. (2008) SCED 2 PPAnos 71,78 IM,IF 5,6 Naming 1Ib 10
(1 with
AOS)
Henry, Meese, et SSPP 1 nfvPPA 73 F 5 Speech 11 8
al. (2013) with AOS production/fluency
Henry, Rising, et SCED 2 1 svPPA 60, 54 2M 1.5,5 Naming b 10
al. (2013) 1 IvPPA
Heredia et al. SSPP+ 1 svPPA 53 F 3 Naming 1Ib 10
(2009)
Hoffman et al. SSPP 3 svPPA 64, 65, 64 3F 8,2,4 Naming 11 6
(2015)
Jafari et al. (2018) SSPP+ 1 nfvPPA 56 F 1 Naming 1Ib 7
with AOS
Jokel et al. (2006) SSPP 1 svPPA 63 F 7 Naming 11 8
Jokel et al. (2009) SCED 2 nfvPPA 58,75 2F 3-4,NR Naming b 10
Jokel etal. (2010) SCED 1 svPPA NR M NR Naming 1Ib 10
Jokel et al. (2016) SSPP 4 svPPA 74,53, 59, 2M,2F <2 Naming 11 7
59
Kim (2017) SCED 2 IVPPA 63,74 2M 5,2 Naming and 1Ib 10
Discourse
Kindell et al. Case 1 svPPA 64 F NR Functional I 3
(2018) communication
Krajenbrink et al. SSPP+ 1 svPPA 60 M 2 Spoken and 1Ib 9
(2020) written naming
Lavoie et al. SCED 5 2 svPPA 66, 75, 69, 2M,3F 5,NR, 2, Naming 1Ib 12
(2020) 3 IvPPA 80, 71 NR, 9
Louis et al. (2001) SSPP 3 nfvPPA 64,71,77 I1M,2F NR Phonology 111 1
Machado et al. SSPP 1 nfvPPA 66 M 3 Syntax/ 11 6
(2014) with AOS morphology
Macoir et al. SCED 1 svPPA 72 F 2 Naming 1Ib 10
(2015)
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Table 1 (continued)

Mahendra and Case 1 nfvPPA 57 F 5 General language 111 4
Tadokoro (2020) with AOS and cognition
Marcotte and Case 1 nfvPPA 60 M 2 Naming 111 5
Ansaldo (2010)
Mayberry et al. SSPP 2 svPPA 65,52 IM,IF NR Naming I 7
(2011a)
Mayberry et al. SSPP 2 svPPA 65,53 IM,1F 2,15 Naming I 6
(2011b)
McNeil et al. SCED 1 PPAnos 61 M <1 Naming 1Ib 8
(1995)
Meyer et al. SSPP 1 IVPPA 67 F 5 Spoken and 111 5
(2015) written naming
Meyer et al. SSPP 3 1 nfvPPA 48, 68, 69 I1M,2F NR Spoken and 111 6
(2016) 1 svPPA written naming
1 IvPPA
Mooney, Beale, et SSPP 5 2 nfvPPA 63,73, 63, 3M,2F NR AAC/Multimodal I 5
al. (2018) 2 svPPA 72, 66 communication
1 IvPPA and functional
communication
Mooney, Bedrick, SCED 6 3 nfvPPA 73, 80, 62, 3M,3F 4,2.5,15, AAC/Multimodal 1Ib 4
etal. (2018) 2 svPPA 72,63, 58 2,12,1.7 communication
1 IvPPA and Naming
Murray (1998) SSPP 1 nfvPPA 65 F 4 AAC/Multimodal I 4
with AOS communication
and functional
communication
Newhart et al. SSPP 2 1 svPPA 65, 60 2F NR Naming 11 8
(2009) 1 IvPPA
Pack et al. (2021) SCED 2 1 nfvPPA 65,71 IM,1F 3,6 Naming 1Ib 8
1 svPPA
Pattee et al. SSPP 1 nfvPPA 57 F NR AAC/Multimodal I 4
(2006) with AOS communication
Rapp and  Glucroft SSPP 1 PPAnos 63 F 8 Spelling I 7
(2009)
Rebstock and SCED 1 PPAnos 81 F 2 Naming and 1Ib 7
Wallace (2020) AAC/Multimodal
communication
Reilly (2016) SSPP 5 svPPA 54,58, 59, 5F 2,1,1,2,2 - Naming 111 7
67, 69 3
Robinson et al. SSPP 2 svPPA 63, 63 2F 3,3 Naming and I 8
(2009) semantic
knowledge
Rogalski and SSPP 1 PPAnos 76 4-5 Discourse 111 6
Edmonds (2008)
Routhier et al. SCED 1 svPPA 51 2 AAC/Multimodal 1Ib 4
(2014) communication
Savage et al. SCED 4 svPPA 61, 69, 65, 4M 4,4,5,5 Naming 1b 10
(2013) 54; M=62
(54-69)
Savage et al. SSPP 5 svPPA 63,71, 56, 4M,1F 6.5,9.5, Naming 111 8
(2014) 63, 56; 7.5,6.5,9
M=61.8 (56 -
71)
Savage et al. SSPP 9 svPPA 69, 62, 63, 6M,3F 5.5,6,6.5, Naming 11 8
(2015) 62, 63,71, 5,65,9,8,
50, 61, 63; 4,6.5
M=63 (50 -
71)
Schaffer et al. SCED Treated: nfvPPA Treated: 72; Treated: M; Treated: 5; Speech 1Ib 12
(2020) 1; Control: ~ with AOS Control: Control: 4 Control: NR  production/fluency
10 67.7 M, 6F
(SD=5.5)
Schneider et al. SCED 1 nfvPPA 62 F 2.5 Syntax/ 1Ib 7
(1996) morphology
Senaha et al. SSPP 3 svPPA 55,717, 56; 2M,1F 1-2 Naming 11 4
(2010) M=62.7 (55 -
77)
Snowden et al. Case 2 svPPA 64,57 IM,1F 3,3 Naming 11 7

(2002)
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Table 1 (continued)

Snowden et al. Case 1 PPAnos 58 M 1.5 Spelling 111 6
(2012)
Suarez -Gonzalez SSPP+ 1 svPPA 57 F 3 Naming and 1Ib 8
etal. (2015) semantic

knowledge
Suérez -Gonzalez SSPP 1 svPPA 62 F 2 Naming 111 8
etal. (2018)
Taylor-Rubin et al. SSPP+ 4 3 svPPA 65,77,71, 4F 4,5,3,4 Naming b 10
(2021) 1 IvPPA 64
Thompson and SCED 1 nfvPPA NR F NR Syntax/ 1Ib 6
Shapiro (1994) morphology
Thompson et al. SCED 1 nfvPPA 70 M 2 Syntax/ b 8
(2021) morphology
Tsapkini and Hillis SSPP 1 IvPPA 62 F 6 Spelling 111 5
(2013)
Tsapkini et al. SSPP 6 2 nfvPPA NR 3M,3F 6,3,8,4,6, Spelling I 7
(2014) 4 IvPPA 10
Villanelli et al. Case 1 svPPA 67 F 4 Naming I 4
(2014)
Whitworth et al. SSPP 2 1 svPPA 54,59 IM,1F 4,1 Discourse I 8
(2018) 1 IvPPA
Wong et al. (2009) Case 1 svPPA 61 M NR Functional I 3

communication

See Supplementary Materials 5 for the list of full references. Participants with the diagnostic label “semantic dementia” are categorized here as
svPPA (semantic variant PPA). Participants with the diagnostic label “progressive nonfluent aphasia (PNFA)” are categorized here as nfvPPA
(nonfluent variant PPA). Shaded studies are those included in the subset of 45 higher-quality studies. For further details, see Table 2 and
“Results from the Higher-Quality Studies” section below

PPA Primary Progressive Aphasia, [vPPA logopenic variant PPA, PPAnos PPA not otherwise specified, AOS (apraxia of speech) in the PPA
subtypes column indicates co-occurring AOS noted for at least one participant in the study, SSPP Single-subject Pre-post design, SSPP+ Single-
subject Pre-post design meeting the criteria for level IIb (see “Methods”), SCED Single-case Experimental Design, SD Standard Deviation, NR
Not reported, M Male, F Female, LRT Lexical Retrieval Treatment, tDCS transcranial direct current stimulation, Naming spoken naming of
nouns, verbs, or adjectives unless otherwise noted, may include lexical retrieval (e.g., word finding) more broadly, AAC Augmentative and Alter-
native Communication, referring to a communication aid, book, or device that augments or provides an alternative to spoken communication,
Multimodal communication utilizing various modes of communication (e.g., writing, drawing, gesturing) in addition to spoken communication,

Syntax/morphology the sentence-level and word-level "grammar" of language

Of the 76 single-subject design studies, 64 (84.2%) reported
time post-onset, although data were omitted for some par-
ticipants. Some studies reported approximate ranges (e.g.,
“2-3 years”) and some a single value. The total number of
participants for whom a single value for time post-onset
was provided was 117: mean time post-onset=4.0 years;
SD=2.6.

There was considerable heterogeneity in the reporting of
additional participant sociodemographic, clinical history,
speech, language, cognitive, and behavioral characteristics
across studies. Further analysis of these is beyond the scope
of the current review, but see the full table (Henry et al., 2023)
for details (https://doi.org/10.17605/0SF.1I0/Z5U8D). A brief
summary is provided in Supplementary Materials 10.

Treatment Targets

The greatest number of studies reported treatments targeting
spoken naming/lexical retrieval (k=67) or written naming/
spelling (k=16). Fewer studies targeted augmentative and
alternative communication (AAC)/multimodal communica-
tion (k=38), functional communication (i.e., communication
strategy training or training for specific daily communication

tasks; k=7), semantic knowledge (k=6), speech production/
fluency (k=6), spoken discourse production (k=5), syntax/
morphology (k=35), general language and cognition (k=3),
word comprehension (k=2), or phonology (k=1).

Study Designs and Levels of Evidence for Treatment
Efficacy

No studies met criteria for level I evidence. Three studies
met criteria for level Ila, 47 for level 1Ib, and 53 for level
III. Of the 50 experimental/quasi-experimental studies (lev-
els Ila and IIb), 18 were group design studies and 32 were
single-subject design studies. Of the 53 non-experimental
studies, 9 were group design studies and 44 were single-
subject design studies. See Fig. 2.

Study Reporting Quality and Risk of Bias
within Individual Studies

Prior to the resolution of rater discrepancies via consen-
sus, the proportion of itemized APS ratings with inter-rater
agreement was 0.80; for SCED ratings was 0.85; and for
PEDro-P ratings was 0.94. Itemized consensus APS scores
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. Number  Percent
Level  Description of studies  of total
Ia Well-designed meta-analysis of >1 0 0%

randomized controlled trial
Well-designed randomized
controlled study (“controlled” means
inclusion of a comparison group who
were untreated or underwent a o
b different treatment condition; 0 0%
randomized means that participants
were randomly assigned to treatment
conditions)
Well-designed controlled study
without randomization (“controlled”
means inclusion of a comparison
group who were untreated or
underwent a different treatment
condition)
Well-designed quasi-experimental
study (i.e., within-group pre-post
1Ib studies with control condition/items, 46 45%
SCED:s as defined by Tate et al.
(2008), SSPP+ studies)
Well-designed nonexperimental
studies (i.e., correlational and case
111 studies, case series, within-group 54 52%
pre-post studies with no control
condition/items, SSPP studies)
Expert committee report, consensus
v conference, clinical experience of 0 0%
respected authorities

Ila 3 3%

Fig.2 Number of studies with each design type and representing
each of the levels of evidence adapted from the American Speech and
Hearing Association (ASHA, 2004) and the Scottish Intercollegiate
Guideline Network (Harbour & Miller, 2001). SSPP: single-subject

for all 103 studies, SCED Scale scores for the 22 SCED
studies (Tate et al., 2008), and PEDro-P scores for the three
non-randomized controlled trials, as well as notes on scale
items that had the lowest inter-rater agreement, are included
in Supplementary Materials 7, Supplementary Materials 8,
and Supplementary Materials 9, respectively. The percent-
age of studies receiving each APS total score is shown in
Fig. 3a, and the number and percentage of studies receiving
credit for each item is summarized in Fig. 3b. Sixty-five per-
cent of studies received APS scores of 7 or greater. Less than
half of studies (35.9%) were considered to have adequate
comparison or control conditions on this scale. Statistical
reporting was sufficient to receive credit in 66.0% of studies.
Most studies reported adequately on participant characteris-
tics (79.6%), and baseline/outcome measures and treatment
materials (82.5%). Few (6.8%) reported adherence to the
treatment protocol or treatment fidelity.

The percentage of studies receiving each SCED Scale
total score is shown in Fig. 3c, and the number and per-
centage of studies receiving credit for each item is sum-
marized in Fig. 3d. Among the 22 studies eligible for rating
with the SCED Scale, the reporting and design elements
that were typically present included sufficient details about
participant clinical history (86.4%), description of target
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Experimental Group 18

SCED/SSPP+ 31

Case Studies/SSPP

Nonexperimental Group -

Number of studies

pre-post design, SSPP+: single-subject pre-post design meeting cri-
teria for Level IIb (see “Methods”), SCED: single-case experimental
design

behaviors (95.5%), sufficient sampling of behavior (95.5%),
and provision of the raw data record (86.4%). Elements that
were present in fewer studies included inter-rater reliabil-
ity (27.3%), independent evaluation of treatment outcomes
(9.1%), and replication across participants, therapists, or
settings (31.8%).

Three studies were rated using the PEDro-P scale. Two
received scores of 5 and one received a score of 3 out of 10.
None received points for randomization, concealed alloca-
tion, blinding of subjects, blinding of therapists, or blinding
of assessors. All three specified eligibility criteria, obtained
results from at least 85% of the participants initially enrolled,
allocated participants to treatment or control conditions as
specified, and statistically compared at least one outcome
measure between groups. Two studies matched groups on
important prognostic indicators, and two provided both a point
measure and a measure of variability for at least one outcome.

Additional data on study reporting quality, internal valid-
ity, and external validity are provided in Supplementary
Materials 11. Sixty-one percent of the studies described
procedures that were replicable as reported. Twenty-one per-
cent reported reliability measures for one or more outcome
variables, and 34% replicated a treatment effect within the
same study.
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a) 1 point 2 points b) Appraisal Point System (APS) categories and items n/103 %
12 points 9 - [ %3 pOintS Risk of Bias
“ / 2. Comparison/Control 37 359
3. Random assignment 0 0
Both risk of bias items 0 0
Reporting Quality
4. Participants 82 79.6
5. Measures and Materials 85 825
6. Procedures 7 6.8
6 points Al! ﬂ.lree reporting quality items 4 39
1% Clinical Relevance
1. Rationale 95 92.2
8. Clinical significance 80 1.7
7 points 9. Discussion/Interpretation 97 94.2
8 points 12% All three clinical relevance items 70 68.0
25% Data Analysis
7. Statistical Reporting 68 66.0
APS Scale: 0-14 points
2 points 4 points Single Case Experimental Design (SCED) Scale items n/22 %
C) 5% _— / l;% d) 1. Clinical history 19 864
2. Target behaviors 21 955
3. Design 14 63.6
8 points 4. Baseline 14 63.6
19% 5 points 5. Sampling behavior during treatment 21 95.5
19% 6. Raw data record 19 86.4
7. Inter-rater reliability 6 273
8. Independence of assessors 2 9.1
9. Statistical analysis 16 72.7
10. Replication 7 31.8
6 points 11. Generalization 14 63.6

19%

7 points
33%

SCED Scale: 0-10 points

Fig.3 a Percentage of 103 studies achieving 1 to 12 points out of a
maximum of 14 points on the appraisal point system (APS) items. b
Number and percentage of studies rated positively for each APS item.
¢ Percentage of 22 single-case experimental design (SCED) studies

Results from the Higher-Quality Studies
Study Designs

Forty-five studies used controlled study designs providing
level Ila or level IIb evidence for treatment efficacy and
achieved a score of 7 or greater on the APS (see shaded
rows in Table 1), representing the higher-quality studies in
the review. Treatment characteristics and outcomes of these
studies are summarized in Table 2. Twenty-nine studies were
classified as SCED or SSPP+, with 17 (58.6%) reporting
data from a single participant; 28 (96.5%) studies had 5 or
fewer participants. Sixteen studies were group experimental
designs with 4 to 39 participants (mean=15.5; SD=7.7).

Participants

The total number of treated participants across the higher-
quality studies was 304: 110 had nfvPPA, 93 had svPPA, 96

achieving 2 to 8 points out of a maximum of 10 points. d Number
and percentage of SCED studies rated positively for each SCED scale
item

had IvPPA, 4 had PPAnos, and 1 had Mixed PPA. Sixteen
participants had AOS, but none was diagnosed with PPAOS.
One hundred and forty (46.1%) were male and 155 (51.0%)
were female; the sex of nine participants was not reported.
The mean age of participants in the group design studies was
67.1 years (SD=7.5) and in single-subject design studies
was 66.2 years (SD=7.7). Of the 16 group design studies,
a mean and standard deviation for time post-onset was cal-
culable for 8 studies (50.0%); this was 4.5 years (SD =3.8).
Twenty-seven of the single-subject design studies (93.1%)
reported time post-onset. A single time post-onset value
was reported for 46 participants; average time post-onset
for these participants was 3.7 years (SD=2.7).

Treatment targets and techniques
In the 45 studies, spoken naming/lexical retrieval was the

most frequent target of treatment (37 studies, 82.2%). Four
studies (8.9%) targeted semantic knowledge, and three

@ Springer
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studies (6.7%) each targeted syntax/morphology, speech
production/fluency, and written naming/spelling. Discourse,
functional communication, and AAC/multimodal communi-
cation were each targeted by two studies (4.4%). One study
(2.2%) targeted word comprehension.

Lexical retrieval treatment techniques included errorless
learning (i.e., eliciting a target response from the participant
under conditions that minimize the opportunity to produce
an incorrect response), cueing or self-cueing to aid retrieval
(e.g., phonological, orthographic, semantic or autobio-
graphical self-cues), generative naming (i.e., generating a
list of words from a target category), generating synonyms
and antonyms, and conversational practice with a commu-
nication partner. Other treatment approaches included script
training (i.e., developing and practicing personally relevant
scripts for use in conversation), constraint-induced aphasia
therapy (i.e., an intensive therapy approach in which spoken
communication is reinforced and use of other modalities is
minimized), training use of an assistive device (e.g., using a
smart phone app for accessing semantic information about
foods in a recipe), written naming treatment, training mul-
timodal communication (i.e., augmenting verbal communi-
cation with other modalities such as writing or gesturing),
and the explicit training of morphosyntactic structures (e.g.,
physically manipulating visual representations of syntactic
structure in a sentence and rehearsing spoken production of
the target structure).

Treatment Delivery

Twenty-seven of the higher quality studies (60%) provided
intervention in person (Table 2); some (8 studies, 17.8%)
provided a combination of limited in-person sessions with
self-guided or caregiver-administered therapy. Seven studies
(15.6%) used self-guided practice as the primary mode of
therapy. Five (11.1%) provided telerehabilitation (therapy
via videoconferencing), two (4.4%) compared results fol-
lowing in-person therapy with results following caregiver-
administered therapy or telerehabilitation. Six (13.3%) pro-
vided both in-person therapy and telerehabilitation but did
not investigate differences in outcomes across modes.
Regarding the number of sessions completed with a cli-
nician, 10 studies (22.2%) reported fewer than 10 sessions;
17 (37.8%) reported 10-25 sessions; and 7 (15.5%) reported
more than 25 sessions. Four studies (8.9%) included partici-
pants or groups who received differing amounts of treatment.
The remaining seven studies (15.6%) relied on self-guided or
caregiver-guided practice only. The frequency of treatment
sessions across studies varied widely: often sessions were
held twice weekly, however, in some studies as frequently
as six times weekly or twice per day on 2-3 days per week.
Twenty-eight studies (62.2%) incorporated independent
practice to be completed outside of clinician-led sessions: 21

provided independent activities supporting skills addressed
in clinician-led sessions, and seven used self-guided practice
as the primary intervention, as noted above.

Outcome Measures

The most frequent primary outcome measure was spoken
or written confrontation naming (33/45 studies, 73.3%; see
Table 2). Several other primary outcome measures were used
by a smaller number of studies, including grammatical cor-
rectness/complexity, discourse informativeness/efficiency,
generative naming, script accuracy, naming in connected
speech, and use of AAC or alternate modes of communica-
tion. Generation of semantic attributes, accuracy of complet-
ing activities of daily living (ADLs), ratings of functional
communication, and generation of synonyms/antonyms were
primary outcome measures in one study each. Generalization
data included measures of the target behaviors for untrained
items, for different exemplars of treated items, or in con-
nected speech, as well as performance on standardized tests
(e.g., general tests of language or cognition or tests evaluating
target behaviors such as lexical retrieval). Nineteen studies
addressed social validity, most often relying on the qualita-
tive report of the participant or the participant’s family (9
studies); others reported functional communication measures
(6 studies), in-house surveys (6 studies), quality of life meas-
ures (3 studies), or clinician observations (1 study).

Treatment Outcomes

A summary of treatment outcomes across the 45 higher-quality
studies is provided in Fig. 4, according to whether they
reported a positive result on a primary outcome measure,
generalization measure, measure of maintenance of treatment
gains, or social validity measure for at least one participant in
each study. Authors of the reviewed studies reported a positive
result for a primary outcome measure for at least one partici-
pant in all 45 studies (100%). Forty-three studies investigated
generalization, 34 of which (79.1%) reported a positive result
on a generalization measure for at least one participant. Thirty-
eight studies reported outcomes for one or more time points
designated as “maintenance” or “follow-up” time points, 34 of
which (89.5%) reported maintenance of treatment gains for at
least one participant. Of the 19 studies reporting social valid-
ity outcomes, 17 (89.5%) reported a positive result on a social
validity measure for at least one participant.

Five of the higher-quality studies examined behavioral treat-
ment in conjunction with tDCS, and one study administered
treatment in conjunction with a pharmacological agent. A post
hoc summary of outcomes excluding groups or conditions with
a neuromodulatory or pharmacological adjunct to treatment was
compiled to establish outcomes of behavioral treatment alone.
Because two of the studies with a tDCS adjunct did not include
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Fig.4 Summary of outcomes of behavioral treatment from the 45
higher-quality* studies identified by the systematic review. Bar height
reflects the number of studies reporting on the primary outcome
measure, generalization, maintenance, or social validity of treatment.
Blue color indicates the number of studies reporting a positive out-

a sham condition, only 43 studies were included in the summary.
All 43 studies (100%) reported a positive result for a primary
outcome measure. Of 41 studies reporting on generalization,
31 (75.6%) showed a positive result. Of 36 studies reporting
on maintenance, 33 (91.7%) showed a positive result. Of 18
reporting on social validity, 16 (88.9%) showed a positive result.
Given the high rates of positive results across all four
outcome types for at least one participant per study, a post
hoc summary of outcomes for every participant across the
higher-quality single-subject design studies was compiled
to establish whether these positive results were consistent
across all participants (results for every participant were not
available for the experimental group studies). There were
29 single-subject design studies that reported results for 56
participants. In those studies, a positive result on a primary
outcome measure was reported for 53 individuals (94.6%).
Generalization was investigated for all 53 of these partici-
pants, and 33 (62.3%) showed a positive result on a gener-
alization measure. Maintenance results were reported for 46
of these 53 participants and 39 (84.8%) showed maintenance
of gains. Social validity was reported for 18 participants,
and 17 (94.4%) showed socially valid results of treatment.

Discussion
Summary of Evidence

The first question addressed by this systematic review was
“What evidence exists to support behavioral treatment for
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come for at least one participant, and orange color with diamond pat-
tern indicates the number of studies reporting no effect of treatment
(*Experimental and quasi-experimental studies with adequate report-
ing and acceptable risk of bias following the criteria of Oren et al.,
2014)

speech or language in PPA and PPAOS, and what is the qual-
ity and credibility of this evidence?” A total of 103 studies
published between 1994 and 31 May 2021 were identified
that investigated behavioral treatment for speech or language
in PPA. This represents an almost threefold increase in the
number of studies since the first systematic review of cog-
nitive rehabilitation outcomes in PPA in 2013 (Carthery-
Goulart et al., 2013). Twelve studies reported on treatment
for AOS in persons diagnosed with PPA, but no treatment
studies for persons given a diagnosis of PPAOS were iden-
tified by the review. The highest-quality and most credible
evidence is currently provided by 45 level Ila and level IIb
(experimental and quasi-experimental) studies with adequate
reporting and acceptable risk of bias following the criteria
of Oren et al. (2014): 16 experimental group studies and 29
single-subject designs.

The second question was whether behavioral treatment
results in improvement on a primary outcome measure,
generalization to untrained targets/behaviors/environments,
maintenance of gains, or socially-validated outcomes. Of
the 45 higher-quality studies, all reported improvement on
a primary outcome measure for at least one participant.
The majority of these studies also reported at least one par-
ticipant with generalization and maintenance of treatment
gains. Just under half of the higher-quality studies addressed
social validity, with most of these reporting improvement on
a social validity measure for at least one participant. Similar
positive results were found following a post hoc analysis
across all participants in the higher-quality single-subject
design studies. This systematic review therefore supports the
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provision of behavioral treatment for speech and language
for persons with PPA.

Below we discuss the interventions for PPA identified by
the review and the results for treatment generalization, main-
tenance, and social validity. We also discuss study design
issues identified by the current review, limitations of the
review, and clinical implications.

Treatments Supported by This Review

Lexical retrieval treatment was particularly well supported
by the available evidence, with 82.2% of the higher-quality
studies reporting improvement on target behaviors follow-
ing treatment for naming or lexical retrieval. The remain-
ing higher-quality studies offer support for interventions
targeting skills other than lexical retrieval, including the
use of AAC and other forms of multimodal communica-
tion, functional communication strategies, grammatical
processing, the fluent production of speech, and discourse/
conversation skills. The high proportion of lexical retrieval
treatment studies likely reflects the pervasiveness of anomia
in PPA (Mesulam et al., 2003; Sebastian et al., 2018), and
the robust evidence base for anomia treatment in the stroke-
induced aphasia literature (Nickels, 2002). It also represents
an emphasis on restitutive or impairment-directed treatment,
targeting body structures and functions within the World
Health Organization International Classification of Func-
tioning, Disability, and Health (WHO-ICF, 2001).

Information regarding staging of treatment, or the rela-
tive utility of specific types of intervention for patients of
different severity levels, was not addressed in the current
review. However, studies suggest that impairment-directed
interventions, including lexical retrieval treatment, may be
most effective earlier in the disease course (for example,
better lexical retrieval treatment outcomes are seen in indi-
viduals with less severe aphasia (e.g. Savage et al., 2015). In
the early stages of PPA, prophylactic treatment also may be
appropriate to slow the decline of intact skills rather than to
regain skills that have already been diminished (Meyer et al.,
2015, 2016, 2019). Interventions that are participation-
directed (focused on activities or social participation) and
environment-directed (focused on communication partners
and contexts) may be especially relevant in middle-to-late
stages of the disease, when technology or communication
partners are increasingly required to support the individu-
al’s declining functional communication (see, for example,
Mahendra & Tadokoro, 2020).

Narrative reviews have long advocated for proactive
anticipation of likely future care needs (Rogers et al., 2000)
and for regular reassessment as needs change with decline
(Sapolsky et al., 2011), but only two studies in the cur-
rent review described a treatment approach that adapted
with PPA disease trajectory (Mahendra & Tadokoro,

2020; Murray, 1998). Mahendra and Tadokoro described
how palliative care principles guided the selection of
behavioral interventions (including impairment-directed,
participation-directed, and environment-directed treatment
components) over a 3-year period to optimize both commu-
nication and quality of life for one individual. Additionally,
Murray reported a 2.5-year longitudinal study that moved
from language stimulation through the use of a drawing
program to communication partner training, to adapt to the
changing communication abilities and needs of the person
with PPA.

Treatment for PPAOS

No studies reported on treatment for individuals with a
diagnosis of PPAOS. Possible explanations include the
apparently lower prevalence of PPAOS compared to PPA,
the relatively recent recognition of PPAOS as a distinct
diagnostic entity, and the fact that current PPA diagnostic
criteria (Gorno-Tempini et al., 2011) allow for a diagnosis
of nfvPPA when AOS is present and aphasia is not (i.e.,
PPAOS is captured within nfvPPA). Nonetheless, AOS was
reported in 29 participants across 12 studies (16 participants
in five higher-quality studies). In four studies (Henry et al.,
2013, 2018; Schaffer et al., 2020; Themistocleous et al.,
2021), two from the subset of higher-quality studies (Henry
et al., 2018; Schaffer et al., 2020), speech production was a
treatment target, AOS was a targeted disorder, and positive
treatment results were reported. This review demonstrates
a need, and some promise, for treatment addressing pro-
gressive AOS. Future treatment studies for nfvPPA will be
informative with regard to PPAOS treatment if they explic-
itly report the presence/absence of AOS and, where speech
production is a treatment target (for example, script training
studies), if motor speech planning/programming abilities are
directly evaluated and treated.

Generalization, Maintenance, and Social Validity
Outcomes

Most of the higher-quality studies included in this review
investigated generalization or maintenance of treatment
gains in addition to changes in trained skills and targets, and
the majority of these reported positive results. The selection
of generalization measures and time point(s) for evaluating
maintenance varied widely across studies (see below).

The following generalization measures were reported by
study authors: performance on untrained words, language
structures, or topics that were closely matched to trained
targets; the use of target behaviors in discourse or the home
environment; performance on speech, language, or cognitive
tasks not directly related to the treatment task; and naming
of novel picture exemplars of trained items. In our main
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analysis, we considered generalization to have been demon-
strated in a study if the authors reported improvement on at
least one generalization measure for at least one individual.
Our results, therefore, indicate where there is promise of
generalization of treatment outcomes; however, theoreti-
cally motivated investigation of the types of generalization
observed, relative to specific participant characteristics and
types of treatment, is warranted. For example, treatments
delivered in the context of functional tasks, or in a person’s
everyday environments, may facilitate better generalization
to settings outside the clinic.

This review also observed maintenance of treatment
gains, consistent with an earlier systematic review that found
maintenance of treatment gains across PPA subtypes at
intervals from one to six months (Cadoério et al., 2017). For
studies in the current review, the intervals at which main-
tenance was measured varied considerably across studies,
ranging from 2 weeks to 33 months. Furthermore, studies
varied regarding whether participants had ongoing access to
practice materials or received “treatment boosters” during
the maintenance period. As a consequence, it is difficult to
draw firm conclusions about the length of time individuals
with PPA can be expected to maintain treatment effects with
or without subsequent practice, and treatment maintenance
mechanisms await systematic investigation.

Fewer than half of the higher-quality studies (42.2%)
reported measures of social validity, including functional
communication and quality of life scales as well as qualita-
tive observations by researchers, family members, and the
participants themselves. None of the scales or measures have
been validated for use in PPA; therefore, development and
validation of such measures for this population is a priority
for future research. Given that holistic approaches to therapy
emphasize the importance of addressing the goals of per-
sons with PPA and their close others, future studies should
consider identifying those goals consistently and evaluating
their attainment as a method of characterizing social validity.

Study Design Considerations

Studies in the present review used varying criteria to estab-
lish diagnosis, in part reflecting the changing diagnostic
framework for PPA over the last 30 years. For example, prior
to the publication of the PPA consensus criteria (Gorno-
Tempini et al., 2011), individuals with IvPPA may have
been diagnosed with another PPA subtype, such as PNFA
(Henry & Gorno-Tempini, 2010). Additionally, groups have
differed with regard to whether semantic dementia may be
considered equivalent to svPPA when object recognition
impairments are present (Mesulam et al., 2014). Additional
subtypes beyond those in the consensus criteria have also
been described (e.g., Marshall et al., 2018). The impact of
varied diagnostic criteria on the aggregation of data across
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studies could be minimized with consistent reporting of
information to establish cognitive-linguistic profiles and
support diagnostic reporting. However, the ratings for level
of evidence for PPA diagnosis in this review showed that
fewer than half of studies (42.7%) provided speech-language
and neuropsychological assessment data adequate to sup-
port the PPA diagnosis and subtype, with some (6.8%) only
providing a diagnostic label. Future studies should carefully
document individual participant factors including age; level
of education; time post-onset; and speech, language, cogni-
tive, and behavioral profiles so that multi-site collaborative
projects or meta-analyses can begin to identify predictors of
treatment response in larger samples.

There were no RCTs that provided level I evidence for
behavioral treatment efficacy under the modified ASHA
evidence classification scheme. While there are a handful
of RCTs in the PPA treatment literature (e.g., Harris et al.,
2019; Tsapkini et al., 2018), all used neuromodulation and
randomized participants either to active stimulation versus
sham conditions, or to different orders of sham/stimulation
in crossover designs. These studies provide level I evidence
regarding the utility of neuromodulation as an adjunct to
behavioral treatment (see Cotelli et al., 2020), but do not
provide the same level of evidence regarding efficacy of
behavioral treatment per se. Several factors account for the
absence of RCTs in this review. First, the low prevalence
of PPA and PPAOS makes it difficult to recruit sufficiently
large samples for an adequately powered prospective group
study running two or more groups in parallel. Multi-center
(see published protocol for a RCT currently underways;
Roberts et al., 2022) and international collaborations will
likely be required to achieve the required sample sizes.
Alternatively, different types of intervention designs, such
as Bayesian adaptive designs, hold promise, with the ability
to evaluate different treatment characteristics within limited
sample sizes. Second, RCT design requires a solid under-
standing of the variables to be manipulated or controlled,
given the costs of RCTs and multicenter trials. The high-
quality single-subject design studies (SCED and SSPP +)
identified in the current review provide a cost-effective
way to establish the set of variables to be manipulated and
controlled in RCTs (Levine & Downey-Lamb, 2002) and
a rich resource for the design of future RCTs. SCED and
SSPP + studies are especially important in low-prevalence
and progressive syndromes such as PPA and PPAOS, where
information on participant and treatment factors associated
with positive treatment results can accrete over time on a
study-by-study basis. Third, selecting an appropriate con-
trol group for a RCT is challenging. No-treatment control
groups raise ethical concerns for speech or language treat-
ment for persons with PPA/PPAOS, since asking individuals
with a progressive condition to abstain from treatment even
for a short period of time may deny them the opportunity
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to benefit from therapies while they are still able. Only two
group studies in this review used a no-treatment control
group: one used a historical control group (Farrajota et al.,
2012) and the other a waitlist control group (Jokel et al.,
2017). These types of controls avoid the ethical concerns
associated with prospective no-treatment control designs,
but demographic matching of treatment and control partici-
pants can be difficult to accomplish, and outcome data must
be collected under equivalent conditions to avoid confounds
that may render group comparisons invalid. Instead, trials
comparing such treatment factors as dosage (more versus
less intensive), nature of training stimuli (e.g., personalized
versus generic), or training parameters (e.g., errorless versus
errorful training) may be most appropriate for this clinical
population.

In total, fewer than half of all studies (45/103) met our
criteria for inclusion in the subset of higher-quality stud-
ies for which we summarized treatment characteristics and
outcomes (level I or II on the modified ASHA levels of
evidence classification scheme and an APS score of 7 or
higher). The APS, SCED, and PEDro-P ratings indicated
areas of strength and weakness in the design and report-
ing of all 103 studies. General strengths were the quality
of reporting on participants, target behaviors, measures and
materials, raw data records, and clinical relevance. A mini-
mum of two of three statistical reporting criteria (appropri-
ate statistical analysis, inclusion of descriptive statistics, and
inclusion of effect sizes; APS item #7) was met by only
two-thirds of studies, and inclusion of adherence or proto-
col fidelity measures, use of study designs with adequate
experimental control, and randomization of participants to
groups were achieved by fewer studies, representing areas
of weakness. It should be noted, however, that many SCED
and SSPP + design studies randomize the allocation of items,
rather than participants, to conditions, establishing a level
of experimental control not recognized by the APS. Among
the studies with designs that permitted rating with the SCED
scale, the failure to address inter-rater reliability, independ-
ence of assessors, and replication of results (in at least one
other participant or environment) were areas of weakness.
PEDro-P ratings indicated that the controlled group stud-
ies demonstrated weaknesses in randomization; concealed
allocation; and blinding of subjects, therapists, and asses-
sors. Together, these weaknesses highlight aspects of study
design and statistical reporting and analysis that should be
rigorously addressed in the future.

Limitations of the Review

The limitations of this review relate to the instruments we
used to characterize reporting quality, risk of bias, and levels
of evidence for treatment efficacy; the approaches we took to
characterizing diagnosis and treatment outcomes; the scope

of interventions for PPA that we reviewed; and the restric-
tion of our review to studies published in English.

Critical Appraisal Tools

We note limitations of the selected instruments used to char-
acterize methodological and reporting quality and level of
evidence. Following the methodology of previous system-
atic reviews conducted by the ANCDS (Ballard et al., 2015;
Wambaugh et al., 2006), we used the SCED (Tate et al.,
2008) and PEDro-P (Murray et al., 2013) scales for rating
methodological quality for single-subject and experimen-
tal group studies, respectively. These tools are limited with
regard to study design types that can be appraised. SCED is
intended for use only with multiple baseline, ABA, alternat-
ing treatment, and changing criterion designs (Tate et al.,
2008) and PEDro-P for use only with RCT and nonrand-
omized controlled trials (Murray et al., 2013). We antici-
pated significant heterogeneity of study designs, including
quasi-experimental studies not eligible for SCED or PEDro-
P ratings. Therefore, we also implemented the APS (Oren
et al., 2014), because it provides a common framework for
evaluating study quality across heterogeneous study designs.

To assess the level of evidence for treatment efficacy,
we modified the ASHA levels of evidence for treatment
efficacy scheme (ASHA, 2004), which was originally
adapted from the SIGN framework (Harbour & Miller,
2001). Although this rating scheme is consistent with that
used in previous systematic reviews, we found that it lacked
sufficient specificity and granularity to delineate level II
(quasi-experimental) versus level III (non-experimental)
single-subject studies, which represented approximately half
of the studies identified for our review. As such, we further
operationalized the criteria for single-subject designs to be
designated as quasi-experimental versus non-experimental
(see “Methods”). Both the APS and the modified ASHA lev-
els of evidence framework have limitations. Their validity
and reliability have not been systematically evaluated, and
the APS instrument is limited in its appraisal of risk of bias,
particularly when compared to more recently-developed
instruments, such as the JBI Critical Appraisal Checklist
for Quasi-Experimental Studies (non-randomized con-
trolled studies; “JBI Manual for Evidence Synthesis,” 2020)
or the Risk of Bias in N-of-1 Trials Scale (RoBiNT; Tate
et al., 2013).

Characterization of Treatment Outcomes
We reported the proportion of the 45 higher-quality studies
in which the authors indicated a positive result for at least

one participant on at least one primary outcome measure.
This analysis allowed us to discern which interventions show
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promise, as a guide to both clinical practice and intervention
research, but there is a risk that it oversimplified complex or
mixed results. We therefore also completed a post hoc par-
ticipant-by-participant summary of outcomes for the higher-
quality subset of single-subject designs (where participant-
by-participant data were available for scrutiny). The results
of the post-hoc summary largely corroborated the results of
the main summary but did reveal a slightly lower propor-
tion of participants showing positive results from treatment
(94.6% on a primary outcome measure, 62.3% on a gener-
alization measure, 84.8% on a maintenance measure, 89.5%
on a social validity measure) as compared to the proportion
of studies documented in the main summary (100% on a pri-
mary outcome measure, 79.1% on a generalization measure,
89.5% on a maintenance measure, 94.4% on a social validity
measure).

We did not conduct a meta-analysis. We aimed to pro-
vide a comprehensive overview of behavioral intervention
for speech and language in PPA, and we identified a range
of study designs addressing a variety of research questions.
Characterizing these designs and questions represents the
first step toward determining which emerging techniques
(e.g., Shadish et al., 2016) would be suitable for aggregating
data across studies, and which questions can potentially be
answered using meta-analysis. This, in turn, would indicate
which data should be extracted from which studies in future
meta-analyses. Cotelli et al. (2020) and Nissim et al. (2020)
have already reported meta-analyses of spoken and written
naming treatment outcomes following behavioral treatment
with and without tDCS; and Roheger et al. (2021) have pub-
lished a protocol for a review of word retrieval and quality of
life outcomes in PPA as part of the Cochrane Collaboration.
With regard to the wide range of other interventions not
targeting lexical retrieval, the Volkmer et al. (2020a) system-
atic review commented on the impossibility of aggregating
data from studies with incommensurate outcome measures,
and the same difficulties would apply to this review. Future
meta-analyses may address questions about particular treat-
ment approaches, types of generalization, maintenance
of treatment gains, or predictors of treatment response.

In the absence of standardized effect sizes, we were also
unable to quantify reporting/publication bias across studies.
This will be an important future step in systematic appraisal
of the treatment literature in PPA/PPAOS. We advocate for
careful reporting of participants who are excluded or with-
draw from experimental or quasi-experimental treatment
studies and for publication of null results to minimize the
risk of reporting and publication bias in the literature.

Scope of Interventions Reviewed

This review focused on interventions directed at speech
or language in individuals with PPA/PPAOS, inclusive of
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interventions targeting communication more broadly (e.g.,
multimodal communication or other augmentative and
alternative communication strategies). It excluded interven-
tions directed at care partners and family members, with
the exception of studies providing communication-related
interventions for care partners together with persons with
PPA (e.g., Jokel et al., 2017; Mooney et al., 2018). Care part-
ners of persons with PPA/PPAOS are challenged with learn-
ing about a complex and relatively rare disorder as well as
meeting new and evolving procedural and logistical demands
required for caregiving (Reinhard et al., 2008; Schumacher
et al., 2000). Additionally, they may face pre-existing or
emerging disability associated with their own health condi-
tions, or “third party disability” (Organization, 2001) (i.e.,
the negative health consequences related to the burdens and
stressors imposed by caregiving). Failure to address these
issues may affect the care partner’s ability to provide care
and support to the person with PPA/PPAOS (Reinhard et al.,
2008). At present, a limited number of studies have begun
to address the need for caregiver-focused interventions
(Schaffer & Henry, 2021); these should be considered in
future reviews of the treatment literature in PPA/PPAOS.
The review similarly excluded interventions directed spe-
cifically toward psychological well-being for persons with
PPA, although speech or language interventions with out-
come measures characterizing changes in communication-
related quality of life, confidence, and mood were captured.
Anxiety, depression, frustration, and grief are common in
persons with PPA (Davies & Howe, 2019; Ruggero et al.,
2019) and interventions targeting psychological well-being
are warranted; at present, however, only a small number of
such interventions have been reported (Morhardt et al., 2019;
Schaffer & Henry, 2021; Taylor-Rubin et al., 2019).

Restriction to Studies Published in English

We restricted the review to studies published in English
because we did not have access to multi-language search-
ing or to translation resources. Beyond reducing the total
number of eligible studies, this almost certainly reduced the
representation of individuals speaking languages other than
English.

Implications for Behavioral Treatment for PPA
and PPAOS in Clinical Practice

Our review identified 45 experimental and quasi-experimen-
tal (level IIa and IIb) studies with adequate study quality
and risk of bias documenting positive treatment outcomes
in PPA. To understand the clinical implications of these
results, it is useful to compare our results to those of the
previous comprehensive systematic review of behavioral
speech-language treatment in PPA (i.e., Carthery-Goulart
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et al., 2013). Carthery-Goulart and colleagues (2013) used
a different evidence characterization system (Cicerone et al.,
2000) to classify studies by class of evidence and synthe-
size overall evidence for a given type of intervention into
one of three practice recommendations: practice standards,
practice guidelines, or practice options. According to the
most recent review by Cicerone and colleagues (2019),
practice standards are supported by at least one prospective
RCT or treatment study with quasi-randomized allocation
to treatment condition (class I studies), providing “substan-
tive” evidence of effectiveness; practice guidelines are sup-
ported by class I studies with methodological limitations or
“prospective, nonrandomized cohort studies, retrospective,
nonrandomized case—control studies, or multiple baseline
design studies that permitted a direct comparison of treat-
ment conditions” (class II studies) providing evidence of
“probable” effectiveness; and practice options are supported
by class II studies or “clinical series without concurrent
controls or single-subject designs with adequate quantifi-
cation and analysis” (class III studies), providing evidence
of “possible” effectiveness (Cicerone et al., 2019, p. 1517).
Carthery-Goulart and colleagues (2013) recommended lexi-
cal retrieval treatment as a practice option for svPPA and
noted there were a handful of other treatments supported by
one or two class III studies.

The current systematic review identified no RCTs; thus,
none of the intervention approaches can be classified as a
practice standard using the Cicerone et al. (2019) recom-
mendation system. Our findings included three prospective
nonrandomized cohort studies and several multiple baseline
design studies that documented positive outcomes across
PPA variants following lexical retrieval treatment, all of
which qualify as class II evidence according to Cicerone and
colleagues (2000, 2019). The evidence for lexical retrieval
treatment in this review therefore best supports an updated
designation as a practice guideline for all subtypes of PPA.
Furthermore, our findings included one prospective rand-
omized cohort study, one multiple baseline design study, and
one well-designed group study without concurrent controls
documenting positive outcomes following script training in
individuals with nfvPPA. Taken together, this evidence is
likely commensurate with a recommendation as a practice
guideline for nfvPPA, although it will be important for more
research groups to replicate the current positive results. All
other interventions in the group of higher-quality studies in
the current review (e.g., multimodal communication train-
ing, assistive device training; see “Results”) met criteria for
recommendation as practice options.

Evidence-based clinical recommendations for treat-
ment of individuals with PPAOS are sparse; however, a
few higher-quality studies addressing progressive AOS in
individuals with nfvPPA document positive outcomes (e.g.,
Henry et al., 2018, documents positive outcomes following

script training). Until there is a larger evidence base, clinical
decision-making and provision of behavioral treatment for
PPAOS and progressive AOS in the context of nfvPPA must
also rely on treatment efficacy evidence for nondegenerative
AOS (Ballard et al., 2015), as well as clinical experience,
expert opinion, and general principles guiding treatment for
other degenerative motor speech disorders (e.g., principles
of motor learning; Duffy et al., 2020).

Conclusions

The number of peer-reviewed journal articles reporting behav-
ioral treatment for speech or language in PPA has almost
tripled in the 8 years between the first systematic review
(Carthery-Goulart et al., 2013) and our most recent search.
There is a large proportion of high-quality studies (45/103),
and these indicate that a variety of treatment approaches may
result in positive treatment results for trained targets as well
as generalization and maintenance of outcomes, with a small
number of studies also providing evidence of social valid-
ity. This review updates the clinical recommendations of
Carthery-Goulart et al. (2013) with additional practice guide-
lines and options to inform clinical practice. These results
strongly support physician referral of individuals with PPA to
a speech-language pathologist-therapist and implementation
of appropriate behavioral intervention.

This review also indicates where further research is war-
ranted. Treatments identified as practice guidelines and
practice options should be investigated using study designs
with the potential to provide level I and level II evidence
of efficacy. Mechanisms of improvement, generalization,
and maintenance, as well as factors predicting individual
outcomes, require systematic investigation, the results of
which will guide the selection of participants and treatment
approaches most suitable for future randomized controlled
trials.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11065-023-09607-1.

Acknowledgements An earlier version of this review was presented
as Wauters, L.D., Ballard, K.J., Clark, H.M., Croot, K., Dial, H.R.,
Duffy, J.R., Grasso, S.M., Kim, E., Kohley, L., Milman, L., Murray,
L.L., Rogalski, E.J., Schaffer, K.M., Henry, M.L. (2021, May) A sys-
tematic review of behavioral treatment for PPA/PPAOS: Major trends
and future directions. Clinical Aphasiology Conference (CAC), Online.
We appreciate support from the ANCDS, especially Angela Roberts,
and feedback from members of the two CAC Round Table Discussion
groups, including on the implications of this review for research and
clinical services for individuals with PPA. We thank Elizabeth Den-
net, Research Librarian, University of Alberta, for assistance with the
search, and Madison Kurtz for research assistance. Some introduc-
tory text in this review first appeared in the Introduction to Croot,
K. (2018) The right word at the right time: Lexical retrieval treat-
ment in primary progressive aphasia, a Doctor of Psychology (Clinical
Neuropsychology) thesis completed at Macquarie University in the

@ Springer


https://doi.org/10.1007/s11065-023-09607-1

Neuropsychology Review

Department of Cognitive Science, Department of Psychology, and Aus-
tralian Research Council Centre of Excellence in Cognition and its
Disorders, supported by an Australian Government Research Training
Program Scholarship and supervised by Professor Lyndsey Nickels.

Author Contribution Conceptualization: Lisa Wauters, Karen Croot,
Heather Dial, Joseph Duffy, Stephanie Grasso, Esther Kim, Kristin
Schaffer Mendez, Kirrie Ballard, Heather Clark, Laura Murray, Emily
Rogalski, Maya Henry; data curation: Lisa Wauters, Karen Croot,
Heather Dial, Stephanie Grasso, Esther Kim, Kristin Schaffer Mendez,
Leeah Kohley, Mathieu Figeys, Maya Henry; formal analysis: Lisa
Wauters, Karen Croot, Maya Henry; funding acquisition: not applicable;
investigation: all authors; methodology: Lisa Wauters, Karen Croot,
Joseph Duffy, Esther Kim, Kirrie Ballard, Heather Clark, Laura Murray,
Emily Rogalski, Maya Henry; project administration: Lisa Wauters,
Karen Croot, Maya Henry; resources: Maya Henry; software: not
applicable; supervision: Maya Henry; validation: Lisa Wauters, Karen
Croot, Heather Dial, Stephanie Grasso, Kristin Schaffer Mendez, Maya
Henry; visualization: Lisa Wauters, Karen Croot; writing—original
draft: Lisa Wauters, Karen Croot, Joseph Duffy, Leeah Kohley, Maya
Henry; writing—review and editing: all authors.

Availability of Data and Materials The dataset generated by the system-
atic review are available via the Open Science Framework at https://
doi.org/10.17605/0SF.1I0/Z5U8D.

Declarations
Ethical Approval Not applicable.

Competing Interests This work was organized and completed by
the Academy of Neurologic Communication Sciences and Disorders
(ANCDS). All authors (Lisa Wauters, Karen Croot, Heather Dial,
Joseph Duffy, Stephanie Grasso, Esther Kim, Kristin Schaffer Mendez,
Kirrie Ballard, Heather Clark, Leeah Kohley, Laura Murray, Emily
Rogalski, Mathieu Figeys, Lisa Milman, and Maya Henry) completed
work on this manuscript as members of or on behalf of the Progressive
Neurogenic Communication Disorders writing group of the ANCDS.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Andrade-Calderoén, P., Salvador-Cruz, J., & Sosa-Ortiz, A. L. (2015).
Positive impact of speech therapy in progressive non-fluent apha-
sia. [Impacto positivo da terapia da linguagem em afasia progres-
siva ndo fluente; Impacto positivo de la terapia del lenguaje en
afasia progresiva no fluente]. Acta Colombiana de Psicologia,
18(2), 101-114. https://doi.org/10.14718/ACP.2015.18.2.9

ASHA. (2004). Evidence-based practice in communication disorders:
An introduction. https://doi.org/10.1044/policy. TR2004-00001

@ Springer

Ballard, K. J., Wambaugh, J. L., Dufty, J. R., Layfield, C., Maas, E.,
Mauszycki, S., & McNeil, M. R. (2015). Treatment for acquired
apraxia of speech: A systematic review of intervention research
between 2004 and 2012. American Journal of Speech-Language
Pathology, 24(2), 316-337. https://doi.org/10.1044/2015_
AJSLP-14-0118

Beales, A., Bates, K., Cartwright, J., & Whitworth, A. (2019). Lost
for words: Perspectives and experiences of people with primary
progressive aphasia and Alzheimer’s disease and their families
of participation in a lexical retrieval intervention. International
Journal of Speech-Language Pathology, 21(5), 483-492. https://
doi.org/10.1080/17549507.2019.1625439

Beales, A., Cartwright, J., Whitworth, A., & Panegyres, P. K. (2016).
Exploring generalisation processes following lexical retrieval
intervention in primary progressive aphasia. International Jour-
nal of Speech-Language Pathology, 18(3), 299-314. https://doi.
org/10.3109/17549507.2016.1151936

Beales, A., Whitworth, A., Cartwright, J., Panegyres, P. K., & Kane,
R. T. (2021). Making the right connections: Maximizing lexi-
cal generalization in lexical impairments in primary progressive
aphasia and alzheimer’s disease. American Journal of Speech-
Language Pathology, 30(2), 697-712. https://doi.org/10.1044/
2020_AJSLP-20-00019

Beeson, P. M., King, R. M., Bonakdarpour, B., Henry, M. L., Cho, H.,
& Rapcsak, S. Z. (2011). Positive effects of language treatment for
the logopenic variant of primary progressive aphasia. Journal of
Molecular Neuroscience, 45(3), 724-736. https://doi.org/10.1007/
$12031-011-9579-2

Bier, N., Brambati, S., Macoir, J., Paquette, G., Schmitz, X., Belleville,
S., Faucher, C., & Joubert, S. (2015). Relying on procedural
memory to enhance independence in daily living activities:
Smartphone use in a case of semantic dementia. Neuropsycho-
logical Rehabilitation, 25(6), 913-935. https://doi.org/10.1080/
09602011.2014.997745

Bier, N., Macoir, J., Gagnon, L., Van der Linden, M., Louveaux, S., &
Desrosiers, J. (2009). Known, lost, and recovered: Efficacy of
formal-semantic therapy and spaced retrieval method in a case of
semantic dementia. Aphasiology, 23(2), 210-235. https://doi.org/
10.1080/00207590801942906

Bier, N., MacOir, J., Joubert, S., Bottari, C., Chayer, C., Pigot, H.,
Giroux, S., & Team, S. (2011). Cooking Shrimp 4 la Créole: A
pilot study of an ecological rehabilitation in semantic dementia.
Neuropsychological Rehabilitation, 21(4), 455-483. https://doi.
org/10.1080/09602011.2011.580614

Borroni, B., Alberici, A., Grassi, M., Turla, M., Zanetti, O., Bianchetti,
A., Volta, G. D., Rozzini, R., Gilberti, N., Bellelli, G., &
Padovani, A. (2010). Is frontotemporal lobar degeneration a rare
disorder? Evidence from a preliminary study in Brescia County.
Italy. Journal of Alzheimer’s Disease, 19(1), 111-116. https://
doi.org/10.3233/JAD-2010-1208

Botha, H., & Josephs, K. A. (2019). Primary progressive aphasias and
apraxia of speech. Continuum : Lifelong Learning in Neurology,
25(1), 101. https://doi.org/10.1212/CON.0000000000000699

Botha, H., & Utianski, R. L. (2020). Primary progressive apraxia of
speech. In R. L. Utianski (Ed.), Primary progressive aphasia
and other trontotemporal dementias: Diagnosis and Treatment
of associated communication disorders (pp. 101-134). Plural
Publishing Inc.

Brady, M. C., Godwin, J., Enderby, P., Kelly, H., & Campbell, P. (2016).
Speech and language therapy for aphasia after stroke. Stroke,
47(10), e236—e237. https://doi.org/10.1161/STROKEAHA.116.
014439

Breitenstein, C., Grewe, T., Floel, A., Ziegler, W., Springer, L., Martus,
P., Huber, W., Willmes, K., Ringelstein, E. B., Haeusler, K. G.,
Abel, S., Glindemann, R., Domabhs, F., Regenbrecht, F., Schlenck,
K. J., Thomas, M., Obrig, H., de Langen, E., Rocker, R., ... &


https://doi.org/10.17605/OSF.IO/Z5U8D
https://doi.org/10.17605/OSF.IO/Z5U8D
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14718/ACP.2015.18.2.9
https://doi.org/10.1044/policy.TR2004-00001
https://doi.org/10.1044/2015_AJSLP-14-0118
https://doi.org/10.1044/2015_AJSLP-14-0118
https://doi.org/10.1080/17549507.2019.1625439
https://doi.org/10.1080/17549507.2019.1625439
https://doi.org/10.3109/17549507.2016.1151936
https://doi.org/10.3109/17549507.2016.1151936
https://doi.org/10.1044/2020_AJSLP-20-00019
https://doi.org/10.1044/2020_AJSLP-20-00019
https://doi.org/10.1007/s12031-011-9579-2
https://doi.org/10.1007/s12031-011-9579-2
https://doi.org/10.1080/09602011.2014.997745
https://doi.org/10.1080/09602011.2014.997745
https://doi.org/10.1080/00207590801942906
https://doi.org/10.1080/00207590801942906
https://doi.org/10.1080/09602011.2011.580614
https://doi.org/10.1080/09602011.2011.580614
https://doi.org/10.3233/JAD-2010-1208
https://doi.org/10.3233/JAD-2010-1208
https://doi.org/10.1212/CON.0000000000000699
https://doi.org/10.1161/STROKEAHA.116.014439
https://doi.org/10.1161/STROKEAHA.116.014439

Neuropsychology Review

Bamborschke, S. (2017). Intensive speech and language therapy
in patients with chronic aphasia after stroke: A randomised, open-
label, blinded-endpoint, controlled trial in a health-care setting.
The Lancet. https://doi.org/10.1016/S0140-6736(17)30067-3

Burdea, G. C., Polistico, K., House, G. P, Liu, R. R., Muiiiz, R., Macaro,
N. A, & Slater, L. M. (2015). Novel integrative virtual rehabilita-
tion reduces symptomatology of primary progressive aphasia - A
case report. International Journal of Neuroscience, 125(12), 949—
958. https://doi.org/10.3109/00207454.2014.993392

Cadorio, I., Figueiredo, D., Martins, P., Cardoso, R., Santos, J., &
Lousada, M. (2021). Combined restorative and compensatory
treatment for primary progressive aphasia: A case report. Aphasi-
ology, 35(2), 222-239. https://doi.org/10.1080/02687038.2019.
1687842

Cadorio, 1., Lousada, M., Martins, P., & Figueiredo, D. (2017). Gener-
alization and maintenance of treatment gains in primary progres-
sive aphasia (PPA): A systematic review. International Journal
of Language and Communication Disorders, 52(5), 543-560.
https://doi.org/10.1111/1460-6984.12310

Carthery-Goulart, M. T., Silveira, A. da C. da, Machado, T. H., Mansur,
L. L., Parente, M. A. de M. P., Senaha, M. L. H., Brucki, S.
M. D., & Nitrini, R. (2013). Nonpharmacological interventions
for cognitive impairments following primary progressive
aphasia: A systematic review of the literature. In Dementia &
Neuropsychologia (Vol. 7, Issue 1). https://doi.org/10.1590/
s1980-57642013dn70100018

Cartwright, J., & Elliott, K. A. E. (2009). Promoting strategic televi-
sion viewing in the context of progressive language impair-
ment. Aphasiology, 23(2), 266-285. https://doi.org/10.1080/
02687030801942932

Cicerone, K. D., Dahlberg, C., Kalmar, K., Langenbahn, D. M., Malec,
J. F,, Bergquist, T. F., Felicetti, T., Giacino, J. T., Harley, J. P.,
Harrington, D. E., Herzog, J., Kneipp, S., Laatsch, L., & Morse,
P. A. (2000). Evidence-based cognitive rehabilitation: Recom-
mendations for clinical practice. Archives of Physical Medicine
and Rehabilitation, 81(12), 1596-1615. https://doi.org/10.1053/
APMR.2000.19240

Cicerone, K. D., Goldin, Y., Ganci, K., Rosenbaum, A., Wethe, J. V.,
Langenbahn, D. M., Malec, J. F., Bergquist, T. F., Kingsley, K.,
Nagele, D., Trexler, L., Fraas, M., Bogdanova, Y., & Harley, J.
P. (2019). Evidence-based cognitive rehabilitation: Systematic
review of the literature from 2009 through 2014. Archives of Physi-
cal Medicine and Rehabilitation, 100(8), 1515-1533. https://doi.
org/10.1016/J.APMR.2019.02.011

Conca, F., Esposito, V., Giusto, G., Cappa, S. F., & Catricala, E.
(2022). Characterization of the logopenic variant of Primary pro-
gressive aphasia: A systematic review and meta-analysis. Ageing
Research Reviews, 82, 101760. https://doi.org/10.1016/J.ARR.
2022.101760

Cotelli, M., Manenti, R., Petesi, M., Brambilla, M., Cosseddu, M., Zanetti,
0., Miniussi, C., Padovani, A., & Borroni, B. (2014). Treatment of
primary progressive aphasias by transcranial direct current stimula-
tion combined with language training. Journal of Alzheimer’s Dis-
ease, 39(4), 799-808. https://doi.org/10.3233/JAD-131427

Cotelli, M., Manenti, R., Paternico, D., Cosseddu, M., Brambilla, M.,
Petesi, M., Premi, E., Gasparotti, R., Zanetti, O., Padovani, A.,
& Borroni, B. (2016). Grey matter density predicts the improve-
ment of naming abilities after tDCS intervention in agrammatic
variant of primary progressive aphasia. Brain Topography, 29(5),
738-751. https://doi.org/10.1007/s10548-016-0494-2

Cotelli, M., Manenti, R., Ferrari, C., Gobbi, E., Macis, A., & Cappa, S. F.
(2020). Effectiveness of language training and non-invasive brain
stimulation on oral and written naming performance in primary
progressive aphasia: A meta-analysis and systematic review. In
Neuroscience and Biobehavioral Reviews (Vol. 108, pp. 498-525).
Elsevier Ltd. https://doi.org/10.1016/j.neubiorev.2019.12.003

Coyle-Gilchrist, I. T. S., Dick, K. M., Patterson, K., Vazquez Rodriquez,
P., Wehmann, E., Wilcox, A., Lansdall, C. J., Dawson, K. E.,
Wiggins, J., Mead, S., Brayne, C., & Rowe, J. B. (2016). Prevalence,
characteristics, and survival of frontotemporal lobar degeneration
syndromes. Neurology, 86(18), 1736—1743. https://doi.org/10.1212/
'WNL.0000000000002638

Cress, C.J., & King, J. M. (1999). AAC strategies for people with primary
progressive aphasia without dementia: Two case studies. AAC: Aug-
mentative and Alternative Communication, 15(4), 248-259. https:/
doi.org/10.1080/07434619912331278785

Croot, K., Raiser, T., Taylor-Rubin, C., Ruggero, L., Ackl, N., Wlasich,
E., Danek, A., Scharfenberg, A., Foxe, D., Hodges, J. R., Piguet,
0., Kochan, N. A., & Nickels, L. (2019). Lexical retrieval
treatment in primary progressive aphasia: An investigation of
treatment duration in a heterogeneous case series. Cortex, 115,
133-158. https://doi.org/10.1016/j.cortex.2019.01.009

Croot, K., Taylor, C., Abel, S., Jones, K., Krein, L., Hameister, 1.,
Ruggero, L., & Nickels, L. (2015). Measuring gains in connected
speech following treatment for word retrieval: a study with two
participants with primary progressive aphasia. Aphasiology, 29(11),
1265-1288. https://doi.org/10.1080/02687038.2014.975181

Cuijpers, P. (2005). Depressive disorders in caregivers of dementia patients:
A systematic review. Aging & Mental Health, 9(4), 325-330. https://
doi.org/10.1080/13607860500090078

Cupit, J., Rochon, E., Leonard, C., & Laird, L. (2010). Social valida-
tion as a measure of improvement after aphasia treatment: Its
usefulness and influencing factors. 24(11), 1486-1500. https://
doi.org/10.1080/02687031003615235

Davies, K., & Howe, T. (2019). Experiences of living with primary
progressive aphasia: A scoping review of qualitative studies.
American Journal of Alzheimer’s Disease and Other Demen-
tias, 35. https://doi.org/10.1177/1533317519886218

de Aguiar, V., Rofes, A., Wendt, H., Ficek, B. N., Webster, K., & Tsapkini,
K. (2021). Treating lexical retrieval using letter fluency and tDCS
in primary progressive aphasia: a single-case study. Aphasiology,
00(00), 1-27. https://doi.org/10.1080/02687038.2021.1881432

de Aguiar, V., Zhao, Y., Ficek, B. N., Webster, K., Rofes, A., Wendt,
H., Frangakis, C., Caffo, B., Hillis, A. E., Rapp, B., & Tsapkini,
K. (2020). Cognitive and language performance predicts effects
of spelling intervention and tDCS in Primary Progressive
Aphasia. Cortex, 124, 66-84. https://doi.org/10.1016/j.cortex.
2019.11.001

Dewar, B. K., Patterson, K., Wilson, B. A., & Graham, K. S. (2009).
Re-acquisition of person knowledge in semantic memory dis-
orders. Neuropsychological Rehabilitation, 19(3), 383-421.
https://doi.org/10.1080/09602010802278152

Dial, H. R., Hinshelwood, H. A., Grasso, S. M., Hubbard, H. I.,
Gorno-Tempini, M. L., & Henry, M. L. (2019). Investigating
the utility of teletherapy in individuals with primary progres-
sive aphasia. Clinical Interventions in Aging, 14, 453-471.
https://doi.org/10.2147/CIA.S178878

Dressel, K., Huber, W., Frings, L., Kiimmerer, D., Saur, D., Mader,
1., Hiill, M., Weiller, C., & Abel, S. (2010). Model-oriented
naming therapy in semantic dementia: A single-case fMRI
study. Aphasiology, 24(12), 1537-1558. https://doi.org/10.
1080/02687038.2010.500567

Dufty, J. R., Strand, E. A., Clark, H., Machulda, M., Whitwell, J.
L., & Josephs, K. A. (2015). Primary progressive apraxia of
speech: Clinical features and acoustic and neurologic corre-
lates. American Journal of Speech-Language Pathology, 24(2),
88-100. https://doi.org/10.1044/2015_AJSLP-14-0174

Duffy, J. R., Utianski, R. L., & Josephs, K. A. (2020). Primary pro-
gressive apraxia of speech: From recognition to diagnosis and
care. 1-32. https://doi.org/10.1080/02687038.2020.1787732

Eikelboom, W. S., Janssen, N., Jiskoot, L. C., van den Berg, E.,
Roelofs, A., & Kessels, R. P. C. (2018). Episodic and working

@ Springer


https://doi.org/10.1016/S0140-6736(17)30067-3
https://doi.org/10.3109/00207454.2014.993392
https://doi.org/10.1080/02687038.2019.1687842
https://doi.org/10.1080/02687038.2019.1687842
https://doi.org/10.1111/1460-6984.12310
https://doi.org/10.1590/s1980-57642013dn70100018
https://doi.org/10.1590/s1980-57642013dn70100018
https://doi.org/10.1080/02687030801942932
https://doi.org/10.1080/02687030801942932
https://doi.org/10.1053/APMR.2000.19240
https://doi.org/10.1053/APMR.2000.19240
https://doi.org/10.1016/J.APMR.2019.02.011
https://doi.org/10.1016/J.APMR.2019.02.011
https://doi.org/10.1016/J.ARR.2022.101760
https://doi.org/10.1016/J.ARR.2022.101760
https://doi.org/10.3233/JAD-131427
https://doi.org/10.1007/s10548-016-0494-2
https://doi.org/10.1016/j.neubiorev.2019.12.003
https://doi.org/10.1212/WNL.0000000000002638
https://doi.org/10.1212/WNL.0000000000002638
https://doi.org/10.1080/07434619912331278785
https://doi.org/10.1080/07434619912331278785
https://doi.org/10.1016/j.cortex.2019.01.009
https://doi.org/10.1080/02687038.2014.975181
https://doi.org/10.1080/13607860500090078
https://doi.org/10.1080/13607860500090078
https://doi.org/10.1080/02687031003615235
https://doi.org/10.1080/02687031003615235
https://doi.org/10.1177/1533317519886218
https://doi.org/10.1080/02687038.2021.1881432
https://doi.org/10.1016/j.cortex.2019.11.001
https://doi.org/10.1016/j.cortex.2019.11.001
https://doi.org/10.1080/09602010802278152
https://doi.org/10.2147/CIA.S178878
https://doi.org/10.1080/02687038.2010.500567
https://doi.org/10.1080/02687038.2010.500567
https://doi.org/10.1044/2015_AJSLP-14-0174
https://doi.org/10.1080/02687038.2020.1787732

Neuropsychology Review

memory function in primary progressive aphasia: A meta-
analysis. Neuroscience and Biobehavioral Reviews, 92(June),
243-254. https://doi.org/10.1016/j.neubiorev.2018.06.015

Evans, W. S., Quimby, M., Dickey, M. W., & Dickerson, B. C.
(2016). Relearning and retaining personally-relevant words
using computer-based flashcard software in primary progres-
sive aphasia. Frontiers in Human Neuroscience, I0(NOV2016),
1-8. https://doi.org/10.3389/fnhum.2016.00561

Farrajota, L., Maruta, C., Maroco, J., Martins, 1. P., Guerreiro, M., &
de Mendonga, A. (2012). Speech therapy in primary progressive
aphasia: A pilot study. Dementia and Geriatric Cognitive Disor-
ders Extra, 2(1), 321-331. https://doi.org/10.1159/000341602

Fenner, A. S., Webster, K. T., Ficek, B. N., Frangakis, C. E., & Tsapkini,
K. (2019). Written verb naming improves after tDCS over the
left IFG in primary progressive aphasia. Frontiers in Psychology,
10(JUN), 1-13. https://doi.org/10.3389/fpsyg.2019.01396

Ficek, B. N., Wang, Z., Zhao, Y., Webster, K. T., Desmond, J. E.,
Hillis, A. E., Frangakis, C., Faria, A. V., Caffo, B., & Tsapkini,
K. (2019). Erratum: “The effect of tDCS on functional con-
nectivity in primary progressive aphasia” (Neurolmage: Clini-
cal (2018), 19, 703-715, S2213158218301682, https://doi.org/
10.1016/j.nicl.2018.05.023). Neurolmage: Clinical, 22(March
2019), 101734. https://doi.org/10.1016/j.nicl.2019.101734

Flanagan, K. J., Copland, D. A., Van Hees, S., Byrne, G.J., & Angwin,
A.J. (2016). Semantic feature training for the treatment of ano-
mia in alzheimer disease: A preliminary investigation. Cognitive
and Behavioral Neurology, 29(1), 32-43. https://doi.org/10.1097/
WNN.0000000000000088

Flurie, M., Ungrady, M., & Reilly, J. (2020). Evaluating a maintenance-
based treatment approach to preventing lexical dropout in pro-
gressive anomia. Journal of Speech, Language, and Hearing
Research, 63(12), 4082-4095. https://doi.org/10.1044/2020_
JSLHR-20-00059

Frattali, C., & Kang, Y. K. (2004). An errorless learning approach
to treating dysnomia. Brain and Language, 91(1 SPEC. 1SS.),
177-178. https://doi.org/10.1016/j.bandl.2004.06.091

Fridriksson, J., Basilakos, A., Boyle, M., Cherney, L. R., DeDe,
G., Gordon, J. K., Harnish, S. M., Hoover, E. L., Hula, W. D.,
Pompon, R. H., Johnson, L. P, Kiran, S., Murray, L. L., Rose, M.
L., Obermeyer, J., Salis, C., Walker, G. M., & Martin, N. (2022).
Demystifying the complexity of aphasia treatment: Application
of the rehabilitation treatment specification systemx. Archives of
Physical Medicine and Rehabilitation, 103(3), 574-580. https://
doi.org/10.1016/j.apmr.2021.08.025

Galvin, J. E., Howard, D. H., Denny, S. S., Dickinson, S., & Tatton,
N. (2017). The social and economic burden of frontotemporal
degeneration. Neurology, 89(20), 2049-2056. https://doi.org/
10.1212/WNL.0000000000004614

Gil-Navarro, S., Lladé, A., Rami, L., Castellvi, M., Bosch, B., Bargallo,
N., Lomeiia, F., Refié, R., Montagut, N., Antonell, A., Molinuevo,
J. L., & Sanchez-Valle, R. (2013). Neuroimaging and biochemical
markers in the three variants of primary progressive aphasia.
Dementia and Geriatric Cognitive Disorders, 35(1-2), 106—-117.
https://doi.org/10.1159/000346289

Gorno-Tempini, M. L., & Brambati, S. M. (2008). The logopenic / phono-
logic variant of primary progressive aphasia The logopenic / phono-
logical variant of primary progressive aphasia. Neurology, 71(16),
1227-1234. https://doi.org/10.1212/01.wnl.0000320506.79811.da

Gorno-Tempini, M. L., Hillis, A. E., Weintraub, S., Kertesz, A.,
Mendez, M., Cappa, S. F., Ogar, J. M., Rohrer, J. D., Black,
S., Boeve, B. F., Manes, F., Dronkers, N. F., Vandenberghe,
R., Rascovsky, K., Patterson, K., Miller, B. L., Knopman, D.
S., Hodges, J. R., Mesulam, M. M., & Grossman, M. (2011).
Classification of primary progressive aphasia and its variants.
Neurology, 76(11), 1006-1014. https://doi.org/10.1212/WNL.
0b013e31821103e6

@ Springer

Goyal, S., Darshini, S. K. J., Arshad, F., Feba, S., Varghese, A., Paplikar,
A., Vandana, V. P., Ramakrishnan, S., & Alladi, S. (2021). Lan-
guage profile of primary progressive aphasia in a linguistically
diverse cohort in India. Alzheimer’s & Dementia, 17(S6), €052554.
https://doi.org/10.1002/ALZ.052554

Graham, K. S., Patterson, K., Pratt, K. H., & Hodges, J. R. (1999).
Relearning and subsequent forgetting of semantic category exem-
plars in a case of semantic dementia. Neuropsychology, 13(3),
359-380. https://doi.org/10.1037/0894-4105.13.3.359

Graham, K. S., Patterson, K., Pratt, K. H., & Hodges, J. R. (2001). Can
repeated exposure to “forgotten” vocabulary help alleviate word-
finding difficulties in semantic dementia? An illustrative case
study. Neuropsychological Rehabilitation, 11(3-4), 429-454.
https://doi.org/10.1080/09602010042000060

Grasso, S. M., Shuster, K. M., & Henry, M. L. (2019). Comparing the
effects of clinician and caregiver-administered lexical retrieval
training for progressive anomia. Neuropsychological Rehabili-
tation, 29(6), 866—895. https://doi.org/10.1080/09602011.2017.
1339358

Hameister, 1., Nickels, L., Abel, S., & Croot, K. (2017). “Do you
have mowing the lawn?”-Improvements in word retrieval
and grammar following constraint-induced language therapy
in primary progressive aphasia. Aphasiology, 31(3), 308-
331. https://doi.org/10.1080/02687038.2016.1197558

Harbour, R., & Miller, J. (2001). A new system for grading recommen-
dations in evidence based guidelines. BMJ, 323(7308), 334-336.
https://doi.org/10.1136/bmj.323.7308.334

Harris, A. D., Wang, Z., Ficek, B., Webster, K., Edden, R. A.,
& Tsapkini, K. (2019). Reductions in GABA following a
tDCS-language intervention for primary progressive aphasia.
Neurobiology of Aging, 79, 75-82. https://doi.org/10.1016/j.
neurobiolaging.2019.03.011

Harris, J. M., Gall, C., Thompson, J. C., Richardson, A. M. T., Neary, D.,
du Plessis, D., Pal, P., Mann, D. M. A., Snowden, J. S., & Jones,
M. (2013). Classification and pathology of primary progressive
aphasia. Neurology, 81(21), 1832-1839. https://doi.org/10.1212/
01.wnl.0000436070.28137.7b

Henry, M., Beeson, P., & Rapcsak, S. (2008). Treatment for lexical
retrieval in progressive aphasia. Aphasiology, 22(7-8), 826—838.
https://doi.org/10.1080/02687030701820055

Henry, M., Wauters, L. D., Croot, K., Dial, H. R., Duffy, J., Grasso, S.,
Kim, E., Schaffer Mendez, K., Ballard, K., Clark, H. M., Kohley,
L., Murray, L. L., Rogalski, E., Figeys, M., & Milman, L. (2023).
Behavioral treatment for speech and language in primary progres-
sive aphasia and primary progressive apraxia of speech: A system-
atic review [Data set]. https://doi.org/10.17605/OSF.I0/Z5U8D

Henry, M. L., & Gorno-Tempini, M. L. (2010). The logopenic variant
of primary progressive aphasia. Current Opinion in Neurology,
23(6), 633-637. https://doi.org/10.1097/WCO.0b013e32833fb93e

Henry, M. L., Hubbard, H. I., Grasso, S. M., Mandelli, M. L., Wilson,
S. M., Sathishkumar, M. T., Fridriksson, J., Daigle, W., Boxer,
A. L., Miller, B. L., & Gorno-Tempini, M. L. (2018). Retraining
speech production and fluency in non-fluent/agrammatic primary
progressive aphasia. Brain, 141(6), 1799-1814. https://doi.org/10.
1093/brain/awy101

Henry, M. L., Hubbard, H. I., Grasso, S. M., Dial, H. R., Beeson, P.
M., Miller, B. L., & Gorno-Tempini, M. L. (2019). Treatment for
word retrieval in semantic and logopenic variants of primary pro-
gressive aphasia: Immediate and long-term outcomes. Journal
of Speech, Language, and Hearing Research, 62(8), 2723-2749.
https://doi.org/10.1044/2018_JSLHR-L-18-0144

Henry, M. L., Meese, M., Truong, S., Babiak, M. C., Miller, B. L., &
Gorno-Tempini, M. L. (2013). Treatment for apraxia of speech
in nonfluent variant primary progressive aphasia. Behav-
ioural Neurology, 26(1-2), 77-88. https://doi.org/10.3233/
BEN-2012-120260


https://doi.org/10.1016/j.neubiorev.2018.06.015
https://doi.org/10.3389/fnhum.2016.00561
https://doi.org/10.1159/000341602
https://doi.org/10.3389/fpsyg.2019.01396
https://doi.org/10.1016/j.nicl.2018.05.023
https://doi.org/10.1016/j.nicl.2018.05.023
https://doi.org/10.1016/j.nicl.2019.101734
https://doi.org/10.1097/WNN.0000000000000088
https://doi.org/10.1097/WNN.0000000000000088
https://doi.org/10.1044/2020_JSLHR-20-00059
https://doi.org/10.1044/2020_JSLHR-20-00059
https://doi.org/10.1016/j.bandl.2004.06.091
https://doi.org/10.1016/j.apmr.2021.08.025
https://doi.org/10.1016/j.apmr.2021.08.025
https://doi.org/10.1212/WNL.0000000000004614
https://doi.org/10.1212/WNL.0000000000004614
https://doi.org/10.1159/000346289
https://doi.org/10.1212/01.wnl.0000320506.79811.da
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1212/WNL.0b013e31821103e6
https://doi.org/10.1002/ALZ.052554
https://doi.org/10.1037/0894-4105.13.3.359
https://doi.org/10.1080/09602010042000060
https://doi.org/10.1080/09602011.2017.1339358
https://doi.org/10.1080/09602011.2017.1339358
https://doi.org/10.1080/02687038.2016.1197558
https://doi.org/10.1136/bmj.323.7308.334
https://doi.org/10.1016/j.neurobiolaging.2019.03.011
https://doi.org/10.1016/j.neurobiolaging.2019.03.011
https://doi.org/10.1212/01.wnl.0000436070.28137.7b
https://doi.org/10.1212/01.wnl.0000436070.28137.7b
https://doi.org/10.1080/02687030701820055
https://doi.org/10.17605/OSF.IO/Z5U8D
https://doi.org/10.1097/WCO.0b013e32833fb93e
https://doi.org/10.1093/brain/awy101
https://doi.org/10.1093/brain/awy101
https://doi.org/10.1044/2018_JSLHR-L-18-0144
https://doi.org/10.3233/BEN-2012-120260
https://doi.org/10.3233/BEN-2012-120260

Neuropsychology Review

Heredia, C. G., Sage, K., Lambon Ralph, M. A., & Berthier, M. L.
(2009). Relearning and retention of verbal labels in a case of
semantic dementia. Aphasiology, 23(2), 192-209. https://doi.
org/10.1080/02687030801942999

Hodges, J. R., & Patterson, K. (2007). Semantic dementia: A unique
clinicopathological syndrome. The Lancet Neurology, 6(11),
1004-1014. https://doi.org/10.1016/S1474-4422(07)70266-1

Hodges, J. R., Patterson, K., Oxbury, S., & Funnell, E. (1992). Seman-
tic dementia: Progressive fluent aphasia with temporal lobe atro-
phy. Brain, 115(6), 1783-1806.

Hodges, J. R., & Piguet, O. (2018). Progress and challenges in fronto-
temporal dementia research: A 20-year review. Journal of Alz-
heimer’s Disease, 62(3), 1467-1480. https://doi.org/10.3233/
JAD-171087

Hoffman, P., Clarke, N., Jones, R. W., & Noonan, K. A. (2015). Vocabu-
lary relearning in semantic dementia: Positive and negative conse-
quences of increasing variability in the learning experience. Neu-
ropsychologia, 76, 240-253. https://doi.org/10.1016/j.neuropsych
ologia.2015.01.015

Hung, J., Bauer, A., Grossman, M., Hamilton, R. H., Coslett, H. B., &
Reilly, J. (2017). Semantic feature training in combination with
transcranial direct current stimulation (tDCS) for progressive
anomia. Frontiers in Human Neuroscience, 11, 253. https://doi.
org/10.3389/fnhum.2017.00253

Jafari, S., Khatoonabadi, A. R., Noroozian, M., Mehri, A., Ashayeri,
H., & Nickels, L. (2018). The effect of word retrieval therapy in
primary progressive aphasia: A single-case study. Archives of
Neuroscience, In Press. https://doi.org/10.5812/ans.67577

JBI Manual for Evidence Synthesis. (2020). In JBI Manual for Evi-
dence Synthesis (Issue August). https://doi.org/10.46658/
jbimes-20-01

Jokel, R., & Anderson, N. D. (2012). Quest for the best: Effects of
errorless and active encoding on word re-learning in semantic
dementia. Neuropsychological Rehabilitation, 22(2), 187-214.
https://doi.org/10.1080/09602011.2011.639626

Jokel, R., Cupit, J., Rochon, E., & Leonard, C. (2009). Relearning
lost vocabulary in nonfluent progressive aphasia with MossTalk
Words®. Aphasiology, 23(2), 175-191. https://doi.org/10.1080/
02687030801943005

Jokel, R., Kielar, A., Anderson, N. D., Black, S. E., Rochon, E., Graham,
S., Freedman, M., & Tang-Wai, D. F. (2016). Behavioural and neu-
roimaging changes after naming therapy for semantic variant pri-
mary progressive aphasia. Neuropsychologia, 89, 191-216. https://
doi.org/10.1016/j.neuropsychologia.2016.06.009

Jokel, R., Meltzer, J., & D.R., J., DM., L., J.C.,J., AN, E.,
& D.T., C. (2017). Group intervention for individuals with
primary progressive aphasia and their spouses: Who comes
first? Journal of Communication Disorders, 66, 51-64.
https://doi.org/10.1016/j.jcomdis.2017.04.002

Jokel, R., Rochon, E., & Leonard, C. (2006). Treating anomia in
semantic dementia: Improvement, maintenance, or both? Neu-
ropsychological Rehabilitation, 16(3), 241-256. https://doi.org/
10.1080/09602010500176757

Jokel, R., Rochon, E., & Anderson, N. D. (2010). Errorless learning of
computer-generated words in a patient with semantic dementia.
Neuropsychological Rehabilitation, 20(1), 16—41. https://doi.org/
10.1080/09602010902879859

Josephs, K. A., Duffy, J. R., Strand, E. A., Machulda, M. M., Senjem,
M. L., Master, A. V., Lowe, V.., Jack, C. R., Jr., & Whitwell,
J. L. (2012). Characterizing a neurodegenerative syndrome: Pri-
mary progressive apraxia of speech. Brain, 135(5), 1522-1536.

Josephs, K. A., Duffy, J. R., Strand, E. A., Machulda, M. M., Senjem,
M. L., Gunter, J. L., Schwarz, C. G., Reid, R. 1, Spychalla, A.
J., Lowe, V.., Jack, C. R., & Whitwell, J. L. (2014). The evolu-
tion of primary progressive apraxia of speech. Brain, 137(10),
2783-2795. https://doi.org/10.1093/BRAIN/AW U223

Karageorgiou, E., & Miller, B. L. (2014). Frontotemporal lobar degen-
eration: A clinical approach. Seminars in Neurology, 34(2), 189—
201. https://doi.org/10.1055/s-0034-1381735

Kertesz, A., McMonagle, P., Blair, M., Davidson, W., & Munoz,
D. G. (2005). The evolution and pathology of frontotemporal
dementia. Brain, 128(9), 1996-2005. https://doi.org/10.1093/
BRAIN/AWHS598

Kim, M. (2017). Effect of lexical retrieval cascade treatment on naming
and discourse of individuals with logopenic variant of primary
progressive aphasia(IvPPA). Clinical Archives of Communica-
tion Disorders, 2(3), 197-208. https://doi.org/10.21849/cacd.
2017.00171

Kindell, J., Sage, K., Wilkinson, R., & Keady, J. (2014). Living with
semantic dementia: A case study of one Family’s experience.
Qualitative Health Research, 24(3), 401-411. https://doi.org/
10.1177/1049732314521900

Kindell, J., Sage, K., & Cruice, M. (2015). Supporting communi-
cation in semantic dementia: Clinical consensus from expert
practitioners. Quality in Ageing and Older Adults, 16(3), 153—
164. https://doi.org/10.1108/QAOA-08-2014-0016/FULL/PDF

Kindell, J., Wilkinson, R., Sage, K., & Keady, J. (2018). Combining
music and life story to enhance participation in family interaction
in semantic dementia: a longitudinal study of one family’s experi-
ence. Arts and Health, 10(2), 165-180. https://doi.org/10.1080/
17533015.2017.1342269

Kobayashi, H., Ohnishi, T., Nakagawa, R., & Yoshizawa, K. (2016).
The comparative efficacy and safety of cholinesterase inhibi-
tors in patients with mild-to-moderate Alzheimer’s disease:
A Bayesian network meta-analysis. International Journal of
Geriatric Psychiatry, 31(8), 892-904. https://doi.org/10.1002/
gps.4405

Krajenbrink, T., Croot, K., Taylor-Rubin, C., & Nickels, L. (2020).
Treatment for spoken and written word retrieval in the semantic
variant of primary progressive aphasia. Neuropsychological Reha-
bilitation, 30(5), 915-947. https://doi.org/10.1080/09602011.2018.
1518780

Lavoie, M., Bier, N., Laforce, R., & Macoir, J. (2020). Improvement
in functional vocabulary and generalization to conversation
following a self-administered treatment using a smart tablet
in primary progressive aphasia. Neuropsychological Rehabili-
tation, 30(7), 1224—1254. https://doi.org/10.1080/09602011.
2019.1570943

Levine, B., & Downey-Lamb, M. M. (2002). Design and evaluation
of rehabilitation experiments. In P. J. Eslinger (Ed.), Neuropsy-
chological interventions: Clinical research and practice (pp.
80-102). Guilford Press.

Leyton, C. E., Hsieh, S., Mioshi, E., & Hodges, J. R. (2013). Cog-
nitive decline in logopenic aphasia: More than losing words.
Neurology, 80(10), 897-903. https://doi.org/10.1212/WNL.
0BO13E318285C15B

Liberati, A., Altman, D. G., Tetzlaff, J., Mulrow, C., Ggtzsche, P.
C., loannidis, J. P. A., Clarke, M., Devereaux, P. J., Kleijnen,
J., & Moher, D. (2009). The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate
health care interventions: Explanation and elaboration. Journal
of Clinical Epidemiology, 62(10), el—-e34. https://doi.org/10.
1016/j.jclinepi.2009.06.006

Ljubenkov, P. A., & Boxer, A. L. (2021). FTLD treatment: Current
practice and future possibilities. Advances in Experimental
Medicine and Biology, 1281, 297-310. https://doi.org/10.1007/
978-3-030-51140-1_18

Louis, M., Espesser, R., Rey, V., Daffaure, V., Di Cristo, A., &
Habib, M. (2001). Intensive training of phonological skills in
progressive aphasia: A model of brain plasticity in neurode-
generative disease. Brain and Cognition, 46(1-2), 197-201.
https://doi.org/10.1016/S0278-2626(01)80065-8

@ Springer


https://doi.org/10.1080/02687030801942999
https://doi.org/10.1080/02687030801942999
https://doi.org/10.1016/S1474-4422(07)70266-1
https://doi.org/10.3233/JAD-171087
https://doi.org/10.3233/JAD-171087
https://doi.org/10.1016/j.neuropsychologia.2015.01.015
https://doi.org/10.1016/j.neuropsychologia.2015.01.015
https://doi.org/10.3389/fnhum.2017.00253
https://doi.org/10.3389/fnhum.2017.00253
https://doi.org/10.5812/ans.67577
https://doi.org/10.46658/jbimes-20-01
https://doi.org/10.46658/jbimes-20-01
https://doi.org/10.1080/09602011.2011.639626
https://doi.org/10.1080/02687030801943005
https://doi.org/10.1080/02687030801943005
https://doi.org/10.1016/j.neuropsychologia.2016.06.009
https://doi.org/10.1016/j.neuropsychologia.2016.06.009
https://doi.org/10.1016/j.jcomdis.2017.04.002
https://doi.org/10.1080/09602010500176757
https://doi.org/10.1080/09602010500176757
https://doi.org/10.1080/09602010902879859
https://doi.org/10.1080/09602010902879859
https://doi.org/10.1093/BRAIN/AWU223
https://doi.org/10.1055/s-0034-1381735
https://doi.org/10.1093/BRAIN/AWH598
https://doi.org/10.1093/BRAIN/AWH598
https://doi.org/10.21849/cacd.2017.00171
https://doi.org/10.21849/cacd.2017.00171
https://doi.org/10.1177/1049732314521900
https://doi.org/10.1177/1049732314521900
https://doi.org/10.1108/QAOA-08-2014-0016/FULL/PDF
https://doi.org/10.1080/17533015.2017.1342269
https://doi.org/10.1080/17533015.2017.1342269
https://doi.org/10.1002/gps.4405
https://doi.org/10.1002/gps.4405
https://doi.org/10.1080/09602011.2018.1518780
https://doi.org/10.1080/09602011.2018.1518780
https://doi.org/10.1080/09602011.2019.1570943
https://doi.org/10.1080/09602011.2019.1570943
https://doi.org/10.1212/WNL.0B013E318285C15B
https://doi.org/10.1212/WNL.0B013E318285C15B
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1016/j.jclinepi.2009.06.006
https://doi.org/10.1007/978-3-030-51140-1_18
https://doi.org/10.1007/978-3-030-51140-1_18
https://doi.org/10.1016/S0278-2626(01)80065-8

Neuropsychology Review

Machado, T. H., Campanha, A. C., Caramelli, P., & Carthery-Goulart,
M. T. (2014). Intervenca breve para agramatismo em afasia pro-
gressiva primaria nao fluente: relato de caso. Dementia e Neu-
ropsychologia, 8(3), 291-296. https://doi.org/10.1590/S1980-
57642014DN83000014

Macoir, J., Leroy, M., Routhier, S., Auclair-Ouellet, N., Houde, M.,
& Laforce, R. (2015). Improving verb anomia in the semantic
variant of primary progressive aphasia: the effectiveness of
a semantic-phonological cueing treatment. Neurocase, 21(4),
448-456. https://doi.org/10.1080/13554794.2014.917683

Magnin, E., Démonet, J. F., Wallon, D., Dumurgier, J., Troussiere,
A. C., Jager, A., Duron, E., Gabelle, A., de La Sayette, V.,
Volpe-Gillot, L., Tio, G., Evain, S., Boutoleau-Bretonniere,
C., Enderle, A., Mouton-Liger, F., Robert, P., Hannequin, D.,
Pasquier, F., Hugon, J., & Paquet, C. (2016). Primary progres-
sive aphasia in the network of French Alzheimer plan memory
centers. Journal of Alzheimer’s Disease, 54(4), 1459-1471.
https://doi.org/10.3233/JAD-160536

Mahendra, N., & Tadokoro, A. (2020). Nonfluent primary progressive
aphasia: Implications of palliative care principles for informing
service delivery. Topics in Language Disorders, 40(3), ET-E24.
https://doi.org/10.1097/TLD.0000000000000221

Mandelli, M. L., Welch, A. E., Vilaplana, E., Watson, C., Battistella, G.,
Brown, J. A., Possin, K. L., Hubbard, H. I., Miller, Z. A., Henry,
M. L., Marx, G. A., Santos-Santos, M. A., Bajorek, L. P., Fortea,
J., Boxer, A., Rabinovici, G., Lee, S., Deleon, J., Rosen, H. J., ... &
Gorno-Tempini, M. L. (2018). Altered topology of the functional
speech production network in non-fluent/agrammatic variant of PPA.
Cortex, 108, 252-264. https://doi.org/10.1016/j.cortex.2018.08.002

Marcotte, K., & Ansaldo, A. 1. (2010). The neural correlates of semantic
feature analysis in chronic aphasia: Discordant patterns according to
the etiology. Seminars in Speech and Language, 31(1), 52-63. https://
doi.org/10.1055/s-0029-1244953

Marshall, C. R., Hardy, C. J. D., Volkmer, A., Russell, L. L., Bond, R.
L., Fletcher, P. D., Clark, C. N., Mummery, C. J., Schott, J. M.,
Rossor, M. N, Fox, N. C., Crutch, S. J., Rohrer, J. D., & Warren,
J. D. (2018). Primary progressive aphasia: A clinical approach.
Journal of Neurology, 265(6), 1474—1490. https://doi.org/10.
1007/s00415-018-8762-6

Mayberry, E. J., Sage, K., Ehsan, S., & Lambon Ralph, M. A. (2011a).
An emergent effect of phonemic cueing following relearning in
semantic dementia. Aphasiology, 25(9), 1069-1077. https://doi.
org/10.1080/02687038.2011.575203

Mayberry, E. J., Sage, K., Ehsan, S., & Lambon Ralph, M. A. (2011b).
Relearning in semantic dementia reflects contributions from both
medial temporal lobe episodic and degraded neocortical seman-
tic systems: Evidence in support of the complementary learning
systems theory. Neuropsychologia, 49(13), 3591-3598. https://
doi.org/10.1016/j.neuropsychologia.2011.09.010

McNeil, M. R., Small, S. L., Masterson, R. J., & Fossett, T. R. D.
(1995). Behavioral and pharmacological treatment of lexical-
semantic deficits in a single patient with primary progressive
aphasia. American Journal of Speech-Language Pathology,
4(4), 76-87. https://doi.org/10.1044/1058-0360.0404.76

Medina, J., & Weintraub, S. (2007). Depression in primary progressive
aphasia. Journal of Geriatric Psychiatry and Neurology, 20(3),
153-160. https://doi.org/10.1177/0891988707303603

Mesulam, M.-M. (1982). Slowly progressive aphasia without general-
ized dementia. Annals of Neurology, 11(6), 592-598. https://doi.
org/10.1002/ana.410110607

Mesulam, M.-M. (2001). Primary progressive aphasia. Annals of Neu-
rology, 49(4), 425-432. https://doi.org/10.1002/ana.91

Mesulam, M. M., Coventry, C., Kuang, A., Bigio, E. H., Mao, Q., Flanagan,
M. E., Gefen, T., Sridhar, J., Geula, C., Zhang, H., Weintraub, S., &
Rogalski, E. J. (2021). Memory resilience in Alzheimer disease with

@ Springer

primary progressive aphasia. Neurology, 96(6), €916—925. https://
doi.org/10.1212/WNL.0000000000011397

Mesulam, M. M., Grossman, M., Hillis, A., Kertesz, A., & Weintraub,
S. (2003). The core and halo of primary progressive aphasia and
semantic dementia. In Annals of Neurology: Vol. 54 Suppl 5 (pp.
S11-S14).

Mesulam, M. M., Rogalski, E. J., Wieneke, C., Hurley, R. S., Geula, C.,
Bigio, E. H., Thompson, C. K., & Weintraub, S. (2014). Primary
progressive aphasia and the evolving neurology of the language
network. Nature Reviews Neurology, 10(10), 554-569. https://
doi.org/10.1038/nrneurol.2014.159

Mesulam, M. M., Wieneke, C., Thompson, C., Rogalski, E., & Weintraub,
S. (2012). Quantitative classification of primary progressive apha-
sia at early and mild impairment stages. Brain, 135(5), 1537-1553.
https://doi.org/10.1093/brain/aws080

Meyer, A. M., Faria, A. V., Tippett, D. C., Hillis, A. E., & Friedman, R.
B. (2017). The relationship between baseline volume in temporal
areas and post-treatment naming accuracy in primary progressive
aphasia. Aphasiology, 31(9), 1059-1077. https://doi.org/10.1080/
02687038.2017.1296557

Meyer, A. M., Getz, H. R., Brennan, D. M., Hu, T. M., & Friedman, R.
B. (2016). Telerehabilitation of anomia in primary progressive
aphasia. Aphasiology, 30(4), 483-507. https://doi.org/10.1080/
02687038.2015.1081142

Meyer, A. M., Snider, S. F., Eckmann, C. B., & Friedman, R. B. (2015).
Prophylactic treatments for anomia in the logopenic variant of pri-
mary progressive aphasia: Cross-language transfer. Aphasiology,
29(9), 1062-1081. https://doi.org/10.1080/02687038.2015.1028327

Meyer, A. M., Tippett, D. C., & Friedman, R. B. (2018). Prophylaxis
and remediation of anomia in the semantic and logopenic vari-
ants of primary progressive aphasia. Neuropsychological Reha-
bilitation, 28(3), 352-368. https://doi.org/10.1080/09602011.
2016.1148619

Meyer, A. M., Tippett, D. C., Turner, R. S., & Friedman, R. B. (2019).
Long-term maintenance of anomia treatment effects in primary
progressive aphasia. Neuropsychological Rehabilitation, 29(9),
1439-1463. https://doi.org/10.1080/09602011.2018.1425146

Moeller, S., Sridhar, J., Martersteck, A., Coventry, C., Kuang, A.,
Zhang, H., Weintraub, S., Mesulam, M. M., & Rogalski, E.
(2021). Functional decline in the aphasic variant of Alzheimer’s
disease. Alzheimer’s & Dementia, 17(10), 1641-1648. https://
doi.org/10.1002/ALZ.12331

Montagut, N., Borrego-Ecija, S., Castellvi, M., Rico, I, Refié, R., Balasa,
M., Llado, A., & Sanchez-Valle, R. (2021). Errorless learning
therapy in semantic variant of primary progressive aphasia.
Journal of Alzheimer’s Disease, 79(1), 415-422. https://doi.org/
10.3233/JAD-200904

Montembeault, M., Brambati, S. M., Gorno-Tempini, M. L., &
Migliaccio, R. (2018). Clinical, anatomical, and pathological
features in the three variants of primary progressive aphasia: A
review. Frontiers in Neurology, 9(AUG). https://doi.org/10.3389/
fneur.2018.00692

Mooney, A., Beale, N., & Fried-Oken, M. (2018). Group communica-
tion treatment for individuals with PPA and their partners. Semi-
nars in Speech and Language, 39(3), 257-269. https://doi.org/
10.1055/5-0038-1660784

Morhardt, D., Weintraub, S., Khayum, B., Robinson, J., Medina, J.,
O’Hara, M., Mesulam, M., & Rogalski, E. J. (2015). The CARE
pathway model for dementia: Psychosocial and rehabilitative
strategies for care in young-onset dementias. The Psychiatric
Clinics of North America, 38(2), 333-352. https://doi.org/10.
1016/J.PSC.2015.01.005

Morhardt, D. J., O’Hara, M. C., Zachrich, K., Wieneke, C., & Rogalski,
E. J. (2019). Development of a psycho-educational support pro-
gram for individuals with primary progressive aphasia and their


https://doi.org/10.1590/S1980-57642014DN83000014
https://doi.org/10.1590/S1980-57642014DN83000014
https://doi.org/10.1080/13554794.2014.917683
https://doi.org/10.3233/JAD-160536
https://doi.org/10.1097/TLD.0000000000000221
https://doi.org/10.1016/j.cortex.2018.08.002
https://doi.org/10.1055/s-0029-1244953
https://doi.org/10.1055/s-0029-1244953
https://doi.org/10.1007/s00415-018-8762-6
https://doi.org/10.1007/s00415-018-8762-6
https://doi.org/10.1080/02687038.2011.575203
https://doi.org/10.1080/02687038.2011.575203
https://doi.org/10.1016/j.neuropsychologia.2011.09.010
https://doi.org/10.1016/j.neuropsychologia.2011.09.010
https://doi.org/10.1044/1058-0360.0404.76
https://doi.org/10.1177/0891988707303603
https://doi.org/10.1002/ana.410110607
https://doi.org/10.1002/ana.410110607
https://doi.org/10.1002/ana.91
https://doi.org/10.1212/WNL.0000000000011397
https://doi.org/10.1212/WNL.0000000000011397
https://doi.org/10.1038/nrneurol.2014.159
https://doi.org/10.1038/nrneurol.2014.159
https://doi.org/10.1093/brain/aws080
https://doi.org/10.1080/02687038.2017.1296557
https://doi.org/10.1080/02687038.2017.1296557
https://doi.org/10.1080/02687038.2015.1081142
https://doi.org/10.1080/02687038.2015.1081142
https://doi.org/10.1080/02687038.2015.1028327
https://doi.org/10.1080/09602011.2016.1148619
https://doi.org/10.1080/09602011.2016.1148619
https://doi.org/10.1080/09602011.2018.1425146
https://doi.org/10.1002/ALZ.12331
https://doi.org/10.1002/ALZ.12331
https://doi.org/10.3233/JAD-200904
https://doi.org/10.3233/JAD-200904
https://doi.org/10.3389/fneur.2018.00692
https://doi.org/10.3389/fneur.2018.00692
https://doi.org/10.1055/s-0038-1660784
https://doi.org/10.1055/s-0038-1660784
https://doi.org/10.1016/J.PSC.2015.01.005
https://doi.org/10.1016/J.PSC.2015.01.005

Neuropsychology Review

care-partners. Dementia, 18(4), 1310-1327. https://doi.org/10.
1177/1471301217699675

Munasinghe, T. U., Dinethra, A., Ariyasena, K., & Deepani Siriwardhana,
D. (2023). Speech Therapy Interventions for Acquired Apraxia of
Speech: An Updated Systematic Review. https://doi.org/10.1044/
2022_AJSLP-21-00236

Murray, E., Power, E., Togher, L., McCabe, P., Munro, N., & Smith, K.
(2013). The reliability of methodological ratings for speechBITE
using the PEDro-P scale. International Journal of Language &
Communication Disorders, 48(3), 297-306. https://doi.org/10.
1111/1460-6984.12007

Murray, L. L. (1998). Longitudinal treatment of primary progressive
aphasia: A case study. Aphasiology, 12(7-8), 651-672. https://
doi.org/10.1080/02687039808249564

Newhart, M., Davis, C., Kannan, V., Heidler-Gary, J., Cloutman, L., &
Hillis, A. E. (2009). Therapy for naming deficits in two variants
of primary progressive aphasia. Aphasiology, 23(7-8), 823-834.
https://doi.org/10.1080/02687030802661762

Nickels, L. (2002). Therapy for naming disorders: Revisiting, revising,
and reviewing. Aphasiology, 10-11,935-979. https://doi.org/10.
1080/02687030244000563

Nissim, N. R., Moberg, P. J., & Hamilton, R. H. (2020). Efficacy of
noninvasive brain stimulation (tDCS or TMS) paired with lan-
guage therapy in the treatment of primary progressive aphasia:
An exploratory meta-analysis. Brain Sciences, 10(9), 597. https://
doi.org/10.3390/BRAINSCI10090597

O’Connor, C. M., Ahmed, S., & Mioshi, E. (2014). Functional disabil-
ity in primary progressive aphasia. 28(8-9), 1131-1149. https://
doi.org/10.1080/02687038.2014.910588

Oren, S., Willerton, C., & Small, J. (2014). Effects of spaced retrieval
training on semantic memory in Alzheimer’s disease: A systematic
review. Journal of Speech, Language, and Hearing Research, 57(1),
247-270. https://doi.org/10.1044/1092-4388(2013/12-0352)

Organization, W. H. (2001). International classification of functioning,
disability and health: ICF. https://www.who.int/classifications/
ict/en/

Paek, E. J., Murray, L. L., & Newman, S. D. (2021). Effects of con-
current action and object naming treatment on naming skills
and functional brain activation patterns in primary progressive
aphasia: An fMRI study with a case-series design. Brain and
Language, 218(November 2020), 104950. https://doi.org/10.
1016/j.band1.2021.104950

Pattee, C., Von Berg, S., & Ghezzi, P. (2006). Effects of alternative
communication on the communicative effectiveness of an indi-
vidual with a progressive language disorder. International Jour-
nal of Rehabilitation Research, 29(2), 151-153. https://doi.org/
10.1097/01.mrr.0000210046.02044.4d

Pozzebon, M., Douglas, J., & Ames, D. (2016). “It was a terrible, ter-
rible journey”: An instrumental case study of a spouse’s experi-
ence of living with a partner diagnosed with semantic variant
primary progressive aphasia. 31(4), 375-387. https://doi.org/10.
1080/02687038.2016.1230840

Rapp, B., & Glucroft, B. (2009). The benefits and protective effects
of behavioural treatment for dysgraphia in a case of primary
progressive aphasia. Aphasiology, 23(2), 236-265. https://doi.
org/10.1080/02687030801943054

Rebstock, A. M., & Wallace, S. E. (2020). Effects of a combined seman-
tic feature analysis and multimodal treatment for primary progres-
sive aphasia: Pilot study. Communication Disorders Quarterly,
41(2), 71-85. https://doi.org/10.1177/1525740118794399

Reilly, J. (2016). How to constrain and maintain a lexicon for the
treatment of progressive semantic naming deficits: Principles
of item selection for formal semantic therapy. Neuropsycholog-
ical Rehabilitation, 26(1), 126-156. https://doi.org/10.1080/
09602011.2014.1003947

Reinhard, S. C., Given, B., Petlick, N. H., & Bemis, A. (2008). Sup-
porting family caregivers in providing care. Patient Safety and
Quality: An Evidence-Based Handbook for Nurses. https://www.
ncbi.nlm.nih.gov/books/NBK2665/

Riedl, L., Last, D., Danek, A., & Diehl-Schmid, J. (2014). Long-term
follow-up in primary progressive aphasia: Clinical course and
health care utilisation. Aphasiology, 28(8-9), 981-992. https://
doi.org/10.1080/02687038.2014.904497

Roberts, A. C., Caslpo, R., Rademaker, A. W., Salley, E. A., Mooney,
M. A. A, Darby, C.-S., Fried-Oken, M., Weintraub, S., Mesulam,
M., & Rogalski, E. (2022). Communication Bridge™.-2 (CB2):
A NIH Stage 2 randomized control trial of a speech-language
intervention for communication impairments in individuals with
mild to moderate primary progressive aphasia. Trials, 23(487).
https://www.researchsquare.com/article/rs-759360/v1.pdf

Robinson, S., Druks, J., Hodges, J., & Garrard, P. (2009). The treat-
ment of object naming, definition, and object use in semantic
dementia: The effectiveness of errorless learning. Aphasiology,
23(6), 749-775. https://doi.org/10.1080/02687030802235195

Rogalski, E., & Khayum, B. (2018). A life participation approach to
primary progressive aphasia intervention. Seminars in Speech
and Language, 39(03), 284-296. https://doi.org/10.1055/5-0038-
1660786

Rogalski, E. J., Saxon, M., McKenna, H., Wieneke, C., Rademaker,
A., Corden, M. E., Borio, K., Mesulam, M. M., & Khayum,
B. (2016). Communication Bridge: A pilot feasibility study of
Internet-based speech-language therapy for individuals with
progressive aphasia. Alzheimer’s and Dementia: Translational
Research and Clinical Interventions, 2(4), 213-221. https://doi.
org/10.1016/j.trci.2016.08.005

Rogalski, Y., & Edmonds, L. (2008). Attentive reading and constrained
summarisation (ARCS) treatment in primary progressive apha-
sia: A case study. Aphasiology, 22(7-8), 763-775. https://doi.
org/10.1080/02687030701803796

Rogers, M. A., King, J. M., & Alarcon, N. B. (2000). Proactive
management of primary progressive aphasia. In J. R. D. R.
Beukelman & K. M. Yorkston (Eds.), Augmentative and alternative
communication for adults with acquired neurologic disorders (pp.
305-337). Brookes.

Roheger, M., Riemann, S., Grittner, U., Floel, A., & Meinzer, M.
(2021). Non-pharmacological interventions for improving lan-
guage and communication in people with primary progressive
aphasia: A network meta-analysis. Cochrane Database of Sys-
tematic Reviews, 2021(12). https://doi.org/10.1002/14651858.
CDO015067/INFORMATION/EN

Rohrer, J. D., Ridgway, G. R., Crutch, S. J., Hailstone, J., Goll, J. C.,
Clarkson, M. J., Mead, S., Beck, J., Mummery, C., & Ourselin,
S. (2010a). Progressive logopenic/phonological aphasia: Erosion
of the language network. Neurolmage, 49(1), 984-993.

Rohrer, J. D., Rossor, M. N., & Warren, J. D. (2010b). Syndromes
of nonfluent primary progressive aphasia. Neurology, 75(7),
603-610. https://doi.org/10.1212/WNL.0OBO13E3181ED9C6B

Rohrer, J. D., Rossor, M. N., & Warren, J. D. (2012). Alzheimer’s
pathology in primary progressive aphasia. Neurobiology of
Aging, 33(4), 744-752. https://doi.org/10.1016/j.neurobiolaging.
2010.05.020

Rosen, H. J., Kramer, J. H., Gorno-Tempini, M. L., Schuff, N., Weiner,
M., & Miller, B. L. (2002). Patterns of cerebral atrophy in pri-
mary progressive aphasia. The American Journal of Geriatric
Psychiatry : Official Journal of the American Association for
Geriatric Psychiatry, 10(1), 89-97.

Roncero, C., Kniefel, H., Service, E., Thiel, A., Probst, S., & Chertkow,
H. (2017). Inferior parietal transcranial direct current stimula-
tion with training improves cognition in anomic Alzheimer’s dis-
ease and frontotemporal dementia. Alzheimer’s and Dementia:

@ Springer


https://doi.org/10.1177/1471301217699675
https://doi.org/10.1177/1471301217699675
https://doi.org/10.1044/2022_AJSLP-21-00236
https://doi.org/10.1044/2022_AJSLP-21-00236
https://doi.org/10.1111/1460-6984.12007
https://doi.org/10.1111/1460-6984.12007
https://doi.org/10.1080/02687039808249564
https://doi.org/10.1080/02687039808249564
https://doi.org/10.1080/02687030802661762
https://doi.org/10.1080/02687030244000563
https://doi.org/10.1080/02687030244000563
https://doi.org/10.3390/BRAINSCI10090597
https://doi.org/10.3390/BRAINSCI10090597
https://doi.org/10.1080/02687038.2014.910588
https://doi.org/10.1080/02687038.2014.910588
https://doi.org/10.1044/1092-4388(2013/12-0352)
https://www.who.int/classifications/icf/en/
https://www.who.int/classifications/icf/en/
https://doi.org/10.1016/j.bandl.2021.104950
https://doi.org/10.1016/j.bandl.2021.104950
https://doi.org/10.1097/01.mrr.0000210046.02044.4d
https://doi.org/10.1097/01.mrr.0000210046.02044.4d
https://doi.org/10.1080/02687038.2016.1230840
https://doi.org/10.1080/02687038.2016.1230840
https://doi.org/10.1080/02687030801943054
https://doi.org/10.1080/02687030801943054
https://doi.org/10.1177/1525740118794399
https://doi.org/10.1080/09602011.2014.1003947
https://doi.org/10.1080/09602011.2014.1003947
https://www.ncbi.nlm.nih.gov/books/NBK2665/
https://www.ncbi.nlm.nih.gov/books/NBK2665/
https://doi.org/10.1080/02687038.2014.904497
https://doi.org/10.1080/02687038.2014.904497
https://www.researchsquare.com/article/rs-759360/v1.pdf
https://doi.org/10.1080/02687030802235195
https://doi.org/10.1055/s-0038-1660786
https://doi.org/10.1055/s-0038-1660786
https://doi.org/10.1016/j.trci.2016.08.005
https://doi.org/10.1016/j.trci.2016.08.005
https://doi.org/10.1080/02687030701803796
https://doi.org/10.1080/02687030701803796
https://doi.org/10.1002/14651858.CD015067/INFORMATION/EN
https://doi.org/10.1002/14651858.CD015067/INFORMATION/EN
https://doi.org/10.1212/WNL.0B013E3181ED9C6B
https://doi.org/10.1016/j.neurobiolaging.2010.05.020
https://doi.org/10.1016/j.neurobiolaging.2010.05.020

Neuropsychology Review

Translational Research and Clinical Interventions, 3(2), 247—
253. https://doi.org/10.1016/j.trci.2017.03.003

Roncero, C., Service, E., De Caro, M., Popov, A., Thiel, A., Probst,
S., & Chertkow, H. (2019). Maximizing the treatment benefit of
tDCS in neurodegenerative anomia. Frontiers in Neuroscience,
13(November). https://doi.org/10.3389/fnins.2019.01231

Routhier, S., Macoir, J., Imbeault, H., Jacques, S., Pigot, H., Giroux,
S., Cau, A., & Bier, N. (2014). From smartphone to external
semantic memory device: The use of new technologies to com-
pensate for semantic deficits. Non-Pharmacological Therapies
in Different Types of Dementia and Mild Cognitive Impairment:
A Wide Perspective from Theory to Practice, January, 93—-111.

Ruggero, L., Nickels, L., & Croot, K. (2019). Quality of life in primary pro-
gressive aphasia: What do we know and what can we do next? 33(5),
498-519. https://doi.org/10.1080/02687038.2019.1568135

Sajjadi, S. A., Patterson, K., Arnold, R. J., Watson, P. C., & Nestor, P.
J. (2012). Primary progressive aphasia: A tale of two syndromes
and the rest. Neurology, 78(21), 1670-1677. https://doi.org/10.
1212/WNL.0b013e3182574£79

Sapolsky, D., Domoto-Reilly, K., Negreira, A., Brickhouse, M.,
McGinnis, S., & Dickerson, B. C. (2011). Monitoring progres-
sion of primary progressive aphasia: Current approaches and
future directions. Neurodegenerative Disease Management, 1(1),
43-55. https://doi.org/10.2217/nmt.11.2

Savage, S. A., Ballard, K. J., Piguet, O., & Hodges, J. R. (2013). Bring-
ing words back to mind - Improving word production in semantic
dementia. Cortex, 49(7), 1823-1832. https://doi.org/10.1016/j.
cortex.2012.09.014

Savage, S. A., Piguet, O., & Hodges, J. R. (2014). Giving words new
life: Generalization of word retraining outcomes in semantic
dementia. Journal of Alzheimer’s Disease, 40(2), 309-317.
https://doi.org/10.3233/JAD-131826

Savage, S. A., Piguet, O., & Hodges, J. R. (2015). Cognitive interven-
tion in semantic dementia maintaining words over time. Alzhei-
mer Disease and Associated Disorders, 29(1), 55-62. https://doi.
org/10.1097/WAD.0000000000000053

Schaffer, K. M., & Henry, M. L. (2021). Counseling and care part-
ner training in primary progressive aphasia. Perspectives of the
ASHA Special Interest Groups, 6(5), 1015-1025. https://doi.org/
10.1044/2021_PERSP-20-00296

Schaffer, K. M., Wauters, L., Berstis, K., Grasso, S. M., & Henry, M.
L. (2020). Modified script training for nonfluent/agrammatic pri-
mary progressive aphasia with significant hearing loss: A single-
case experimental design. Neuropsychological Rehabilitation,
1-30. https://doi.org/10.1080/09602011.2020.1822188

Schneider, S. L., Thompson, C. K., & Luring, B. (1996). Effects of
verbal plus gestural matrix training on sentence production in a
patient with primary progressive aphasia. Aphasiology, 10(3),
297-317. https://doi.org/10.1080/026870396082484 14

Schumacher, K. L., Stewart, B. J., Archbold, P. G., Dodd, M. J., &
Dibble, S. L. (2000). Family caregiving skill: Development of
the concept. Research in Nursing & Health, 23, 191-203. https://
doi.org/10.1002/1098-240X

Sebastian, R., Thompson, C. B., Wang, N. Y., Wright, A., Meyer, A.,
Friedman, R. B., Hillis, A. E., & Tippett, D. C. (2018). Patterns
of decline in naming and semantic knowledge in primary pro-
gressive aphasia. Aphasiology, 32(9), 1010-1030. https://doi.org/
10.1080/02687038.2018.1490388

Senaha, M. L. H., Brucki, S. M. D., & Nitrini, R. (2010). Reabilitacido
na deméncia semantica: Estudo da eficacia da reaquisi¢ao lexical
em tré€s pacientes. Dementia e Neuropsychologia, 4(4), 306-312.
https://doi.org/10.1590/S1980-57642010DN40400009

Shadish, W. R., Rindskopf, D. M., & Boyajian, J. G. (2016). Single-
case experimental design yielded an effect estimate corre-
sponding to a randomized controlled trial. Journal of Clinical

@ Springer

Epidemiology, 76, 82—88. https://doi.org/10.1016/J JCLINEPI.
2016.01.035

Shrubsole, K., Worrall, L., Power, E., & O’Connor, D. A. (2016).
Recommendations for post-stroke aphasia rehabilitation: An
updated systematic review and evaluation of clinical practice
guidelines. 37(1), 1-24. https://doi.org/10.1080/02687038.2016.
1143083

Sonty, S. P., Mesulam, M. M., Thompson, C. K., Johnson, N. A.,
Weintraub, S., Parrish, T. B., & Gitelman, D. R. (2003). Primary
progressive aphasia: PPA and the language network. Annals of
Neurology, 53(1), 35-49.

Snowden, J. S., & Neary, D. (2002). Relearning of verbal labels in
semantic dementia. Neuropsychologia, 40(10), 1715-1728.
https://doi.org/10.1016/S0028-3932(02)00031-3

Snowden, J. S., Kindell, J., Thompson, J. C., Richardson, A. M. T.,
& Neary, D. (2012). Progressive aphasia presenting with deep
dyslexia and dysgraphia. Cortex, 48(9), 1234—1239. https://doi.
org/10.1016/j.cortex.2012.02.010

Spinelli, E. G., Mandelli, M. L., Miller, Z. A., Santos-Santos, M. A.,
Wilson, S. M., Agosta, F., Grinberg, L. T., Huang, E. J., Trojanowski,
J. Q., Meyer, M., Henry, M. L., Comi, G., Rabinovici, G., Rosen, H.
J., Filippi, M., Miller, B. L., Seeley, W. W., & Gorno-Tempini, M.
L. (2017). Typical and atypical pathology in primary progressive
aphasia variants. Annals of Neurology, 81(3), 430-443. https://doi.
org/10.1002/ana.24885

Suarez-Gonzalez, A., Heredia, C. G., Savage, S. A., Gil-Néciga, E.,
Garcia-Casares, N., Franco-Macias, E., Berthier, M. L., & Caine,
D. (2015). Restoration of conceptual knowledge in a case of
semantic dementia. Neurocase, 21(3), 309-321. https://doi.org/
10.1080/13554794.2014.892624

Suarez-Gonzalez, A., Savage, S. A., & Caine, D. (2018). Successful
short-term re-learning and generalisation of concepts in semantic
dementia. Neuropsychological Rehabilitation, 28(7), 1095-1109.
https://doi.org/10.1080/09602011.2016.1234399

Tate, R. L., Mcdonald, S., Perdices, M., Togher, L., Schultz, R., & Savage,
S. (2008). Rating the methodological quality of single-subject designs
and n -of-1 trials: Introducing the Single-Case Experimental Design
(SCED) Scale. Neuropsychological Rehabilitation, 18(4), 385-401.
https://doi.org/10.1080/09602010802009201

Tate, R. L., Perdices, M., Rosenkoetter, U., Wakim, D., Godbee, K.,
Togher, L., & McDonald, S. (2013). Revision of a method quality
rating scale for single-case experimental designs and n -of-1 tri-
als: The 15-item Risk of Bias in N -of-1 Trials (RoBiNT) Scale.
Neuropsychological Rehabilitation, 23(5), 619-638. https://doi.
org/10.1080/09602011.2013.824383

Taylor, C., Kingma, R. M., Croot, K., & Nickels, L. (2009). Speech
pathology services for primary progressive aphasia: Exploring an
emerging area of practice. Aphasiology, 23(2), 161-174. https://
doi.org/10.1080/02687030801943039

Taylor-Rubin, C., Azizi, L., Croot, K., & Nickels, L. (2019). Primary
progressive aphasia education and support groups: A clinical
evaluation. American Journal of Alzheimer’s Disease and Other
Dementias, 35. https://doi.org/10.1177/1533317519895638

Taylor-Rubin, C., Nickels, L., & Croot, K. (2021). Exploring the effects
of verb and noun treatment on verb phrase production in primary
progressive aphasia: A series of single case experimental design
studies. Neuropsychological Rehabilitation, 1-43. https://doi.org/
10.1080/09602011.2021.1879174

Tee, B. L., & Gorno-Tempini, M. L. (2019). Primary progressive
aphasia: A model for neurodegenerative disease. Current Opin-
ion in Neurology, 32(2), 255-265. https://doi.org/10.1097/
WCO0.0000000000000673

Teichmann, M., Kas, A., Boutet, C., Ferrieux, S., Nogues, M., Samri,
D., Rogan, C., Dormont, D., Dubois, B., & Migliaccio, R. (2013).
Deciphering logopenic primary progressive aphasia: A clinical,


https://doi.org/10.1016/j.trci.2017.03.003
https://doi.org/10.3389/fnins.2019.01231
https://doi.org/10.1080/02687038.2019.1568135
https://doi.org/10.1212/WNL.0b013e3182574f79
https://doi.org/10.1212/WNL.0b013e3182574f79
https://doi.org/10.2217/nmt.11.2
https://doi.org/10.1016/j.cortex.2012.09.014
https://doi.org/10.1016/j.cortex.2012.09.014
https://doi.org/10.3233/JAD-131826
https://doi.org/10.1097/WAD.0000000000000053
https://doi.org/10.1097/WAD.0000000000000053
https://doi.org/10.1044/2021_PERSP-20-00296
https://doi.org/10.1044/2021_PERSP-20-00296
https://doi.org/10.1080/09602011.2020.1822188
https://doi.org/10.1080/02687039608248414
https://doi.org/10.1002/1098-240X
https://doi.org/10.1002/1098-240X
https://doi.org/10.1080/02687038.2018.1490388
https://doi.org/10.1080/02687038.2018.1490388
https://doi.org/10.1590/S1980-57642010DN40400009
https://doi.org/10.1016/J.JCLINEPI.2016.01.035
https://doi.org/10.1016/J.JCLINEPI.2016.01.035
https://doi.org/10.1080/02687038.2016.1143083
https://doi.org/10.1080/02687038.2016.1143083
https://doi.org/10.1016/S0028-3932(02)00031-3
https://doi.org/10.1016/j.cortex.2012.02.010
https://doi.org/10.1016/j.cortex.2012.02.010
https://doi.org/10.1002/ana.24885
https://doi.org/10.1002/ana.24885
https://doi.org/10.1080/13554794.2014.892624
https://doi.org/10.1080/13554794.2014.892624
https://doi.org/10.1080/09602011.2016.1234399
https://doi.org/10.1080/09602010802009201
https://doi.org/10.1080/09602011.2013.824383
https://doi.org/10.1080/09602011.2013.824383
https://doi.org/10.1080/02687030801943039
https://doi.org/10.1080/02687030801943039
https://doi.org/10.1177/1533317519895638
https://doi.org/10.1080/09602011.2021.1879174
https://doi.org/10.1080/09602011.2021.1879174
https://doi.org/10.1097/WCO.0000000000000673
https://doi.org/10.1097/WCO.0000000000000673

Neuropsychology Review

imaging and biomarker investigation. Brain, 136(11), 3474—
3488. https://doi.org/10.1093/brain/awt266

Themistocleous, C., Webster, K., & Tsapkini, K. (2021). Effects of tdcs
on sound duration in patients with apraxia of speech in primary
progressive aphasia. Brain Sciences, 11(3), 1-18. https://doi.org/
10.3390/brainscil 1030335

Thompson, C. K., Barbieri, E., Mack, J. E., Wilkins, A., & Xie, K.
Y. (2021). Plasticity of sentence processing networks: evidence
from a patient with agrammatic variant of primary progressive
aphasia (PPA). Neurocase, 27(1), 39-56. https://doi.org/10.1080/
13554794.2020.1862241

Thompson, C. K., & Shapiro, L. P. (1994). A linguistic-specific
approach to treatment of sentence production deficits in aphasia.
Clinical Aphasiology, 22, 307-323.

Trinh, N. H., Hoblyn, J., Mohanty, S., & Yaffe, K. (2003). Efficacy
of cholinesterase inhibitors in the treatment of neuropsychiatric
symptoms and functional impairment in Alzheimer disease: A
meta-analysis. Journal of the American Medical Association,
289(2), 210-216. https://doi.org/10.1001/jama.289.2.210

Tsai, R. M., & Boxer, A. L. (2016). Therapy and clinical trials in fron-
totemporal dementia: Past, present, and future. Journal of Neu-
rochemistry, 138, 211-221. https://doi.org/10.1111/INC.13640

Tsapkini, K., Frangakis, C., Gomez, Y., Davis, C., & Hillis, A. E.
(2014). Augmentation of spelling therapy with transcranial direct
current stimulation in primary progressive aphasia: Preliminary
results and challenges. Aphasiology, 28(8-9), 1112—1130. https://
doi.org/10.1080/02687038.2014.930410

Tsapkini, K., & Hillis, A. E. (2013). Spelling intervention in post-stroke
aphasia and primary progressive aphasia. Behavioural Neurol-
0gy, 26(1-2), 55-66. https://doi.org/10.3233/BEN-2012-110240

Tsapkini, K., Webster, K. T., Ficek, B. N., Desmond, J. E., Onyike, C.
U., Rapp, B., Frangakis, C. E., & Hillis, A. E. (2018). Electri-
cal brain stimulation in different variants of primary progressive
aphasia: A randomized clinical trial. Alzheimer’s and Dementia:
Translational Research and Clinical Interventions, 4, 461-472.
https://doi.org/10.1016/j.trci.2018.08.002

Utianski, R. L., Botha, H., Martin, P. R., Schwarz, C. G., Duffy, J.
R., Clark, H. M., Machulda, M. M., Butts, A. M., Lowe, V. J.,
Jack, C. R., Senjem, M. L., Spychalla, A.J., Whitwell, J. L., &
Josephs, K. A. (2019). Clinical and neuroimaging characteristics
of clinically unclassifiable primary progressive aphasia. Brain
and Language, 197. https://doi.org/10.1016/j.bandl.2019.104676

Villanelli, F., Russo, A., Nemni, R., & Farina, E. (2014). Effectiveness
(or not?) of cognitive rehabilitation in a person with semantic
dementia. Non-Pharmacological Therapies in Different Types of

Dementia and Mild Cognitive Impairment: A Wide Perspective
from Theory to Practice, January, 113-119.

Vitali, P. (2022). Primary progressive aphasia, in: World Alzheimer
Report 2022 Life after diagnosis: Navigating treatment, care and
support.

Volkmer, A., Spector, A., Meitanis, V., Warren, J. D., & Beeke, S.
(2020a). Effects of functional communication interventions for
people with primary progressive aphasia and their caregivers: A
systematic review. Aging & Mental Health, 24(9), 1381-1393.
https://doi.org/10.1080/13607863.2019.1617246

Volkmer, A., Spector, A., Warren, J. D., & Beeke, S. (2020b).
Speech and language therapy for primary progressive apha-
sia: Referral patterns and barriers to service provision across
the UK. Dementia, 19(5), 1349-1363. https://doi.org/10.1177/
1471301218797240

Wambaugh, J. L., Dufty, J. R., McNeil, M. R., Robin, D. A., & Rogers,
M. A. (2006). Treatment guidelines for acquired apraxia of speech:
A synthesis and evaluation of the evidence. Journal of Medical
Speech-Language Pathology, 14(2), xv—xxxiii.

Weintraub, S., Today, D. M.-A. C., & 2005, undefined. (n.d.). Treat-
ment, education, and resources for non-Alzheimer dementia:
One size does not fit all. Journals.Lww.Com. Retrieved March
1, 2022, from https://journals.lww.com/actjournalonline/Fulltext/
2005/07000/Treatment,_Education,_and_Resources_for.6.aspx

Whitworth, A., Cartwright, J., Beales, A., Leitao, S., Panegyres, P. K.,
& Kane, R. (2018). Taking words to a new level: A preliminary
investigation of discourse intervention in primary progressive
aphasia. In Aphasiology (Vol. 32, Issue 11, pp. 1284-1309).
Routledge. https://doi.org/10.1080/02687038.2017.1390543

Wicklund, A. H., Johnson, N., Rademaker, A., Weitner, B. B., & Weintraub,
S. (2007). Profiles of decline in activities of daily living in non-
Alzheimer dementia. Alzheimer Disease and Associated Disorders,
21(1), 8-13. https://doi.org/10.1097/WAD.0BO13E3180324549

Wong, S. B., Anand, R., Chapman, S. B., Rackley, A., & Zientz, J.
(2009). When nouns and verbs degrade: Facilitating communica-
tion in semantic dementia. Aphasiology, 23(2), 286-301. https://
doi.org/10.1080/02687030801943112

Zhao, Y., Ficek, B., Webster, K., Frangakis, C., Caffo, B., Hillis, A. E.,
Faria, A., & Tsapkini, K. (2021). White matter integrity predicts
electrical stimulation (tDCS) and language therapy effects in pri-
mary progressive aphasia. Neurorehabilitation and Neural Repair,
35(1), 44-57. https://doi.org/10.1177/1545968320971741

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1093/brain/awt266
https://doi.org/10.3390/brainsci11030335
https://doi.org/10.3390/brainsci11030335
https://doi.org/10.1080/13554794.2020.1862241
https://doi.org/10.1080/13554794.2020.1862241
https://doi.org/10.1001/jama.289.2.210
https://doi.org/10.1111/JNC.13640
https://doi.org/10.1080/02687038.2014.930410
https://doi.org/10.1080/02687038.2014.930410
https://doi.org/10.3233/BEN-2012-110240
https://doi.org/10.1016/j.trci.2018.08.002
https://doi.org/10.1016/j.bandl.2019.104676
https://doi.org/10.1080/13607863.2019.1617246
https://doi.org/10.1177/1471301218797240
https://doi.org/10.1177/1471301218797240
https://journals.lww.com/actjournalonline/Fulltext/2005/07000/Treatment,_Education,_and_Resources_for.6.aspx
https://journals.lww.com/actjournalonline/Fulltext/2005/07000/Treatment,_Education,_and_Resources_for.6.aspx
https://doi.org/10.1080/02687038.2017.1390543
https://doi.org/10.1097/WAD.0B013E3180324549
https://doi.org/10.1080/02687030801943112
https://doi.org/10.1080/02687030801943112
https://doi.org/10.1177/1545968320971741

Neuropsychology Review

Authors and Affiliations

Lisa D. Wauters'® . Karen Croot?® - Heather R. Dial*© . Joseph R. Duffy*® . Stephanie M. Grasso' ® - Esther Kim®
Kristin Schaffer Mendez®® - Kirrie J. Ballard’® - Heather M. Clark*® - Leeah Kohley'® - Laura L. Murray?®

Emily J. Rogalski®'°® . Mathieu Figeys''® - Lisa Milman'? . Maya L. Henry ™3
P4 Maya L. Henry 8 School of Communication Sciences and Disorders, Western
maya.henry @austin.utexas.edu University, London, ON N6A 3K7, Canada

Department of Psychiatry and Behavioral Sciences,
Northwestern University, Feinberg School of Medicine,
60611 Chicago, IL, USA

Department of Speech, Language, and Hearing Sciences,
University of Texas at Austin, 2504A Whitis Ave. (A1100),
78712 Austin, TX, USA

Mesulam Center for Cognitive Neurology and Alzheimer’s
Disease, Northwestern University, Feinberg School

of Medicine, 60611 Chicago, IL, USA

School of Psychology, University of Sydney, 2006 Sydney,
NSW, Australia

Department of Communication Sciences and Disorders, 1

University of Houston, Houston, TX 77204, USA Faculty of Rehabilitation Medicine, University of Alberta,

Edmonton, AB T6G 2R3, Canada
Department of Neurology, Division of Speech Pathology, 12

Mayo Clinic, Rochester, MN 55902, USA Department of Communicative Disorders and Deaf

Education, Utah State University, Logan, UT 84322, USA
US Department of Communication Sciences and Disorders, 13
Faculty of Rehabilitation Medicine, University of Alberta,

T6G 2R3 Edmonton, AB, Canada

6 The University of St. Augustine, Austin, TX 78712, USA

7 Faculty of Medicine & Health and Brain & Mind Centre,
University of Sydney, Sydney, NSW 2006, Australia

Department of Neurology, Dell Medical School, University
of Texas at Austin, 78712 Austin, TX, USA

@ Springer


http://orcid.org/0000-0001-8191-9366
http://orcid.org/0000-0001-9459-2913
http://orcid.org/0000-0003-3487-9183
http://orcid.org/0000-0001-8206-3432
http://orcid.org/0000-0001-5287-3012
http://orcid.org/0000-0003-3748-7310
http://orcid.org/0000-0002-7342-9225
http://orcid.org/0000-0002-9917-5390
http://orcid.org/0000-0001-9697-0084
http://orcid.org/0000-0003-3606-7146
http://orcid.org/0000-0002-7773-1843
http://orcid.org/0000-0002-6472-1363
http://orcid.org/0000-0002-7101-689X
http://orcid.org/0000-0002-8745-6451

	Behavioral Treatment for Speech and Language in Primary Progressive Aphasia and Primary Progressive Apraxia of Speech: A Systematic Review
	Abstract
	Introduction
	Current Diagnostic Framework for PPA and PPAOS
	Impacts of PPA and PPAOS on the Individual, Their Close Others, and Community
	Interventions for PPA and PPAOS
	Rationale for Systematic Review
	Objectives

	Methods
	Eligibility Criteria
	Information Sources
	Search Strategy
	Study Selection
	Data Collection
	Data Items
	Participant Characteristics and Diagnostic Information
	Treatment Characteristics
	Effects of Treatment

	Critical Appraisal
	Study Types and Levels of Evidence for Treatment Efficacy
	Appraisal Point System
	Single-Case Experimental Design Scale
	Physiotherapy Evidence Database—PsycBITE Scale
	Additional Characteristics

	Summary Measures
	Synthesis of Results

	Results
	Study Selection
	Study Characteristics
	Participant Characteristics
	Treatment Targets

	Study Designs and Levels of Evidence for Treatment Efficacy
	Study Reporting Quality and Risk of Bias within Individual Studies
	Results from the Higher-Quality Studies
	Study Designs
	Participants
	Treatment targets and techniques
	Treatment Delivery
	Outcome Measures
	Treatment Outcomes


	Discussion
	Summary of Evidence
	Treatments Supported by This Review
	Treatment for PPAOS
	Generalization, Maintenance, and Social Validity Outcomes
	Study Design Considerations
	Limitations of the Review
	Critical Appraisal Tools
	Characterization of Treatment Outcomes
	Scope of Interventions Reviewed
	Restriction to Studies Published in English

	Implications for Behavioral Treatment for PPA and PPAOS in Clinical Practice

	Conclusions
	Anchor 54
	Acknowledgements 
	References


