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Introduction
The effects of aphasia rehabilitation are often moderate, and there is a need to develop
strategies that promote larger and generalizable gains. Semantically-based therapy
produces generalization to untrained nouns (Boyle & Coelho, 1995), but this generalization is
not present in semantic verb treatments (Wambaugh et al., 2014). There are, however,
reports of improved production of untrained verbs during morphological treatment (Harris
et al., 2012), during simultaneous semantic and phonological cueing treatments that
included sentence completion with a verb (Wambaugh et al., 2002; Rose & Sussmilch, 2008)
and when verb production is trained in sentence context (Links et al., 2010).
In the current study we combine linguistically motivated therapy (Thompson & Shapiro,
2005) with transcranial direct current stimulation (tDCS). tDCS increases the effect size of
aphasia therapy and has resulted on a numeric (non-significant) increase in performance for
untreated nouns (Baker et al., 2010). Considering that tDCS has been shown to have task
dependent effects (Antal et al., 2004), it is relevant to further investigate how specific these
effects are, in particular, if they are also item specific.

Methods
Participants
In this study we included three patients with aphasia, who suffer from damage to the
phonological output lexicon and phonological output buffer. Mr. SP presents with an
additional impairment at the semantic level. Patients LF and SP demonstrate difficulties in
grammatical processing involving thematic role assignment, as well as knowledge (for SP)
and realization of predicate argument structure. All patients are right handed and have a left
hemisphere lesion following stroke.

Materials and procedure
Bi-cephalic tDCS was administered during the first 20 minutes of therapy using two 35cm2
electrodes, at 1mA. Electrode placement was individually determined after inspection of
each subject’s MRI scan, with the anode over left and the cathode over right hemisphere
areas. We used a randomized, double blind cross-over design. Each patient was treated in 2
phases (one with sham, and the other with real tDCS), each consisting of 2 weeks of daily 1131
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hour sessions. The behavioral treatment included two levels of the Italian ACTION (adapted
from Bastiaanse et al., 1997; see Links et al., 2010): sentence completion (in the first week of
each phase) and sentence construction (in the second week of each phase). Patients were
asked to produce the verb or sentence using the most frequent past, present and future
forms in Italian. Structured increasing cues were provided after lexical or morphological
errors.

Measures
Patients were assessed with three verb production tasks, each administered in three
sessions: sentence completion with a verb in the infinitive form (henceforth, VInfinitive), or
in a finite form (henceforth, VFinite) and sentence construction (henceforth, VSentence).
The overall lexical accuracy across the three days of testing was used to create a treatment
and a control set, balanced for 17 linguistic variables.
Changes to communication in daily living were measured using the CADL (Carlomagno et al.,
2013) and mood was monitored using Beck’s depression inventory (BDI, Beck, 1988). Nonword repetition from the B.A.D.A. (Miceli et al., 1994) and object naming (Laiacona et al.,
1993) were used as control tasks.

Results
Baseline behavior was stable for all patients. After sham stimulation + speech and language
therapy (SLT) (phase 1), Mr. GC improved for treated verbs in the following measures:
VInfinitive (GC: p=0.007), VFinite (p=0.041), VSentence (p=0.015) and in 3-day accuracy
(W=0, p=0.000). After tDCS + SLT (phase 2), GC improved in the same measures as after
phase 1 (respectively, p=0.002; p=0.008; p=0.043; W=0, p=0.000).
After sham + SLP (phase 1) Mr. LF improved in VFinite (p=0.007), VSentence (p=0.007) and in
3-day accuracy (W=0, p=0.000). After tDCS + SLT (phase 2), he improved in the same
measures (respectively, p=0.006; p=0.04; W=0, p=0.000) and additionally, in VInfinitive
(p=0.009).
Mr. SP improved after tDCS + SLT (phase 1) on treated verbs, VInfinitive (p=0.004), VFinite
(p=0.023), VSentence (p=0.013) and in 3-day accuracy for treated (W=0, p=0.000) and
untreated verbs (W=0, p=0.047). Following sham + SLT (phase 2), improvement was
restricted to 3-day accuracy (p=0.009), for treated verbs. Figure 1 illustrates the changes
observed for each patient in 3-day lexical accuracy, during the two treatment phases.
Figure 1. Effects of treatment in 3-day lexical accuracy
[insert Figure 1]
The percent of change in 3-day lexical accuracy for trained items was relatively higher after
tDCS than after sham (GC: sham=40% and tDCS=53%; LF: sham=35% and tDCS=48%); SP:
sham=18% and tDCS=41.6%). Generalization to untreated verbs occurred only in phase 1, for
the three patients, and was characterized by an increase in 3-day lexical accuracy (GC: W=0,
p=0.025; LF: W=0, p=0.008; SP: W=0, p=0.047). None of the patients showed significant
changes in the control measures, BDI or CADL.
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Discussion and conclusion
The Italian ACTION was successfully used to improve verb and sentence production for
treated and untreated items. Improvement for untreated items occurred only in the first
phase, possibly indicating that the potential to improve production of untreated items may
depend on separate mechanisms. Generalization may result from task practice (familiarity
with a sequence of cognitive processes) and effects on trained items may results from item
practice (more accessible representations of specific lexical units) (Basso et al., 2013).
All participants showed larger improvement for treated items after tDCS than after sham.
This suggests that the learning mechanisms facilitated by tDCS may be particularly beneficial
to trained items. Expanding our study to a larger sample will help disentangle the effects of
the order of experimental conditions (sham first vs tDCS first) from the effects of stimulation
types (sham + SLT vs. tDCS + SLT). This will lead to a better understanding of the mechanisms
underlying aphasia recovery, as well as of the role of tDCS as an adjuvant treatment tool.
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Figure 1. Effects of treatment in 3-day lexical accuracy based on three verb production tasks
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