Pagnoni et al. Translational Neurodegeneration (2021) 10:24 .
https://doi.org/10.1186/s40035-021-00248-z Tra nSIatI O]‘]al
Neurodegeneration

REVIEW Open Access

Check for
updates

Language training for oral and written
naming impairment in primary progressive
aphasia: a review

llaria Pagnoni'", Elena Gobbi'", Enrico Premi?, Barbara Borroni?, Giuliano Binetti*, Maria Cotelli' @ and
Rosa Manenti'

Abstract

Background: Primary progressive aphasia (PPA) is a neurodegenerative disorder characterized by a gradual,
insidious and progressive loss of language abilities, with naming difficulties being an early and persistent
impairment common to all three variants. In the absence of effective pharmacological treatments and given the
progressive nature of the disorder, in the past few decades, many studies have investigated the effectiveness of
language training to minimize the functional impact of word-finding difficulties in daily life.

Main body: We review language treatments most commonly used in clinical practice among patients with
different variants of PPA, with a focus on the enhancement of spoken and written naming abilities. Generalization
of gains to the ability to name untrained stimuli or to other language abilities and the maintenance of these results
over time are also discussed. Forty-eight studies were included in this literature review, identifying four main types
of language treatment: a) lexical retrieval treatment, b) phonological and/or orthographic treatment, ¢) semantic
treatment, and d) a multimodality approach treatment. Overall, language training is able to induce immediate
improvements of naming abilities in all variants of PPA. Moreover, despite the large variability among results,
generalization and long-term effects can be recorded after the training. The reviewed studies also suggest that one
factor that determines the choice of a particular approach is the compromised components of the lexical/semantic
processing system.

Conclusion: The majority of studies have demonstrated improvements of naming abilities following language treatments.
Given the progressive nature of PPA, it is essential to apply language treatment in the early stages of the disease.

Keywords: Agrammatic variant of primary progressive aphasia, Semantic variant of primary progressive aphasia, Logopenic/
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Introduction

Originally described as a nosological entity, primary pro-
gressive aphasia (PPA) is now considered a neurological
syndrome characterized by a variety of clinical symp-
toms with different degrees of severity, including speech
and language impairment due to the degeneration of
language networks [1, 2]. The loss of language abilities is
gradual and insidious, and speech becomes progressively
slower and deconstructed in its phonological, semantic
or syntactic aspect [1, 3-5].

For a diagnosis of PPA, language impairment should
be the most prominent deficit, at least for the first 2
years of symptom onset, without other cognitive and
behavioural disorders [1, 6, 7]. Moreover, the main cause
of difficulties in daily life activities is the progressive de-
terioration of language cortical areas and/or networks
involved in word production or comprehension [1, 6].

Interest in PPAs has grown rapidly over the years
[2]. Recent guidelines for the classification and diag-
nosis of PPAs have identified the following variants
of PPA: nonfluent/agrammatic variant (nf/avPPA),
semantic variant (svPPA), and logopenic/phonological
variant (I/phvPPA) [6].

The nf/avPPA has main clinical features of agramma-
tism in language production and/or effortful halting
speech [6]. As an initial sign of disease, apraxia of speech
is frequently recorded [3, 6, 8]. Due to difficulties in
motor speech planning, patients typically display speech
sound errors and altered prosody. Variable degrees of
anomia, as well as an impairment of syntactically com-
plex sentence comprehension, are also evident [2, 3, 6,
7]. From the neuroimaging perspective, this disability is
characterized by the left inferior fronto-insular atrophy
and the involvement of white-matter fiber bundle in the
dorsal language pathway [3, 9-11].

The svPPA is clinically characterized by a slow loss of
semantic knowledge [7], anomia, and single-word com-
prehension deficits, especially for low-frequency items
[6, 7, 12]. The impairment in single-word comprehen-
sion is usually the earliest symptom of semantic memory
deficit, subsequently leading to deterioration in recognizing
objects and people [13]. Patients with svPPA are fluent in
spontaneous speech and word repetition is spared, although
they can exhibit surface dyslexia and dysgraphia [3, 6, 12].
The neuroanatomical profiles of svPPA include bilateral, al-
though mainly left-lateralized, anterior inferior and mesial
temporal lobe atrophy [13].

The 1/phvPPA has core features of deficits in word re-
trieval and sentence repetition [6]. 1/phvPPA patients
have a slow rate of spoken language, which is character-
ized by simple sentences with frequent pauses due to
difficulties in word-finding, and they do not show frank
agrammatism. Single-word comprehension is relatively
spared [6, 14]. The left inferior parietal lobule and the left
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posterior temporal lobe are consistently involved in the
neurodegenerative process in /phvPPA [2, 6, 14].

Although a detailed description of the distinctive fea-
tures of PPA variants has been outlined, some patients
show an aphasic syndrome that cannot be classified into
any of the three variants [15]. A minority of patients
present mixed features or a single language symptom
(such as anomia or dyslexia) for a long time [6, 16]. In
this case, due to the progressive nature of the disorder,
the patients could fulfil the root criteria for PPA but not
the criteria for any of the variants [15, 16]. Therefore, in
addition to the three most common variants, the
consensus criteria suggest that these patients should be
categorized into “PPA unclassifiable” [6, 15, 16].

In a substantial number of patients with PPA, the dis-
ease arises at middle age and has a devastating effect on
their quality of life [17]. Moreover, language impairment
in PPAs is the main stressor for patients and their care-
givers, which causes serious impacts on patient relation-
ships, social networks, and the possibility of participating
in a large number of everyday activities based on com-
munication [12, 18].

In the absence of effective pharmacological therapies
to improve or stabilize the cognitive-linguistic deficits,
there has been an increased interest in language training
interventions to minimize the functional impact of
communication difficulties in daily life and remediate
language deficits in PPAs [13, 17, 19, 20]. Currently, dif-
ferent interventions have been described for individuals
with PPA [12, 17, 21, 22].

With the progress in the diagnosis of PPA, an
important aspect for obtaining satisfactory results is to
apply an impairment-based approach that focuses on
the particular language deficits of a patient [23].
Several studies have suggested that word retrieval
treatments, such as semantic, phonological and ortho-
graphic interventions, provide substantial benefits for
naming abilities of PPA patients and often show a gen-
eralized effect on functional communication [24—26].
Other studies have focused on more specific interven-
tions aimed at improving fluency in patients with nf/
avPPA. In this regard, the script-training approach has
been reported to ameliorate fluency, speech production
and intelligibility of oral output in nf/avPPA [23, 27].
Furthermore, some authors have proposed communi-
cation skill training aimed at learning strategies or
facilitative behaviour directed to successful daily
communication [28, 29].

It is important to note that the use of the same type of
language training in patients with similar clinical fea-
tures may often lead to different results [21, 25, 30]. This
suggests that when selecting the interventions to be ap-
plied, not only an accurate and detailed assessment of
language and cognitive deficits is needed, but variables
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that could affect the outcome, such as motivation, the
presence of a caregiver, the severity of the disease
and the presence of anosognosia, should also be taken
into account. Likewise, it is important to set realistic
goals for language treatment based on patients’ needs
[23]. Educational and support groups directed to care-
givers have been shown to be of crucial importance
too [31].

Naming deficits in the variants of PPA

Naming difficulty is one of the first symptoms of PPA
[3, 6, 17, 32]. Early detection of naming difficulties facili-
tates early intervention, thereby reducing their functional
impact on everyday life.

Word-finding difficulties recorded in the three variants
of PPA involve different linguistic processes, leading to
substantial differences in the type of errors made by
patients with PPA [33-35]. The word-finding process
occurs through a multistep organization, from access to
semantics of words to the retrieval of phonological code
for oral naming or of orthographic code for written
naming to the articulation process. This language model
postulates that every step involves an extensive network
of cerebral regions, predominantly lateralized in the left
hemisphere of the brain [32, 36].

In PPA, the neural degeneration process can affect
these language-related cortical regions differently, imply-
ing clinical and anatomical heterogeneity among the
three variants [3, 37, 38]. Thus, it can be assumed that
distinct components of the lexical/semantic processing
system are involved in different naming difficulties.

For nf/avPPA, in which imaging studies have
highlighted the involvement of the left posterior frontal
and insular regions, patients have been reported to have
naming deficits specifically during the naming of actions
rather than of objects [39, 40]. In this case, anomia
reflects damage to the post-lexical level of word produc-
tion (phonological or orthographic) instead of to the lex-
ical/semantic processing level [39, 41-44]. Impairment
at this stage of naming process seems to impact phon-
eme selection during phonological encoding, so patients
with nf/avPPA often show phonemic errors (deletions,
substitutions, insertions and transpositions) [45]. In
addition, nf/avPPA patients also present phonetic errors
caused by progressive motor speech impairment (dys-
arthria and/or apraxia of speech) [33, 45, 46]. Object
naming difficulties are predominantly evident in svPPA,
while action naming is relatively preserved. For the
svPPA variant, impairment at the semantic level of the
naming process is the core feature of word-finding diffi-
culties [17, 47, 48]. The type of errors systematically
shown by svPPA patients reflects the progressive loss of
semantic representations. Initially, errors are more
evident in low-frequency and/or low-familiarity items,
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therefore they tend to replace the target with more fa-
miliar words or with superordinate category names.
However, with the progression of the disease, the
naming difficulties extend to high-frequency or high-
familiarity words. Another typical phenomenon in the
svPPA variant is the semantic paraphasias and the use of
circumlocutions, both in naming tests and in spontan-
eous speech [16, 49, 50]. Semantic impairment in svPPA
has been shown to be related to the left-sided anterior
temporal atrophy/hypometabolism [51], whereas naming
deficits are associated with degeneration in the superior
regions of the left temporal pole [6, 52]. Moreover, in
the 1/phvPPA variant, word retrieval impairment is
widely described [3, 16]. In the 1/phvPPA condition, the
naming difficulties may be caused by a deficit in lexical-
phonological processing, leading to phonemic parapha-
sias [53]. In the 1/phvPPA variant, the naming difficulties
may correlate with atrophy/hypometabolism in the left
posterior superior, posterior middle and middle inferior
temporal cortex [6, 52, 54].

All of this evidence converges on the assumption that
the anatomical differences underlying naming impair-
ments in PPA reflect the involvement of separate word-
finding operations, which, in turn, leads to different
error types in naming tasks.

Naming treatment in PPA

Several studies have demonstrated effectiveness of
intervention approaches in improving naming difficul-
ties in PPAs [12, 17, 22, 24, 25, 55-60], supporting both
crucial roles of early intervention and the possibility of
inducing generalization and long-term maintenance of
gains [21, 56, 61, 62].

Due to the impact of language impairments on daily
life activities, several studies have investigated the
effectiveness of different speech-language therapies in
providing word relearning interventions, strategies and
aids for adequate communication and support, and pro-
viding education for caregivers [17, 63, 64]. As already
described, naming impairment in PPA may reflect
breakdown at one or more stages of the naming process
[33-35]. In line with these considerations, several
studies have investigated the effectiveness of naming
treatments, including semantic, lexical-phonological
and lexical-orthographic interventions and/or the com-
bination of them, in patients with progressive word-
finding difficulties [21, 25, 60], but only a few studies
have compared the effects of different approaches in
the same PPA-subtype patients [65-74].

In the following sections, we will discuss the imme-
diate benefits of language training on the measures of
oral and written naming outcomes, the possible
generalization to other tasks, and maintenance over
time for each variant of PPA.
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Search strategies and study selection criteria
We searched the Medline (PubMed) database for litera-
ture containing the following terms: “(primary progres-
sive aphasia OR semantic dementia OR frontotemporal
dementia) AND (language training OR language treat-
ment OR anomia training OR treatment for lexical re-
trieval OR anomia treatment OR word retrieval
therapy)’.

We reviewed all titles and abstracts and examined all
relevant original research articles (see flowchart in
Fig. 1).
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The results were screened by reviewing titles and ab-
stracts and studies that met the following criteria were
included: (a) original research; (b) conducted on patients
with PPA; (c) comprising only behavioural language
intervention and no combined interventions; (d)
providing at least one oral or written naming outcome
measure; and (e) published before 15 January 2021. Fur-
thermore, animal studies, reports of secondary data such
as meta-analyses, reviews or letters and study protocols
were excluded. Full-texts of the remaining studies were
read before their exclusion or inclusion. References of
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the included studies were also screened to identify pos-
sible additional sources. Only English-language articles
were included. Finally, 48 studies published between
2001 and 2020 were included in this literature review
(Fig. 1). The selected studies comprised 278 patients
with a diagnosis of PPA (Table 1).

Overview of behavioural naming treatments for
patients with PPA

Since the aim of this literature review was to identify be-
havioural naming treatments frequently used in clinical
practice among patients with different variants of PPA,
we divided the studies on the basis of the intervention
used, including four types of treatment: (a) lexical re-
trieval treatment; (b) phonological and/or orthographic
treatment; (c) semantic treatment; and (d) multimodality
approach treatment (Table 1).

Lexical retrieval treatment

Lexical retrieval treatment is the most common inter-
vention performed in people with PPA to treat progres-
sive word-finding difficulties [55]. This training utilises a
hierarchy of tasks that are designed to promote a stra-
tegic recruitment of spared semantic, orthographic and
phonological knowledge in order to facilitate word re-
trieval and encourage self-cueing, thereby improving the
naming ability and increasing the content and efficiency
of spontaneous speech, eventually generalizing naming
skills to everyday life [77].

Some treatment techniques have been identified as
lexical retrieval treatment, such as cueing hierarchies,
lexical retrieval in context, and repetition and/or reading
in the presence of a picture (RRIPP) [25].

The complete cueing hierarchy is based on the princi-
ples of the Lexical Retrieval Cascade Treatment. This
intervention starts with semantic self-cueing techniques
(superordinate, definition and semantic closure phrase)
and progresses with orthographic and phonemic self-
cues (identification of syllable’s number, first sound, first
syllable) and repetition of the target word [77, 84]. How-
ever, in the shortened version in the study of Kim [81],
questions on the autobiographical information in the se-
mantic cue category are included without the semantic
plausibility judgment step. The cueing hierarchy
treatments have also been used for word retrieval in a
discourse context [66, 81]. In this case, patients are re-
quested to read a target story in order to be familiar with
it and a question with minimal semantic information is
asked in order to retrieve the target word. If the patient
gives an incorrect answer, semantic and phonological
cues and sentence completion cues will be provided
[66]. In RRIPP, participants are required to name the
picture presented on a computer screen, using the

Page 5 of 34

written and/or the spoken form as model before the pic-
ture disappear [18, 82].

In this review, 13 studies investigated the effectiveness
of lexical retrieval treatment on naming abilities in a
total of 73 patients with PPA (17 nf/avPPA, 28 svPPA,
27 1/phvPPA and 1 mixed PPA). Specifically, 12 studies
assessed the oral naming performance using trained and
untrained whole-word accuracy as measures, whereas
only one study investigated both oral and written nam-
ing abilities using trained and untrained whole-word
accuracy and letter accuracy, respectively. Most of the
studies (1 =8) evaluated the effects of language training
on naming nouns; only one focused on verbs, two inves-
tigated the naming accuracy for both nouns and verbs,
and the other two studies evaluated the effects of lan-
guage training on nouns, verbs and adjectives. Interest-
ingly, all of the studies on lexical retrieval treatment
assessed the long-term effects of the treatment with
follow-up assessments (2—84 weeks).

Specifically, two studies have reported evidence of
lexical retrieval treatment only in subjects with a diagno-
sis of nf/avPPA [66, 76], three only in patients with
svPPA [65, 75, 78] and two only in patients with 1/
phvPPA [80, 81]. The other six studies included partici-
pants with different variants of PPA, such as nf/avPPA,
svPPA, 1/phvPPA and mixed PPA [18, 77, 79, 82—-84] and
aimed to examine the effects of lexical retrieval treatment
on oral and/or written naming abilities by comparing
different subtypes of PPA. Many of these studies showed
little difference in benefits of the same type of intervention
between the variants [18, 77, 82—84].

nf/avPPA

In the two studies [66, 76] that only included subjects
with a diagnosis of nf/avPPA, both applied the cueing
hierarchy treatment, but used different cues to treat
naming disorders. In particular, Jokel et al. [76] applied
the computer-based phonological and orthographic cue-
ing hierarchical therapy in two nf/avPPA patients and
reported an improvement in oral naming of trained
items without generalization to untrained items. How-
ever, the authors reported a generalization of the gains
to the syntactic generation task and a maintenance of
benefits till 4-week follow-up. In contrast, Jafari et al.
[66] compared semantic and phonological cueing hier-
archy treatments applied in a single word context and
the integration of these methods in a narrative discourse
context in one nf/avPPA patient. The results showed an
improvement in oral naming abilities for trained nouns
and verbs and partial maintenance after both types of
training (for 2 weeks); the generalization to untrained
items was evident only after the integrated therapy.
This suggests that using tasks related to daily context,
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such as storytelling, could increase the possibility of
generalization of the results to other tasks.

RRIPP is another word-retrieval treatment that has
been applied by Croot et al. [18] in two individuals, one
with nf/avPPA and the other with I/phvPPA. The procedure
leads to an improvement in oral naming for trained items
but no improvement for untrained items, and no
generalization or maintenance of gains was observed at
follow-up. Likewise, Croot et al. [82] further applied the same
intervention in eight individuals with different PPA presenta-
tions (3 nf/avPPA, 21/phvPPA, 2 svPPA and 1 mixed PPA),
and confirmed the effect of this treatment on trained items
but with no improvement in oral naming for untrained
items. In contrast to their previous study, the authors found
a long-term effect of the training at follow-up.

svPPA

Studies on the efficacy of lexical retrieval treatment to
treat word-finding difficulties in participants with svPPA
have reported different results. Specifically, Frattali and
Kang [75] described a lexical retrieval treatment using
an errorless learning approach based on Levelt’s model
of lexical access [110], to treat naming difficulties in a
svPPA patient, in the aim to achieve errorless in naming
upon presentation of stimuli and effortful in recruitment
of higher-order cognitive functions that serve to prime
target words. The study showed that the oral naming of
trained items was improved, but failed to show
generalization effects on untrained stimuli, and gains did
not persist at the 24-week follow-up. Furthermore, two
studies have analysed the effects of semantic and phono-
logical cueing hierarchy treatment on word-finding diffi-
culties in patients with svPPA. One study compared the
effects of semantic and phonological cueing hierarchy
treatment on oral object-naming abilities [65], while the
other study investigated the effects on verb-retrieval abil-
ities [78]. Despite the diversity of the word classes
trained, the two studies had similar results: improvement
for trained items which persisted till the follow-up visit
with no generalization to untrained items. Moreover,
Beales et al. [79] evaluated the effects of lexical retrieval
treatment using semantic, phonological, orthographic
and autobiographical cues plus homework to facilitate
the naming of nouns, verbs and adjectives in three
patients with svPPA and one patient with 1/phvPPA. The
authors reported an improvement in oral naming for
trained and untrained items and a generalization effect
in patients with a diagnosis of svPPA. Gains were main-
tained during the 4-week follow-up for all participants.

I/phvPPA
In patients with 1/phvPPA, a particular technique of
lexical retrieval treatment, the lexical retrieval cascade
treatment, has been applied. This approach provides the
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use of a hierarchy of tasks that are designed to promote
strategic recruitment of spared semantic, orthographic
and phonological knowledge to facilitate word retrieval
and to encourage self-cueing. This intervention focuses
on naming ability and aims to increase the content and
efficiency in spontaneous speech and generalize naming
skills to different contexts of everyday life [77].

Henry et al. [77] have applied a modified version of
the lexical retrieval cascade treatment combined with
daily homework in a patient with I/phvPPA and a patient
with svPPA. The results showed an improvement in oral
naming of trained and untrained items, with mainten-
ance of gains until 24 weeks for the patient with 1/
phvPPA and until 12 weeks for the patient with svPPA.
Written naming, which was evaluated only in the 1/
phvPPA patient, showed improvement in written nam-
ing for trained but not for untrained items, with main-
tenance of gains at the 4-week follow-up. Henry et al
[84] have confirmed that this intervention is beneficial
for word-retrieval deficits in PPA, whether caused by
semantic or phonological impairment.

Dial et al. [83] further adapted the lexical retrieval
cascade treatment used by Henry et al. [77] and found
improved oral naming for trained and untrained items,
generalization to the Western Aphasia Battery-Aphasia
Quotient (WAB-AQ), and maintenance of gains at
follow-up in 10 svPPA and 111/phvPPA patients. Inter-
estingly, the lexical retrieval cascade treatment seems
more effective when applied in the form of teletherapy
than in the face-to-face approach. In the same study, the
authors reported an enhancement of written naming for
trained items, which was maintained at follow-up, but
failed to show any generalization result in 10 nf/avPPA
patients.

Grasso et al. [80] have investigated the effects of
lexical retrieval cascade treatment combined with
daily homework implemented by a clinician and by a
trained caregiver in one patient with mild cognitive
impairment (MCI) and one with [/phvPPA. They
found that in the 1/phvPPA patient, the treatment
gains in oral naming were greater for trained items
than for untrained items, and both gains were main-
tained at follow-up without differences between
clinician-trained and caregiver-trained sets. Likewise,
Kim [81] applied a lexical retrieval cascade treatment
combined with daily homework to a subject with 1/
phvPPA. This study used a shortened cueing hier-
archy, which eliminates the semantic plausibility
judgement step and includes questions that prompt
autobiographical information in the semantic cue cat-
egory to train single-word retrieval. The treatment
method was found to be effective in improving oral
naming of trained words, and the maintenance of ef-
fect was evident wuntil the 20-week follow-up.



Pagnoni et al. Translational Neurodegeneration (2021) 10:24

However, no improvement of generalization to un-
trained items was found in the I/phvPPA patient.

Summary

In conclusion, the lexical retrieval treatment, regardless
of the type, is effective in treating naming difficulties in
several subtypes of PPA. Specifically, all studies have re-
ported significant immediate gains in oral and/or written
naming for trained items regardless of the grammatical
class treated. However, most studies, except a few [66,
77, 79, 80, 83, 84], have failed to show larger
generalization effects of a particular lexical retrieval
treatment technique for untrained items when applied
to a specific variant of PPA. Studies that examined this
aspect have also reported effects on language tasks such
as syntactic generation tasks [76] and discourse
measures [79] after lexical retrieval cueing hierarchy
treatment in nf/avPPA and svPPA subjects, respectively.
Moreover, one study also observed a generalization
effect on WAB-AQ, a measure of aphasia severity [83].
Regarding the long-term maintenance effects, generally,
all strategies used for lexical retrieval treatment have led
to the maintenance of gains till the end of the interven-
tion in all subtypes of PPA. Only one study [75] did not
detect a long-term effect of the treatment.

Phonological and/or orthographic treatment
Phonologically based treatments use different methods
that collectively aim to facilitate word retrieval by stimu-
lating residual phonological representation and strength-
ening the phonological representation of the word [111].
Typically, in the phonological treatment a target picture
is shown and a hierarchy of phonological cueing is
applied using rhyming cues, first phoneme cues, and/or
first syllable cues [111, 112]. Moreover, the cueing
phonological hierarchy treatment can include different
tasks, such as spontaneous naming, written naming,
notebook search, reading and repetition. The phono-
logical treatment has also been applied using a remedi-
ation protocol that includes auditory exercises designed
to involve several aspects of phonological processing,
such as phonetic and syllabic discrimination tasks and
segmentation exercises [85].

In contrast, the goal of orthographic treatment is to
strengthen the orthographic representation of the word.
Two of the typical approaches used to achieve this goal
are matching a picture with the written form of the
word, thereby facilitating the participant’s access to the
orthographic path to word production [70], and spelling
intervention based on the phonemic-to-graphemic con-
version mechanism, which requires writing of a letter or
combination of letters corresponding to a particular
phoneme aimed at teaching the correct phoneme-
grapheme correspondence [87].
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Generally, the written word-to-picture matching task
is characterized by sequential presentation on a com-
puter screen of: a target picture alone, a written word
under the picture, the word alone and the written word
under the picture again. Then, the participant is first
asked to read and to copy the word and then to
recognize images and words [69-72, 88]. In the spelling
intervention, a patient is requested to write a letter or a
combination of letters that correspond to a specific
phoneme. Then the patient’s response is reinforced if
the answer is correct, by asking him/her to write a word
that starts with the trained sound; if the response is in-
correct, a word beginning with that letter is provided by
the therapist and the patient is asked to write that word,
in order to reinforce the association between phoneme
and grapheme [87].

Given the close relationship between graphemes and
their corresponding phonemes, phonological and ortho-
graphic treatments have very often been compared
[69-72, 88] or combined with each other [87].

Of the eight studies that investigated the effectiveness
of phonological and/or orthographic treatment in a total
of 85 patients with PPA (24 nf/avPPA, 20 svPPA, and
411/phvPPA), two studies examined the effectiveness of
phonological treatment alone on naming abilities in a
total of 5 patients with PPA (3 nf/avPPA, 1 svPPA, and
11/phvPPA), one study focused on the effects of ortho-
graphic treatment alone in a patient with 1/phvPPA,
while most studies (n=5) compared the efficacy of
orthographic and phonological treatments in a total of
79 participants with a diagnosis of PPA (21 nf/avPPA, 19
svPPA, and 39 1/phvPPA). Specifically, one study investi-
gated oral naming performance to measure trained and
untrained whole-word accuracy; one assessed oral nam-
ing performance to measure only untrained whole-word
accuracy; one study assessed written naming perform-
ance as the primary outcome measure for the trained
and untrained phoneme-grapheme and phoneme-word
correspondences (letter accuracy); and the other five
studies investigated both oral and written naming abil-
ities using trained and untrained whole-word accuracy
and letter accuracy/whole-word accuracy, respectively.
All studies have evaluated the effects of language train-
ing on the naming of nouns. Interestingly, only two
studies assessed the long-term effects (32—144 weeks).

Below, we will detail the evidence of gains obtained for
oral and written naming abilities by application of
phonological and/or orthographic treatment on different
variants of PPA. Specifically, among the eight studies
identified, one reported evidence only in subjects with a
diagnosis of nf/avPPA [85] and two evaluated the effects
of phonological and/or orthographic treatment only in
patients with 1/phvPPA [70, 87]. Most of the studies
(n=5) included participants with different PPA subtypes
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[69, 71, 72, 86, 88] to compare the effects of the same
type of treatment on different variants of PPA.

nf/avPPA

The study of Louis et al. [85] was the only one that in-
vestigated the application of phonological treatment on
oral naming abilities only in nf/avPPA. In particular, the
authors proposed a remediation protocol based on the
temporal theory of phonological processes, in which
phonological abilities were trained daily, and evaluated
naming abilities only on untrained items. Results showed
no improvements in oral naming abilities in three pa-
tients with a diagnosis of nf/avPPA. However, examin-
ation of the Boston Diagnostic Aphasia Examination
profiles showed significant improvement in fluency, with
a reduction in the number of phonemic paraphasias and
in written comprehension (in one patient). Moreover, in
two patients, there was generalization to reading and
repetition tasks. The results supported the assumption
that the acoustic characteristics of the auditory signal
participate in the way the brain resolves phonological
difficulties.

I/phvPPA
Applying a phonological cueing hierarchy treatment in
two individuals with PPA, one with 1/phvPPA and one
with svPPA, Newhart et al. [86] showed an improvement
in both patients in oral naming abilities for trained
items. In particular, there was an improvement in nam-
ing of trained and untrained items (in both trained and
untrained categories) in the patient with 1/phvPPA, but
generalization of the gains to written naming for un-
trained items and to other language tasks was not found.
Nevertheless, the patient with a diagnosis of svPPA did
not show improvements in either oral naming or written
naming for untrained items.

In contrast, the study of Tsapkini and Hillis [87] ap-
plied an orthographic treatment in a patient with 1/
phvPPA. The authors, using a spelling intervention,
found an improvement in trained phoneme-grapheme
and phoneme-word correspondence items with a
generalization effect to a pointing-to-named-letters task.
However, they failed to find improvement in untrained
phoneme-grapheme and phoneme-word association
items. Another series of studies compared the effects of
orthographic and phonological treatments on naming
abilities. Meyer et al. [70] compared the efficacy of
orthographic and phonological treatments combined
with daily homework in a bilingual patient with a diag-
nosis of I/phvPPA. This single-case study showed an im-
provement in oral naming of trained and untrained
items after both types of treatment, without mainten-
ance at follow-up (to 144 weeks). Specifically, for the
English language of the bilingual patient, there was a
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greater effect of phonological treatment than ortho-
graphic treatment, while for the Norwegian language,
the opposite pattern was found. Furthermore, both types
of treatment led to an improvement in written naming
for trained and untrained items. Although this study
failed to find generalization effects to the Boston Nam-
ing Test (BNT), it found an improvement in naming to
the definition of trained and untrained items after both
types of treatment in both the English and Norwegian
languages, with greater effects for orthographic
conditions. In addition, Meyer et al. [69] compared the
effects of phonological and orthographic treatments ad-
ministered in a telerehabilitation or face-to-face manner
in 5 participants with nf/avPPA, 4 with svPPA and 8
with I/phvPPA, and found improvement in oral naming
for trained items in all patients. They also found a
generalization to untrained items in svPPA (only after
phonological treatment) and 1/phvPPA patients. More-
over, an improvement in written naming abilities was re-
corded only in 1/phvPPA patients, and only nf/avPPA
patients exhibited a generalization effect to tasks that
required naming abilities during scene description, but
only after phonological treatment.

In a subsequent study, Meyer et al. [88] proposed the
same types of treatment, administered in a face-to-face
procedure, in combination with homework, in a slightly
expanded study sample. Results confirmed the positive
effects on oral naming abilities for trained items after
both types of treatment and showed improvement in
oral naming for untrained items after phonological and
orthographic treatment.

In subsequent studies, the same authors [71, 72] ap-
plied the same treatment procedures to investigate the
effectiveness of phonological and orthographic treat-
ments for oral naming abilities in nf/avPPA [72], svPPA
and 1/phvPPA patients [71, 72]. The results showed an
enhancement of oral naming of trained items in all par-
ticipants, whereas generalization to oral naming of un-
trained items was recorded only in svPPA and 1/phvPPA
participants. Written naming abilities for trained items
were enhanced in all participants, whereas generalization
to written naming of untrained items was not evident in
any of the patients.

Summary
Phonological and orthographic treatments are frequently
used in the rehabilitation of speech disorders in PPA pa-
tients. All works examined, except for the study by Louis
et al. [85], described an improvement in oral naming.
Likewise, all studies that assessed written naming per-
formance for trained items showed positive posttreat-
ment effects of both procedures, although larger effects
were generally observed using orthographic treatment
[69-72, 87, 88]. Regarding generalization effects to the
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untrained stimuli, the results were quite variable for
both oral and written naming and between variants of
PPA. Specifically, most studies that assessed oral naming
for untrained items have shown improvement in this
outcome [69-72, 86, 88]. This effect was equally evident
after phonological or orthographic treatment and generally
in all subtypes of PPA, with larger effects in 1/phvPPA
patients. In contrast, regarding written naming, only one
study reported generalization to untrained items in a 1/
phvPPA patient after both types of treatment [70]. Interest-
ingly, of the eight studies on phonological and/or
orthographic  treatment, seven also assessed the
generalization of the gains to other language tasks. In
general, both types of treatment led to benefits to other lan-
guage measures [69-72, 85, 87]. Regarding the long-term
effects of the treatment, only two studies provided follow-
up measures [70, 72], making it difficult to assess the long-
term effectiveness of the phonological and orthographic
treatments. Of these two studies, only one found mainten-
ance of the gains till 60 weeks, specifically in patients with
svPPA [72].

Semantic treatment

The application of semantic treatment has been widely
investigated to treat anomia in patients with PPA [57].
Semantic treatment is a privileged approach when the
impairment in naming abilities is related to a deficit in
the semantic system. Given the type of impairment, the
aim of semantic intervention is to strengthen the associ-
ation of the structural, perceptual and functional fea-
tures of items, rebuilding or improving the network of
information that activates them rather than strengthen-
ing semantically similar items [113]. Several types of
semantic treatment have been described. Many of these
are defined as semantic although the inclusion of tasks is
based not only on semantic features but also on phono-
logical or orthographical representation, aiming to
strengthen the link between concepts and their
corresponding names with the use of semantic feedback
(68, 73, 74, 91, 92, 94, 96—-103]. Generally, this treatment
includes auditory word-to-picture matching, written
word-to-picture matching, yes/no questions about the
target answering, picture and spoken word categorization
and judgment of the relatedness of target words to a series
of pictures. In some studies, the picture to be named is as-
sociated with its written/auditory label or with a written/
auditory description and the participant is asked to read
and/or repeat the word or provide a target description, in
order to reinforce its retrieval [61, 67, 89, 90, 92, 93, 95—
101, 103, 105]. In addition, participants could be requested
to generate semantic attributes and/or personally relevant
episodic features related to the picture [56, 91, 102]. An-
other semantic treatment focusing on activation of seman-
tic networks is the semantic feature analysis (SFA) training,
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where patients are guided by clinicians to produce seman-
tic features of target words [94, 104]. Likewise, the COn-
ceptual ENrichment (COEN) therapy is applied to restore
concepts, which places a target picture in a personally
meaningful temporal and spatial context and uses the indi-
vidual’s spared semantic networks. To achieve this goal, a
target image is presented together with two co-target pic-
tures (chosen by the participant as semantically related to
the target), helping to restore the meaning of the target
word [68, 73, 74].

In this literature review, 23 studies have investigated
the effectiveness of semantic treatment on oral and writ-
ten naming abilities in a total of 66 patients with PPA (1
nf/avPPA, 59 svPPA, and 61/phvPPA). Specifically, 22
studies focused on oral naming performance, measuring
the whole-word accuracy of items. Nineteen of these
studies investigated the effects of the treatment on both
trained and untrained items; one assessed the naming
accuracy of only trained stimuli, while two studies exam-
ined only the naming accuracy of untrained items. Most
studies (7 =22) examined the effects of semantic treat-
ment training on the naming of only nouns, while one
focused on the naming of nouns and verbs. In addition,
more than half of the studies on semantic treatment
(n=15) assessed the long-term effects of the treatment
with follow-ups (1-28 weeks).

Below, we detail the evidence from the literature re-
lated to the effects on oral and written naming abilities
by applying semantic treatment to different variants of
PPA.

Specifically, a study has reported evidence on the ap-
plication of semantic treatment only in a subject with a
diagnosis of nf/avPPA [94], 19 evaluated the effects of
this intervention only in patients with svPPA [56, 67, 68,
73, 74, 89-93, 95-102, 105], and one focused on partici-
pants with 1/phvPPA [61]. The other two studies re-
ported patients with different variants of PPA [103, 104].

nf/avPPA

The study by Marcotte and Ansaldo [94] was the only
one that applied semantic treatment in a patient with nf/
avPPA, and showed improvement in oral naming only
for trained objects and verb items with nine sessions of
SFA therapy. These results are interesting as they dem-
onstrate the effectiveness of the use of semantic features
to activate a semantic network, which consequently
facilitates word retrieval in subjects with deficits that are
primarily phonological in nature.

svPPA

Some studies have investigated the application of seman-
tic treatments in patients with svPPA and reported dif-
ferent results regarding the benefits on naming abilities
of trained items, generalization to untrained items and/
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or other language tasks, and long-term maintenance
of effects [56, 67, 68, 73, 74, 89-93, 95-105]. Regarding
the studies that used traditional semantic treatments to
verify the improvement of oral naming abilities on
trained and untrained items, Snowden and Neary [89]
applied semantic treatment based on a repeated expos-
ure paradigm combined with home training in two pa-
tients with svPPA and reported improvement in
relearning trained items. The results suggest the import-
ance of residual semantic knowledge and the “personal
meaningfulness” of selected items for the training, which
may influence the learning success, generalization and
maintenance of effects. In line with this, Jokel et al. [90]
used a treatment programme for renaming learning in a
patient with semantic dementia based on the principle
that personal “meaningfulness” and personal experience
of objects have implications for the ability to recognize
objects and learn their names. The results suggested that
the oral naming ability for objects is facilitated by intact
semantic knowledge and that it contributes to a slower
rate of forgetfulness, showing an improvement in oral
naming of trained and untrained items for the objects
that the patient was unable to name but able or unable
to comprehend, associated with maintenance of im-
provement only for trained items at the 4-week follow-
up. In addition, to monitor the progression of loss, the
authors investigated the ability to generalize benefits to
untrained stimuli set featuring items that the patient was
able to name and comprehend before treatment.
Evidence suggests that the practice delays the progres-
sion of loss. In contrast, Henry et al. [56] applied inten-
sive semantic treatment combined with daily homework
tasks aimed at improving lexical retrieval in the context
of generative naming for a series of semantic categories
in two cases of svPPA (and in a patient with poststroke
aphasia) and reported improvement in oral naming for
trained and untrained categories in both svPPA subjects
and maintenance of benefits at the 16-week follow-up
for trained categories in only one svPPA patient. The au-
thors also investigated the generalization of the effects
on naming abilities, but did not find improvement in
this task. Bier et al. [91] compared the effects of formal
semantic therapy with a simple repetition approach and
formal semantic therapy combined with a spaced
retrieval method on the ability to relearn names and
semantic attributes of concepts in a patient with svPPA.
The comparison to a simple repetition approach is im-
portant to explore the possible superiority of spaced re-
trieval in relearning lost names, in long-term retention
and in generalization after interventions. The results
showed that both types of training improved oral nam-
ing only for trained items, and the gains were main-
tained at follow-up, but generalization to untrained
items was not found. In addition, the effects of semantic
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treatment were specific, since no improvement in the
letter fluency task was shown, but improvement in the
generation of specific verbal attributes for the trained
items was evident. Similarly, Heredia et al. [92] studied
the name relearning ability in a subject with svPPA using
semantic relearning treatment. The results described an
improvement in oral naming for trained but not for con-
trol items. Nevertheless, the patient was able to maintain
the gains for 24 weeks and generalization to alternative
visually similar exemplars of trained items was found. In
contrast, Robinson et al. [93] examined the effectiveness
of an errorless learning paradigm in improving object
naming, definition and object use in two participants
with svPPA. The results obtained in the two subjects
were not overlaying, perhaps due to differences in the
duration of the therapy and/or the severity of semantic
impairment. The svPPA patient who completed all
scheduled treatment sessions showed greater benefits,
such as improvement in oral naming of trained items
and in definition and object use for untrained and
trained items, respectively, while in both subjects, im-
provement in definition of trained items was recorded.
Differences were also detectable in long-term mainten-
ance since only the subject who performed 3 weeks of
treatment maintained the benefits. Moreover, some
studies used an innovative computer-based approach to
apply semantic treatment in patients with svPPA.
Among these, Jokel et al. [95] investigated the effective-
ness of a computer-based treatment for anomia based
on the principles of errorless learning in one svPPA pa-
tient to relearn lost words (MossTalk Words) [114-116].
The authors reported improvements in oral naming for
trained and untrained items after treatment, with gains
for trained items maintained up to 12 weeks. Moreover,
the authors found generalization of benefits to alterna-
tive visual exemplars of trained items (Philadelphia
Naming Test task) and to semantic fluency task. Subse-
quently, Senaha et al. [96] analysed the effectiveness of
semantic relearning training based on the errorless para-
digm in three cases with svPPA and found improvement
in oral naming focused only on trained items without
generalization to untrained stimuli.

Mayberry et al. [97] applied a relearning name treat-
ment in two svPPA patients and showed improvement
in oral naming for trained items with maintenance of
benefits throughout the 4-week follow-up in both sub-
jects, but only one of the subjects showed the same re-
sults for visually dissimilar untrained items (BNT task).
In contrast, Jokel and Anderson [98] investigated four
treatment approaches based on the combination of
errorless/errorful and passive/active learning in a sample
of seven patients with semantic dementia. They reported
a greater benefit for oral naming of trained and un-
trained items using errorless rather than errorful
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learning and of words for which semantic knowledge
was preserved, associated with maintenance at 12-week
post-treatment. The generalization effect was evident in
the semantic fluency task.

Savage et al. [99] investigated a home-based method
using several combinations of word relearning techniques
to study possible improvement in naming abilities in four
participants with svPPA. All participants showed an im-
provement in oral naming of trained items, showing the
effectiveness of the simple treatment that pairs an object
and a picture with the word form. Interestingly, the treat-
ment was more beneficial in patients with severe semantic
impairment. No improvement in oral naming was found
for untrained items, but the maintenance of gains was evi-
dent for all the subjects independent of the duration of
training, although a longer period of practice resulted in a
reinforcement of the material learned. In a later study, the
authors applied an online relearning programme in five
svPPA patients with different degrees of semantic impair-
ment, and assessed their ability to relearn items and the ex-
tension of improvements to other expressive and receptive
language tasks [100]. An improvement in oral naming of
trained items, but not of untrained items, was recorded in
all the participants. For most of the patients, an increase
in word retrieval was found for trained items on video de-
scription tasks, while generalization to word comprehen-
sion tasks was evident only in two participants with mild
(not severe) disease severity. Furthermore, Hoffman et al.
[101] used a name relearning intervention based on the
learning theory that greater variability of experience
during learning leads to more successful recall in a novel
context [117, 118]. As hypothesized by the authors, ma-
nipulating the order of items during the training increased
the capacity of subjects with svPPA to generalize the bene-
fits on trained items to novel tasks (word-picture match-
ing task). In a second study, the authors noted that
varying the type of exemplars of the same object during
the training sessions improved the generalization to new
exemplars of the object compared with treatment based
on a single exemplar of items. This evidence was found
only for the oral naming ability of trained items but not
for untrained items. In both studies, long-term effects
were reported at 28weeks of follow-up. Moreover,
Suédrez-Gonzalez et al. [73] compared the effect of a
standard naming treatment (NT) with COEN therapy
aimed at strengthening the semantic networks of tar-
get items in a patient with svPPA. Both therapies
were effective in improving the oral naming abilities
of trained items, but no improvement was found for
untrained items. However, they had different per-
formance in generalization tasks, where the COEN
therapy had greater effects on naming a visually dis-
similar example, in the description-to-naming task
and the naming-to-description task for trained items.
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Furthermore, in a subsequent work, the same authors
[74] extended the study to another patient with
svPPA to investigate the possible differences in terms
of generalization and maintenance of benefits. The
authors reported that the COEN therapy facilitated
the generalization of tasks other than the NT therapy
and permitted the maintenance of gains until 6 weeks
after the training.

In a single case study, Evans et al. [102] reported an
improvement in oral naming of both trained and un-
trained items after training. The authors suggested that
the use of computer-based semantic treatment in
addition to a home practice period based on trained
material in a svPPA patient was effective in retaining
and releasing a large set of personally meaningful words.
At the end of the treatment, the patient was able to
generalize the gains to BNT untrained stimuli and to
semantic fluency tasks.

Interestingly, Jokel et al. [67] investigated the differ-
ences in gains in object naming abilities after application
of a semantic and a phonological treatment based on
principles of errorless learning in four participants with
svPPA. During the semantic treatment, proven cues
were derived from the meaning of trained items, while
the phonological approach included phonemic cues
based on the sound and form of words. The results
showed that all participants improved their oral naming
abilities for trained items after both types of treatment,
although greater effects were reported after semantic
treatment. In contrast, generalization of treatment bene-
fits to untrained items and to other language tasks
assessed as sentence production, semantic knowledge,
verbal fluency and vocabulary was heterogeneous be-
tween individuals. Krajenbrink et al. [68] compared the
efficacy of two home-based language therapies, a lexical
retrieval therapy (RRIPP) and a semantic treatment
(COEN), on oral and written naming abilities in a pa-
tient with svPPA. In the first two phases of the study,
the authors compared two lexical retrieval therapies
(RRIPP) based on spoken output with and without writ-
ten responses, and in the third phase the semantic treat-
ment was applied. The results suggested that regardless
of the output used, the lexical retrieval therapy led to an
improvement in the oral and written naming of trained
items but not of untrained items. Moreover,
generalization to the comprehension task was found only
after the application of RRIPP with spoken and written
productions. In contrast to previous studies, no improve-
ments or generalization effects were reported after the
COEN therapy.

Recently, the effectiveness of language training by
errorless learning has been evaluated by Montagut et al.
[105] in 8 patients with svPPA. This study showed an
improvement in oral naming of trained items, and this
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gain was maintained at 12 weeks after intervention with-
out any generalization result.

Finally, Flurie et al. [104] evaluated the effectiveness of
a semantically based language treatment focusing on the
maintenance of individualized vocabulary in patients
with svPPA (n =7) and 1/phvPPA (n =2). In this study,
the use of SFA therapy induced preservation of naming
ability for trained items for up to 96 weeks, in compari-
son to a decline for untrained items.

I/phvPPA
The study of Beeson et al. [61] applied semantic
treatment in a patient with 1/phvPPA using an intensive
2-week semantically based lexical retrieval treatment,
during which the participant was trained to describe the
attributes of target items to strengthen the semantic
links and phonological representation. Results showed
that the training led to positive effects on generative
naming tasks for trained and untrained categories, both
after treatment and in the long term (24 weeks after the
end of treatment). Moreover, a beneficial effect was
shown for oral naming abilities and discourse produc-
tion measures. Lavoie et al. [103] compared the effects
of a self-administered semantic treatment applied to pa-
tients with svPPA and l/phvPPA. All participants showed
improvement in the naming of trained items, long-term
maintenance of the effects, and generalization effects,
without distinction between patients, while only one 1/
phvPPA patient also showed an improvement in oral
naming of untrained stimuli.

Summary

The effects of semantic treatment on naming abilities
have important clinical implications, especially in the
treatment of anomia related to a neurodegenerative def-
icit in the semantic system. Although most of the studies
have applied semantic treatment in subjects with svPPA
and only a few investigated the effects on nf/avPPA [94]
and l/phvPPA [61, 103], we generally observed that se-
mantic intervention can lead to benefits for the treat-
ment of word-finding difficulties in all subtypes of PPA.
Again, in most studies described above, the application
of this type of treatment also involves immediate post-
treatment improvement in oral naming of trained items
without differences between word classes or variants of
PPA. Regarding the written naming, only one study
investigated the effects of semantic treatment on this
ability and it found no improvement for either trained
or untrained items [68]. Wide variability can be found in
the generalization of the effects to oral naming of
untrained stimuli and to other tasks. Only eight of 20
studies that included wuntrained items showed a
generalization effect [61, 67, 90, 95, 97, 98, 103]. In con-
trast, regarding generalization to other tasks, all studies
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that examined this effect have reported a benefit follow-
ing semantic treatment to other language measures [56,
61, 67, 68, 73, 74, 89, 91, 93, 95, 98, 100—103]. Likewise,
all studies that investigated the long-term effect of the
treatment have shown maintenance of the gains over
time [61, 74, 89, 90, 92, 93, 95, 97, 98, 101, 103-105].

Multimodality approach treatment

Some studies investigating naming treatment in PPA
have combined impairment-based approaches with func-
tional approaches (communication skills training) to im-
prove communicative independence in these patients.
These multimodality approaches often include counsel-
ling and education on the use of strategies for patients’
caregivers [106—109].

Training involves the use of several language exercises
(restorative treatments) and provides a series of strategies
to help the patient express desired content (compensatory
treatments).  Specifically, restorative treatments are
impairment-based and include tasks aimed at treating spe-
cific language deficits, such as lexical retrieval, object
definition and use, and apraxia of speech. Differently, com-
pensatory treatments involve tasks focused on developing
communication strategies, such as sentence production,
conversation practice, word writing, use of an Alternative
and Augmentative Communication devices and role-
playing, in order to increase and facilitate the individual’s
participation in daily life activities [22, 119].

This type of rehabilitative approach is frequently ad-
dressed to patients not distinguished by clinical variants
[106, 107, 109] since such patients are characterized by
heterogeneity of language impairments.

Four studies that used multimodality approaches in a
total of 54 patients with PPA were identified in our lit-
erature review. Only one of these patients received a
diagnosis of nf/avPPA, while the others (n=53) were
not classified into a specific subtype of PPA.

All of these studies focused on the performance of oral
naming using whole-word accuracy as the primary out-
come. Three of the four studies examined the effects of
the treatment on naming abilities for both trained and
untrained nouns, while the other one assessed only the
naming accuracy of untrained nouns. Finally, in only half
of the studies was the maintenance of the gains evalu-
ated through follow-up assessments (4—24 weeks).

Below, we will detail the evidence from the four
studies.

In addition to the widely described benefits for a var-
iety of language measures and quality of life in chronic
aphasia [120], Farrajota et al. [106] evaluated a multi-
modality stimulation approach including picture naming,
descriptions of pictures, auditory-verbal comprehension,
reading and writing, expression of feelings and opinions,
conversational skills plus homework exercises in a group
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of participants with PPA, in comparison to a control
group of PPA patients who did not receive intervention.
The results suggested a less severe decline in oral nam-
ing abilities for untrained items in patients receiving the
multimodality approach, demonstrating the efficacy of
the therapy in attenuating the severity of progression of
language difficulties.

Moreover, Rogalski et al. [107] used a novel internet-based
multimodality programme that included impairment-based
approaches, participation-based approaches, ongoing disease
education, counselling and support in a group of 31 PPA pa-
tients. The results showed improvement only in oral naming
of trained items and a generalization effect on functional
communication measures. In addition, gains were main-
tained throughout 24 weeks of follow-up.

Another innovative anomia treatment combines re-
storative and compensatory approaches to improve defi-
cits and develop communication strategies to facilitate
daily life activities of patients, as has been described by
Cadodrio et al. [108]. This study showed an improvement
in oral naming of trained items in a patient with nf/
avPPA and an improvement in oral naming of untrained
items in a patient with mixed PPA, with gains main-
tained at the 4-week follow-up and generalization of
gains to quality of life.

Recently, Rebstock et al. [109] investigated the effects
of a multimodality treatment that combined semantic
treatment with a multimodal communication
programme in a single case of PPA. The results did not
show improvement in oral naming abilities but recorded
a slight improvement in switching between communica-
tion modality abilities and a significant enhancement in
communicative effectiveness. Despite the lack of evi-
dence of improvement in oral naming abilities, this pilot
study provides valuable information regarding the design
and implementation of a multimodal intervention for
subjects with PPA and suggests the importance of com-
munication strategy training directly for caregivers in
addition to combined treatment addressed to patients.

Summary

As shown by the above studies, the application of the
multimodality approach in patients with PPA does not
provide clear-cut results, perhaps due to the variability
of the treatments applied and/or the heterogeneity of
clinical profiles of participants. In this regard, only two
studies have reported an improvement in the naming of
trained items after multimodality stimulation treatment
[24, 107]. Likewise, only two of the four studies have
shown generalization to the naming of untrained stimuli
[106, 108]. Interestingly, three studies used functional
communication scales or quality-of-life questionnaires as
the measure of benefit generalization and reported
generalization on these secondary measures [107-109].
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Regarding long-term enhancement, only two studies pro-
vided follow-up assessments [107, 108], and both showed
maintenance of gains.

Discussion

This review provides a broad overview of the effective-
ness of language treatments in improving oral and writ-
ten naming in PPA patients. Specifically, we describe the
results arising from the application of these interven-
tions for each variant of PPA in terms of immediate ben-
efits on naming abilities, generalization and long-term
maintenance.

Treatment of anomia can be approached with various
types of integrative interventions. One well-investigated
form of language intervention for PPA is lexical retrieval
treatment [55]. Several treatment techniques are identi-
fied as lexical retrieval [25]; for this reason, it is used
flexibly in all variants of PPA. Phonological and ortho-
graphic treatment is most frequently dedicated to pa-
tients with a diagnosis of 1/phvPPA, while semantic
treatment is mostly applied to svPPA patients. Finally, a
number of studies have described the effects of applica-
tion of a multimodal approach on the rehabilitation of
anomia in PPA (Fig. 2).

Regardless of the variant of PPA, all types of language
treatment seem to show significant immediate posttreat-
ment gains in oral and/or written naming for trained
items, with no significant differences among types of
word class treated or among the modalities of adminis-
tration of the intervention (e.g., at-home, face-to-face by
clinicians or via telerehabilitation). Some studies
included in the present review have highlighted the
positive effects of telerehabilitation-based language treat-
ment in PPA, which is a treatment modality that could
also be useful to promote delivery of medical care during
a large-scale epidemic, such as the coronavirus disease
COVID-19 pandemic [121].

Regarding the immediate benefits for naming in PPA,
interventions to rehabilitate anomia deficits are useful in
patients with a speech disorder caused by a neurodegen-
erative disease.

Another crucial issue involves the generalization of
treatment benefits to untrained stimuli, one of the more
important issues in rehabilitation. Although the under-
lying causes of anomia are different, with the gradual
loss of semantic knowledge in svPPA and the alteration
of phonological processing in 1/phvPPA, lexical retrieval
training seems to be able to achieve generalized benefits
to untrained stimuli in both variants [77, 79, 80, 83, 84].
Moreover, it seems that using a combined semantic/
phonological cueing treatment in the context of
narrative discourse may further increase the possibility
of generalization of the results to untrained items in
patients with nf/avPPA [66]. Interestingly, phonological
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and orthographical treatment seems to induce
generalization effects to untrained stimuli in 1/phvPPA
patients [69-72, 86, 88], whereas semantic treatment
often shows generalization effects to untrained stimuli in
svPPA patients [67, 90, 92, 95, 97, 98, 102].

With respect to the possibility of eliciting
generalization to other language tasks by applying lan-
guage training in PPA, this result has been recorded
after the application of phonological or orthographic
treatment in patients with a diagnosis of svPPA and
1/phvPPA [70-72, 87] and after phonological treat-
ment in nf/avPPA patients [85]. Reacquired know-
ledge through semantic treatments relies on simple
links between a concept and its corresponding name,
which leads to item-specific gains. For this reason,
the possibilities of generalization in svPPA patients
seem to be limited [24]. Nonetheless, all studies that
considered a generalization effect to other language mea-
sures in svPPA have reported encouraging data following
semantic treatment [56, 67, 68, 73, 74, 89, 91, 93, 95, 98,
100-103].

Regarding the long-term maintenance of effects, lexical
retrieval treatment [65, 66, 76—84] and semantic treat-
ment [56, 61, 74, 89, 91-93, 95, 97-99, 101, 103, 105]
generally produce maintained effects over time without
differences between subtypes of PPA. In contrast, only
one study evaluated the maintenance of gains after
phonological and orthographic treatment in nf/avPPA,
svPPA and l/phvPPA and recorded improvement main-
tenance at follow-up only in svPPA patients [72]. More
studies are needed to confirm this finding.

Multimodality approaches have been less studied.
Current evidence shows that this rehabilitation strategy
has slight effects on naming, generalization and long-
term measures, probably due to the variability of the
treatments applied and/or the heterogeneity of the clin-
ical profile of the samples [106—109].

Current research suggests that pathophysiologically
targeted language treatment may be more successful
than a “one size fits all” approach [122]. Similarly, our
review suggests that factors that determine the choice of
a particular approach or strategy involve the compro-
mised components of the lexical/semantic processing
system, under the consideration of possible efficacy pre-
dictors [70, 123-125], generalization and long-term
maintenance of gains. An important question that
remains unanswered concerns the choice of the most
appropriate anomia training approach for each variant of
PPA. In this regard the studies reviewed suggest that lex-
ical retrieval treatment gives encouraging results when
applied to all the three PPA variants, phonological treat-
ment may offer gains when applied in patients with nf/
avPPA, phonological/orthographic  treatments are
promising in patients with 1/phvPPA, and semantic
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treatment appeared to be most beneficial for participants
with svPPA.

As recently reported, native language is relevant on
the phenotype and clinical presentation of PPA [126,
127]. The participants encompassed in this review in-
clude native English speakers with small exceptions
(e.g. one Persian individual [66], and one Norwegian-
English bilingual [70]). Bilingual aphasia literature has
shown language-dependent variation in recovery
[128-130]. Accordingly, it is conceivable that the
effects of the treatment in patients with PPA might
be influenced by the patient’s native language charac-
teristics (e.g. transparent/opaque orthography, high/
low inflected language) and by the specific difficulties
of each patient (e. g. dysprosody).

Substantial evidence has supported that language
treatment should begin as early as possible to maintain
the naming abilities [23].

Although the results of the present review are of con-
siderable interest, it is important to note some limita-
tions. First, the included studies had methodological
differences, such as heterogeneity of language treat-
ments, differences in the sample size and variability in
the outcome measures used.

Although the studies reviewed here focused on the en-
hancement of spoken and written naming abilities, the
selected studies have assessed naming of nouns, verbs or
adjectives, emphasizing the issue of selecting the most
suitable outcome measurements on the basis of the lan-
guage profile of the recruited PPA sample. Moreover,
these studies recruited patients at different disease
severity status. Taken together, these differences make it
difficult to compare the results of the studies and to
draw a clear-cut conclusion.

Moreover, most of the studies reviewed here employed
case series with a pre-post design, while only one study
was a controlled clinical trial. The results of randomized
controlled trials will hopefully provide better informa-
tion to guide future direction in rehabilitation. Further-
more, generalization of effects to untrained items and to
other language tasks and the long-term maintenance of
effects were not analysed in most of the included studies.
These limitations imply the need for further research to
investigate the effectiveness of different types of treat-
ment in patients with PPA.

Conclusions

Currently there are no curative treatments available for
PPA. Although there are no clear guidelines for language
treatment [23], a number of impairment-based ap-
proaches and compensatory strategies have been suc-
cessfully used in PPA patients. In addition, innovative
approaches, such as combination of non-invasive brain
stimulation techniques with speech-language therapy,
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have shown promising results in facilitating naming
abilities in PPA [2, 17, 21].

Our review indicates that language treatments aimed
for progressive naming difficulties appear to be an excel-
lent opportunity for intervention and should be viewed
as a necessary component of care for individuals with
PPA. Larger and more extensive clinical studies applying
language training, alone or in combination with neuro-
modulation [17, 21, 131], are warranted and should be
performed in future.

A multidisciplinary, person- and goal-centered approach
is desirable, which highlights the importance of collabor-
ation among professionals of different backgrounds in the

field of PPA, with the overall aim of maintaining daily life
functioning by improving the efficiency of treatment and
patient care [13, 23]. Yet, another challenge in neurode-
generative disease management is to guarantee the
continuity of care over time. In this regard telehealth-
delivered speech-language interventions provide new
opportunities for PPA patients who need intensive and
long-lasting interventions.
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