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Abstract

Functional imaging studies with nonfluent aphasia patients have observed “over-activation’ in right (R) language homologues.
This may represent a maladaptive strategy; suppression may result in language improvement. We applied slow, 1 Hz repetitive trans-
cranial magnetic stimulation (rTMS) to an anterior portion of R Broca’s homologue daily, for 10 days in four aphasia patients who
were 5-11 years poststroke. Significant improvement was observed in picture naming at 2 months post-rTMS, with lasting benefit at
8 months in three patients. This preliminary, open trial suggests that rTMS may provide a novel treatment approach for aphasia by
possibly modulating the distributed, bi-hemispheric language network.

Published by Elsevier Inc.
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1. Introduction

Brain re-organization for language recovery after left
hemisphere (LH) stroke in patients with aphasia remains
unknown. Evidence suggesting a right hemisphere (RH)
role dates back to the late 1800s (Barlow, 1877; Gowers,
1886). Nearly a century later, this was further supported
by amobarbital studies with aphasia patients where
injection into the R carotid produced speech arrest in
most patients, whereas injection into the left side pro-
duced almost no alteration on aphasic speech (Czopf,
1972; Kinsbourne, 1971). More recently, Basso, Gard-
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elli, Grassi, and Mariotti (1989) reported that patients
who had partially recovered from aphasia after LH le-
sion showed worsening of language functions after sub-
sequent RH lesion.

Some studies have suggested that both RH and LH
participation is beneficial in aphasia recovery. In func-
tional imaging studies with Wernicke’s aphasia patients,
increased activation in the right posterior superior tem-
poral gyrus region (and some remaining LH language
areas) has been associated with improvement (Musso
et al., 1999; Weiller et al., 1995). Areas of RH activation
during language tasks may be limited to homologous
areas that were damaged in the LH (Calvert et al.,
2000; Lazar et al., 2000; Thulborn, Carpenter, & Just,
1999). Kim, Ko, Parrish, and Kim (2002) have suggested
that right frontal reorganization may depend on intact
left basal ganglia. Other studies have suggested that
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RH participation is present when there is greater dam-
age to LH language areas (Cao, Vikingstad, George,
Johnson, & Welch, 1999; Demeurisse & Capon, 1987,
Heiss et al., 1997; Heiss, Kessler, Thiel, Ghaemi, &
Karbe, 1999; Karbe, Thiel, & Weber-Luxenburger,
1998, 1998a). The latter authors have observed that pa-
tients with better overall recovery had higher activation
in the L superior temporal gyrus area (and the L SMA).
Warburton, Price, and Swinburn (1999) and Miura,
Nakamura, and Miura (1999) have observed better
recovery to be associated with LH activation. Several
functional imaging studies have observed new LH acti-
vation to be associated with language improvement fol-
lowing speech therapy (Cornelissen et al., 2003; Leger,
Demonet, & Ruff, 2002; Musso et al., 1999; Small, Flo-
res, & Noll, 1998).

Functional imaging studies where only nonfluent
aphasia patients were examined have observed unusu-
ally high activation levels in R perisylvian language
homologues during various language tasks (Belin
et al., 1996; Naeser et al., 2004; Rosen et al., 2000).
Belin et al. (1996) reported significant increases in
the R sensorimotor mouth region, R prefrontal, R
Wernicke’s, and R anterior superior temporal gyrus
during overt, nonfluent bisyllabic single word repeti-
tion (versus hearing words) in seven chronic, nonfluent
aphasia patients. A significant decrease in L Broca’s
area was also observed. Rosen et al. (2000) reported
a stronger-than-normal response in the R inferior fron-
tal gyrus region during overt (PET) and covert (fMRI)
word stem completion tasks with 6 stroke patients who
had L inferior frontal gyrus lesions, who were studied
at least 6 months poststroke onset (MPO). Naeser
et al. (2004) observed a significant increase in R senso-
rimotor mouth and R supplementary motor area
(SMA) during overt propositional speech in four non-
fluent aphasia patients, who were studied 4-9 years
poststroke.

Whether R hemisphere activation observed during
functional imaging in nonfluent aphasia patients is
beneficial or maladaptive remains to be clarified. Belin
et al. (1996) have suggested that increased, abnormal
activation patterns in the lesioned brain may not nec-
essarily be related to recovery. The increased activa-
tion may be a marker of failed or faulty recovery
attempts in the sense of maladaptive plasticity or the
breakdown of normal inter-hemispheric control within
a distributed neural network for a language task. High
RH activation is not necessarily correlated with im-
proved language performance (Naeser et al., 2004;
Perani et al., 2003; Rosen et al., 2000). Rosen et al.
(2000) concluded that *...the anomalous R frontal re-
sponse after L frontal damage may reflect the loss of
active inhibition or competitive interaction from the
homologous L frontal area, or an inefficient ‘dead-
end’ strategy.”

1.1. Transcranial magnetic stimulation

Repetitive  transcranial magnetic  stimulation
(rTMS) of appropriate frequency, intensity and dura-
tion can lead to transient increases or decreases in
excitability of the targeted cortex that last beyond
the duration of the rTMS train itself (Pascual-Leone
et al., 1998). Slow (1 Hz) rTMS has been shown to
decrease cortical excitability in humans (Chen et al.,
1997; Maeda, Keenan, Tormos, Topka, & Pascual-
Leone, 2000). Slow, 1 Hz rTMS applied to the motor
cortex can give rise to a lasting decrease in cortico-
spinal excitability primarily by affecting intracortical
facilitation (Romero, Anshel, Sparing, Gangitano, &
Pascual-Leone, 2002). Applied to other cortical re-
gions, slow rTMS appears to similarly decrease excit-
ability in the targeted cortical region leading to
measurable behavioral effects (Hilgetag, Theoret, &
Pascual-Leone, 2001; Kosslyn et al., 1999; Mottaghy,
Gangitano, Sparing, Krause, & Pascual-Leone, 2002;
Robertson, Tormos, Maeda, & Pascual-Leone, 2001;
Theoret, Haque, & Pascual-Leone, 2001). Conversely,
fast rTMS (5, 10 or 20 Hz) can induce a transient in-
crease in cortical excitability (Berardelli et al., 1998;
Pascual-Leone, Valls-Sole, Wassermann, & Hallett,
1994).

The possibility of modulating cortical excitability
with rTMS has generated trials applying rTMS to treat
various neuropsychiatric conditions. The hypothesis
underlying most studies is that modulation of cortical
excitability in cortical areas of dysfunction (as evi-
denced by functional neuroimaging) may result in clin-
ical benefit (George & Bellmaker, 2000; Pascual-Leone
et al., 1998). For example, slow, 1 Hz rTMS has been
studied to treat schizophrenia (Klein et al., 1999);
depression (Klein et al., 1999a); and epilepsy (Tassinari,
Cincotta, Zaccara, & Michelucci, 2003; Tergau, Nau-
mann, Paulus, & Steinhoff, 1999), to name a few. Slow,
1 Hz rTMS appears capable of normalizing abnormally
enhanced motor cortical excitability in some patients
with dystonia, and has led to symptomatic improve-
ment for hours to days (Siebner et al., 1999). In RH
stroke patients who have left-sided neglect, slow, 1 Hz
rTMS has been applied to the posterior parietal areca
in the undamaged LH. A significant reduction in the
severity of neglect was observed for 2 weeks, following
seven treatments over a 2-week period (900, 1-Hz
pulses, 90% of motor threshold) (Brighina et al.,
2003). Similar improvement in neglect has been ob-
served in other rTMS studies with these patients (Hilge-
tag et al., 2001; Oliveri et al., 1999). Repetitive TMS has
an effect on language, ranging from facilitation of nam-
ing (Mottaghy et al., 1999) to speech arrest (Epstein
et al., 1999; Pascual-Leone, Gates, & Dhuna, 1991)
depending on rTMS parameters and location of the
coil.
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1.2. Transcranial magnetic stimulation in aphasia

We have observed that application of slow, 1 Hz
rTMS for 10 min to an anterior portion of R Broca’s
homologue in stroke patients with chronic, nonfluent
aphasia results acutely in a significant increase in ability
to name pictures, and a significant decrease in reaction
time (Naeser et al., 2002). In that study, we observed
that precise placement of the TMS coil (within 1 or
2 cm) within R Broca’s homologue was important, and
could produce significantly different effects on naming.
That study is reviewed briefly.

Broca’s region in the LH is classically defined as the
foot of the third frontal convolution (Broca, 1861). In
the left inferior frontal gyrus, this region includes the
pars triangularis (anterior portion of Broca’s area),
and the pars opercularis (posterior portion of Broca’s
area). These two areas are often referred to in cytoarchi-
tectonic studies as Brodmann areas (BA) 45 and 44,
respectively, although cytoarchitectonic borders do not
consistently coincide with sulcal contours (Amunts
et al., 1999). These two areas in the inferior frontal gyrus
are anatomically separated by the anterior, vertical
(ascending) ramus of the Sylvian fissure. See Devlin,
Matthews, and Rushworth (2003) for review.

In our previous rTMS study with six aphasia patients,
we studied the effect of slow, 1 Hz rTMS for 10 min (600
pulses at 90% motor threshold) to suppress activity in
each of four different cortical areas in the RH perisylvian
region (homologous language areas). A figure-8 shaped
r'TMS coil was used with a 7 cm outside diameter on each
wing. The approximate size of cortical area stimulated
was | cm x 1 cm. Our targeted areas included: (1) an ante-
rior portion of R Broca’s homologue where the coil was
placed over a gyrus immediately rostral to the anterior,
(vertical) ascending ramus of the Sylvian fissure (referred
to as pars triangularis in our studies); (2) a posterior por-
tion of R Broca’s homologue where the coil was placed
over a caudal gyrus of the pars opercularis, near the junc-
tion with the inferior premotor cortex (referred to as pars
opercularis in our studies); (3) the posterior, superior
temporal gyrus area (right Wernicke’s homologue re-
gion); and (4) the right motor cortex, mouth area.

A frameless stereotactic system was used with each
patient’s three-dimensional magnetization prepared ra-
pid gradient echo (3D MPRAGE) MRI scan to guide
coil placement onto the targeted cortical area (Brain-
sight, Rogue Industries, Montreal) during each session.
Application of rTMS to the R pars opercularis area sig-
nificantly decreased the number of pictures named, rela-
tive to baseline, and the reaction times were increased.
Application of rTMS to the R pars triangularis area,
however, was associated with a significant increase in
picture naming, and a significant decrease in reaction
time. The R pars triangularis was the only area associ-
ated with significant improvement in naming, following

a 10-min rTMS treatment (Naeser et al., 2002). The im-
proved naming immediately after rTMS application to
this area was only temporary, however, lasting less than
a half hour.

The purpose of the present open, pilot study was to
investigate whether application of slow rTMS to this
anterior portion of R Broca’s homologue (R pars triang-
ularis) for 20 min a day (1200, 1-Hz pulses), 5 days a week
for 2 weeks, is safe; and whether it is associated with sig-
nificantly improved picture naming in chronic aphasia
patients over a longer period of time post-rTMS, up to
two months or more. Our underlying hypothesis was that
slow, 1 Hz rTMS would induce inhibition at the site of
stimulation, and thus reduce the relative hyperactivity
of the healthy, unaffected RH, as observed in previous
functional imaging studies with chronic, nonfluent apha-
sia patients reviewed above (Belin et al., 1996; Naeser et
al., 2004; Rosen et al., 2000). It was further hypothesized
that suppression of R pars triangularis would have a ben-
eficial effect on the more widespread, bi-hemispheric neu-
ral network for naming, affecting other LH and RH
regions important for naming, primarily temporal and
parietal areas (Bookheimer, Zeffiro, Blaxton, Baillard,
& Theodore, 1995; Damasio, Grabowski, Tranel, Hic-
hwa, & Damasio, 1996; Friston, Frith, Liddle, & Frac-
kowiak, 1991; Gold & Buckner, 2002; Price,
Warburton, Moore, Frackowiak, & Friston, 2001).

2. Methods
2.1. Patients

Four right-handed, chronic aphasia patients partici-
pated, at 5-11 years post-L middle cerebral artery
stroke. Patient 1 (P1) had recovered from nonfluent Bro-
ca’s aphasia to anomic/conduction aphasia; he had no R
hemiparesis. Patients P2 and P3 had mild and moderate
nonfluent Broca’s aphasia; and P4, severe nonfluent,
global aphasia. Patient 2 had R hemiparesis; P3 and
P4, R hemiplegia. The patients did not receive any indi-
vidualized speech therapy during the study.

2.2. Standardized language testing (primary outcome
measures )

Within 1-2 weeks before the first rTMS treatment,
patients were tested with the first 20 items of the Boston
Naming Test (Kaplan, Goodglass, & Weintraub, 2001)
and parts of the Boston Diagnostic Aphasia Exam
(BDAE) (Goodglass, Kaplan, & Barresi, 2001), and
again at 2 months and 8 months post- the 10th rTMS
treatment. Table 1. Abbreviated forms of each test were
used in order to limit the testing sessions to one hour.
The subtests administered on the BDAE were as fol-
lows: spontaneous speech (cookie theft picture descrip-
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Table 1

Primary outcome measures, Boston Naming Test (BNT) and Boston Diagnostic Aphasia Exam (BDAE, 3rd. ed.) scores for each aphasia patient,

pre-r'TMS and at 2 months and 8 months post-rTMS

Patient Pl
Aphasia type Recovered Broca anomic/conduction
Age (years), sex 52, M
Years poststroke at entry testing 5
BNT scores
First 20 items (max = 20)
Pre 13
Post-2 months 15
Post-8 months 17
BDAE scores
Longest number of words per phrase length (max = 7)
Pre 7
Post-2 months 7
Post-8 months 7

Articulatory agility (max = 7)

Pre 6.5
Post-2 months 6
Post-8 months 6
Repetition of single words (max = 10)
Pre 7
Post-2 months 8
Post-8 months 8

Repetition of sentences (max = 10)

Pre 2
Post-2 months 1
Post-8 months 2
Comprehension of single words (max = 37)
Pre 32.5
Post-2 months 31.5
Post-8 months 29.5
Commands (max = 15)
Pre 9
Post-2 months 8
Post-8 months 10

P2 P3 P4
Mild nonfluent Moderate nonfluent Severe nonfluent/global
58, M 53, M 57, F
10 11 7
11 4 4
14 6 7
17 4 12
3 1 1
5 3 1
4 1 1
5 2 3
5 3 3
5 2.5 3
9 2 4
7 3 4
9 3 3
2 0 0
2 0 0
4 0 0
30 34 26.5
32.5 27 27
34 33 30
12 13 3
15 12 6
13 12 4

tion, where articulatory agility, phrase length, grammat-
ical form, melodic line, paraphasia in running speech,
and word finding relative to fluency were rated); audi-
tory comprehension (word comprehension, commands,
and complex ideational material); repetition (single
words and sentences); naming screening of special cate-
gories (letters, numbers, and colors); and naming in cat-
egories (colors, actions, animals, and tools/implements).
Patients had to be able to name a minimum of 3 pictures
on the first 20 items of the BNT, to qualify for entry into
the study. These BNT and BDAE data were the primary
outcome measures in the study.

2.3. Snodgrass and Vanderwart picture naming (baseline,
and immediate pre- and post-rTMS treatment measures)

Five naming lists (100 pictures) were generated from
the standardized set of 260 pictures from Snodgrass and
Vanderwart (1980). Each list consisted of 20 pictures.

Each of these five lists (Lists A—E) was controlled for fre-
quency and visual complexity. All words were only 1-2
syllables in length; most words were monosyllabic (e.g.,
bow, church, and hand). Each list contained items from
a variety of separate semantic categories (animals, food,
body parts, and furniture, etc.). No two sequential words
within a list belonged to the same semantic category or
had the same initial phoneme. An additional list was used
to train the subject to the task. All lists were matched for
difficulty in pilot testing on normal subjects (overall mean
reaction time = 1116.8 ms; SD = 362.5); there were no
significant differences among the five lists. Five additional
internal randomizations were also prepared (List A1-A6
and List B1-B6, etc.), used for later testing.

Each list was administered to the subject using a lap-
top computer. Each picture was on the screen for 10 s,
with a | s inter stimulus interval (ISI) between pictures.
Each picture was preceded by a fixation dot and a 120
ms duration tone beep. Subjects were asked to name
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the picture as soon as possible, after it was shown. The
tone beep and the subject’s tape-recorded responses were
digitized, and SoundEdit software was used to deter-
mine the reaction time (RT) for each response. The vi-
sual waveform on the monitor was used to measure
the RT from onset of the picture to the onset of the cor-
rect name, while ignoring intermediate responses. The
RT to the correct response was verified by auditory
monitoring.

Within 1-2 weeks before the Ist rTMS treatment,
an overall Snodgrass and Vanderwart (S&V) Baseline
Naming Ability for each patient was obtained. Each
list (A—E) was administered only once to establish an
overall S&V Baseline Naming for each patient. This
overall S&V Baseline Naming for each patient was
measured in two ways: (1) total number of pictures
named correctly and (2) RT (using SoundEdit soft-
ware). In order to qualify for entry into the study, a
patient had to be able to name an average of at least
three pictures per list, across the five lists (i.e., for en-

try, an overall S&V Baseline Naming of three was
required).

One of the Lists A-E (selected from one of the six dif-
ferent randomizations within each list, List A1-A6 and
List B1-B6, etc.) was administered immediately before
and immediately after the lst and 10th rTMS treat-
ments. A different list was used for each of these tests.
Pilot testing demonstrated that learning and priming ef-
fects on response times for the tasks are negligible even
with repeated exposure to the items, given the large
number of different pictures presented, the lack of feed-
back on performance, and the long time interval be-
tween testing sessions. Thus, the S&V naming data
provided information on naming ability and reaction
time pre-rTMS, as well as immediately post-rTMS
(within 10 min) following the 10th rTMS treatment.
These data were acquired immediately following the
10th rTMS treatment, to test whether there was any
change in naming ability (and RT), as well as to address
whether any negative side effects might be present fol-

Fig. 1. T1-weighted structural MRI scans for each chronic aphasia patient, 5-11 years poststroke, showing L hemisphere lesion. The L and R lateral
views are reconstructed from a 3D MPRAGE MRI scan. The white triangle in R Broca’s homologue marks the area of cortex that was suppressed
with 1 Hz rTMS during each 20-min treatment session. This area was immediately rostral to the vertical (ascending) ramus of the Sylvian fissure.
Patients P1-P3 had some lesion in L Broca’s cortical area (pars triangularis and pars opercularis), however, the most severe patient, P4, with
subcortical lesion only, did not. She had extensive lesion present in the two white matter areas near ventricle, compatible with severe nonfluent
speech: (1) the medial subcallosal fasciculus, deep to Broca’s area adjacent to the L frontal horn (vertical arrows); plus (2) the periventricular white
matter, located deep to sensorimotor cortex, adjacent to the L body of lateral ventricle (horizontal arrow). See text for pathways in these areas. The
mild and moderate nonfluent patients (P2 and P3) also had some lesion in these two, deep white matter areas. The recovered Broca’s aphasia patient,

P1, had almost no lesion in these two areas.
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lowing 10 rTMS treatments in this stroke patient
population.

2.4. Patient left hemisphere lesion descriptions

Patients P1-P3 each had L hemisphere lesion that in-
cluded L cortical Broca’s area (pars triangularis and
pars opercularis) and white matter deep to it (Fig. 1).
The most severe patient, P4, had no lesion in Broca’s
cortical area but only subcortical lesion, secondary to
a basal ganglia bleed. She had extensive lesion in two
deep, white matter areas near ventricle, compatible with
severe nonfluent speech (Fig. 1, see arrows). These areas
included: (1) medial subcallosal fasciculus, located deep
to Broca’s area, adjacent to L frontal horn (affecting
pathways from SMA and cingulate BA 24 to head of
caudate); and (2) periventricular white matter, located
deep to sensorimotor cortex, adjacent to the L body of
lateral ventricle (affecting sensorimotor pathways
deep to mouth, inter- and intra-hemispheric pathways
including in part, limbic and motor thalamo-cortical
pathways) (Naeser, Palumbo, Helm-Estabrooks, Sti-
assny-Eder, & Albert, 1989). This study was approved
by the Institutional Review Boards at all hospitals
where the authors are affiliated and signed informed
consent was obtained.

2.5. rTMS treatment procedure

Patients received daily rTMS treatments, 5 days a
week for 2 weeks (10 treatments). The targeted anterior
part of R Broca’s homologue for rTMS was the same as
that labeled pars triangularis in our previous study
(Naeser et al., 2002). This area was chosen based on
prior results from that study. The coil was placed over
a gyrus immediately rostral to the anterior, (vertical)
ascending ramus of the Sylvian fissure. This area is
marked on the right lateral composite image for each
patient, as shown in Fig. 1. This area was identified on
each patient’s 3D MPRAGE MRI scan. On each day
of treatment, rTMS was applied at 1 Hz frequency for
20 min (1200 pulses) at 90% of motor threshold (left,
first dorsal interosseus muscle), using a Super-Rapid
High Frequency MagStim Magnetic Stimulator and a
figure 8-shaped coil (MagStim, NY). Each wing of the
commercially available coil measured 7 cm in diameter.
Mathematical models suggest that when rTMS is ap-
plied tangentially to the scalp at perithreshold intensity,
this coil affects a volume of approximately 1 cc of cortex
(Roth, Saypol, Hallett, & Cohen, 1991). A frameless ste-
reotaxic system (Brainsight, Rogue Industries, Mon-
treal) guided the position of the TMS coil on the
patient’s scalp. On-line monitoring allowed documenta-
tion of accurate targeting of the specified brain area
throughout the rTMS session, and from day-to-day,
see Fig. 2. Coil orientation was also monitored with Bra-

Fig. 2. Illustration showing the TMS equipment and treatment
procedure. An infrared camera is used to detect the position of the
TMS coil. The 3D MPRAGE MRI scan of the participant is shown on
a laptop computer used to guide positioning of the TMS coil directly
over the targeted cortical region of interest (Brainsight, Rogue
Industries, Montreal, Que.). The figure 8-shaped TMS coil is placed
on the participant’s scalp to affect brain cortex (approximately
1 cm x 1 cm) directly beneath the center of the coil.

insight and it was held constant across sessions and pa-
tients, at approximately 45°.

Our rTMS parameters of 1 Hz, 1200 pulses (20 min)
at 90% of motor threshold for each of 10 treatments
over a 2-week period, are similar parameters to those
used in various studies where multiple rTMS treatments
were given over time, to help treat depression (Kauff-
man, Cheema, & Miller, 2004; Klein et al., 1999; Pad-
berg et al., 1999). No negative side effects have been
reported with these parameters.

3. Results

3.1. Snodgrass and Vanderwart picture naming (baseline,
and immediate pre- and post-rTMS treatment measures)

On a 20-item Snodgrass and Vanderwart list adminis-
tered immediately following the 10th rTMS treatment,
the patients named significantly more pictures than at
pre-r'TMS/overall S&V Baseline Naming (pre-rTMS
mean = 8.1, SD =4.2; post-rTMS mean =11.5, SD =
4.7; and t=9.054, p = .0028, two-tailed). The patients
also significantly reduced their reaction time to name
these pictures (pre-rTMS mean = 3630.5 ms, SD =
267.1; post-rTMS mean = 2856.5 ms, SD = 305.6; and
t =3.48, p = .04, two-tailed). These effects were consis-
tent in all patients; each showed the same behavioral
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Number of Snodgrass & Vanderwart Pictures
Correctly Named at Baseline and Immediately

Following the 10th rTMS Treatment
(maximum=20)

Number of Pictures Correctly Named
_
>

P1 P2 P3 P4

Reaction Time in Milliseconds

101

Reaction Time to Name Snodgrass &
Vanderwart Pictures at Baseline and
Immediately Following
the 10th rTMS Treatment

4000
3800 4
3600 4
3400 4
3200 4
3000 4
2800 4
2600 -
2400 -
2200 4
2000

P1 P2 P3 P4

Fig. 3. Graphs showing an increase in the number of pictures named correctly (and a decrease in reaction time) on a randomized list of 20 Snodgrass
and Vanderwart pictures shown immediately following the 10th rTMS treatment (black bars), compared to the pre-rTMS/overall S&V Baseline
Naming (white bars), for each patient. Each patient showed the same pattern of improvement post-rTMS, despite differences in severity of
performance at pre-rTMS/Baseline—i.e., an increase in the number of pictures correctly named (p = .0028, two-tailed), and a decrease in reaction

time (p = .04, two-tailed).

changes despite initial differences in overall S&V Base-
line Naming (Fig. 3).

3.2. Standardized language testing (primary outcome
measures)

A series of univariate one-way repeated measures
analyses of variances were conducted for the various
language assessments with time of testing (pre-rTMS;
post-2 weeks; 2 months; and 8 months) as the repeated
measure. We found a significant main effect of testing
time on the first 20 items on the BNT (f'=5.69;
df=3,9; and p = .018) and the BDAE subtests Animal
Naming (f = 4.67; df = 3,9; and p = .03) and Tools/Im-
plements Naming (f=7.39; df=3,9; and p=.008).
Subsequent to the ANOVA, comparisons of individual
means were carried out using the Newman—Keuls cor-
rection procedure.

Table 2 shows significant improvement in naming on
standardized tests (relative to pre-rTMS testing) at spec-
ified testing times post-rTMS. At 2 weeks, there was sig-
nificant improvement on the BDAE subtest, Animal
Naming (p =.02). At 2 months, there was significant
improvement on three naming tests: (1) BNT (first 20
items) (p =.003); (2) BDAE subtest, Animal Naming
(p =.02); and (3) BDAE subtest, Tools/Implements
(p = .04). At 8 months, all three naming scores contin-
ued to improve relative to pre-rTMS, but only Tools/
Implements was significant (p = .003). BNT and Animal
Naming failed to reach significance because of P3 (Fig.
4). There were no other significant changes.

Improvement was also observed in number of words
per longest phrase length in elicited, propositional
speech for two of the three nonfluent patients when
tested with the BDAE at 2 months post-rTMS. Table
1 shows that P2 (mild nonfluent speech) increased from
a three-word phrase length, to a five-word phrase length

Table 2

Significance levels for changes in naming scores on three standardized
language tests at pre-rTMS, versus 2 weeks, 2 months, and 8 months
post-rTMS for the four chronic aphasia patients

Pre-rTMS  Two weeks  Two months  Eight months
post-rTMS  post-rTMS post-rTMS
Boston Naming Test
First 20 items
Mean 8 8.5 10.5 12.5
SD 4.69 4.66 4.66 6.14
t=1.732 t =8.66 t=2.635
p=.18 p=.003 p=.08
Boston Diagnostic Aphasia Exam
Animals
Mean  3.75 5 5 7.5
SD 3.86 3.92 4.32 4.44
t=5.00 t=5.00 t=2.6l11
p=.02 p=.02 p=.08
Boston Diagnostic Aphasia Exam
Tools/implements
Mean 3.25 3.5 6 5.75
SD 1.89 2.38 2.94 1.71
t=.397 t=13.67 t=8.66
p=.72 p=.04 p=.003

when describing the BDAE cookie theft picture; and P3
(moderate nonfluent) increased from a one-word phrase
length, to a three-word phrase length. This increase was
not sustained, however, at 8 months post-rTMS.

4. Discussion

This is the first study to report lasting, improved
naming at 2 months and 8 months following application
of r'TMS in chronic aphasia. The application of 1 Hz
rTMS to a portion of R Broca’s homologue resulted in
significant improvement in naming pictures on the
BNT, and in Animals and Tools/Implements subtests
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Fig. 4. Naming scores on three standardized language tests pre-rTMS, and at 2 weeks, 2 months, and 8 months after 10 rTMS treatments, for each
patient. There was significant improvement on all three naming tests at 2 months post-rTMS (Table 2). Each patient showed improvement over time;
and P4, the most severe patient with global aphasia, showed the most dramatic improvement, especially at 8§ months post-rTMS.

on the BDAE at 2 months after 10 rTMS treatments. At
8 months after rTMS, there was a significant increase for
naming Tools/Implements, and a trend toward signifi-
cant increase on the BNT, and on Animal Naming on
the BDAE (p = .08). Three of the four patients demon-
strated additional improved scores on these three nam-
ing tests at 8 months.

Improvement was also observed in number of words
per longest phrase length in elicited, propositional
speech for two of the three nonfluent patients when
tested with the BDAE at 2 months post-rTMS. The
improvements observed in picture naming and phrase
length at 2 months post-rTMS suggest that the 2-month
period following a series of rTMS treatments might be
an optimum time to provide speech therapy for these pa-
tients, in order to promote better potential for language
improvement.

The sustained improvement for naming, in three of
the four patients at 8 months after rTMS suggests that
long-term brain re-organization may be taking place
or that the rTMS led to a behaviorally beneficial change
in speech strategy in our patients. It is unlikely the pa-
tients” improved naming scores are related to their hav-
ing learned the test items, although for some patients
this is possible. However, test-retest reliability for pic-
ture naming tasks has been shown to be good over re-
peated test administrations, and practice effects are
minimal (Flanagan & Jackson, 1997; Huff, Collins, Cor-
kin, & Rosen, 1986). In a study performed several years
ago, Brookshire (1971) observed that repeated trials of

naming tests did not result in improved naming perfor-
mance in patients with aphasia. Our patients were not
provided feedback on the BNT, BDAE naming subtests,
or the Snodgrass and Vanderwart pictures used in this
rTMS study.

Nevertheless, our results should be considered preli-
minary, as this was an open-protocol study, and no pa-
tients received sham rTMS. All patients were in the
chronic, stable phase of aphasia, however, and were well
beyond the spontaneous recovery period of 3—6 months
poststroke (Demeurisse & Capon, 1987). The improve-
ments in the severe aphasia patient (P4) are particularly
striking because global aphasia patients are expected to
have the least potential for improvement (Rosenbek,
LaPointe, & Wertz, 1989) and are among the most diffi-
cult to treat (Helm-Estabrooks & Albert, 2004, chap. 23;
Kertesz & McCabe, 1977; Sarno & Levita, 1981).

4.1. Role of Broca’s area in a neural network for
semantic tasks

The participation of Broca’s area (pars triangularis
and pars opercularis portion of L inferior prefrontal
cortex, L IPC) along with posterior temporal lobe struc-
tures has been observed in semantic tasks during func-
tional imaging with normals (Gold & Buckner, 2002),
as well as aphasia patients (Price et al., 2001). Studies
have also demonstrated that L IPC is important for
selection of competing semantic knowledge (Gabrieli,
Poldrack, & Desmond, 1998; Gold & Buckner, 2002).
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Thompson-Schill et al. (1998) observed that among
aphasia patients with lesion that included the L inferior
frontal gyrus (L IFG), there was a direct correlation be-
tween extent of lesion within L BA 44, and selection-re-
lated errors on a task requiring the subject to generate a
verb for a written noun. In word-stem completion tasks,
aphasia patients with L IFG lesions have been observed
to primarily shift activation to the R hemisphere (R
IFG, R fusiform, and R lateral occipital cortex) with im-
proved modulation (decreased response) in R-sided
structures as performance improved with practice (Blasi
et al., 2002).

We hypothesize that in the present study, application
of 1 Hz rTMS to an anterior portion of R Broca’s
homologue (R pars triangularis) suppressed this area.
We posit that suppression of the R pars triangularis
modulated the prefrontal/temporo-parietal connections
important for picture naming. It is likely that suppres-
sion of R pars triangularis in these patients promoted
better modulation in the RH, as well as remaining LH
temporo-parietal language structures important for
naming (Bookheimer et al., 1995; Damasio et al.,
1996; Friston et al., 1991; Gold & Buckner, 2002; Price
et al., 2001). Previous functional imaging studies per-
formed before and after speech therapy, have suggested
that new LH activation may be particularly important
where good response has been observed (Cornelissen
et al., 2003; Leger et al., 2002; Musso et al., 1999; Small
et al., 1998). Functional imaging studies performed pre-
and post- a series of rTMS treatments would be neces-
sary to better understand possible changes in the
bi-hemispheric neural network for naming, post-rTMS.
The relative contribution of the LH and/or RH in apha-
sia recovery is unknown, and functional imaging studies
remain necessary.

While it may seem paradoxical to suggest that pro-
moting inhibition in a RH language homologue (ante-
rior portion of R Broca’s area, R pars triangularis)
would promote improved naming ability or improved
speech, there are animal studies and some human case
reports which suggest that direct or indirect neural
“damage” to specific areas in the central nervous sys-
tem may result in facilitation of behavioral functions
(reviewed in Kapur, 1996). Kapur has labeled this phe-
nomenon ‘‘paradoxical functional facilitation (PFF).”
PFF is known as the “Sprague effect” in animal studies.
For example, new collicular lesions may bring about an
improvement in visual functioning following an initial
occipital lesion. In humans, there are case studies
whereby ambidextrous adults who had stuttered since
childhood no longer stuttered, following unilateral
brain damage in adulthood (e.g., stroke or head injury),
even as soon as 10 days postonset (Helm-Estabrooks,
Yeo, Geschwind, Freedman, & Weinstein, 1986). Vuil-
leumier, Hester, Assal, and Regli (1996) reported the
disappearance of left-sided unilateral neglect, brought

on by a right parietal infarct, after the occurrence of
a new lesion in the area of the left frontal eye field. Hil-
getag et al. (2001) applied rTMS to the parietal cortex
to demonstrate a similar, paradoxical improvement of
attention to ipsilateral targets, and Oliveri et al.
(1999) and Brighina et al. (2003) have shown that
TMS applied to the healthy hemisphere can reduce
hemispatial neglect following a right hemispheric
stroke.

5. Conclusions

TMS may provide a novel treatment approach for
aphasia. Our results in this open trial support conduct-
ing a sham rTMS controlled trial, with overt naming
fMRI before, and following a series of rTMS treat-
ments. In addition, a future study should include multi-
ple baseline language testing pre-rTMS, as well as some
repeated testing within the post-rTMS testing periods.
Importantly, none of our patients had any undesirable
side-effects in the present study, thus rTMS appears to
be safe in these patients. Indeed, the slow (1 Hz) rTMS
frequency used in our study is similar to the slow rTMS
frequencies (0.33 and 0.5 Hz) used in seizure studies,
where reduced seizures have been observed post-rTMS
(Tassinari et al., 2003). Future fMRI studies with apha-
sia patients before and after a series of rTMS treatments
are necessary to examine whether rTMS has altered acti-
vation in specific cortical regions of the bi-hemispheric
neural network for naming and other language behav-
iors, thus aiding our understanding of the mechanism
of action of rTMS.
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