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Abstract 

 

Factors Associated with Effective Inhibitory Repetitive Transcranial 

Magnetic Stimulation (rTMS) to Homologous Language Structures for 

Persons with Post-Stroke Aphasia 

 

Aislynn Christine Fulton, M.A.  

The University of Texas at Austin, 2017 

 

Supervisor:  James R. Booth 

 

The purpose of this report is to identify parameters associated with language improvement 

from inhibitory repetitive transcranial magnetic stimulation (rTMS) to homologous 

language structures in stroke survivors with aphasia. The communication outcomes 

documented in nine randomized controlled studies (RCTs) of diverse post-stroke aphasia 

patients receiving 1-Hz rTMS to one or more right homologous language structures, with 

or without adjunctive speech-language therapy, are reviewed within this report. 

Associations are drawn between treatment outcomes of reviewed inhibitory rTMS studies 

to region(s) of the right hemisphere and a) aphasia severity, b) aphasia type, c) aphasia 

duration, d) lesion site, and e) rTMS stimulation site. Findings of various RCTs suggest 

variations of 1-Hz rTMS to homologous language structures can give rise language 

improvements in a heterogenous population of aphasia patients. However, shortcomings in 

the design of the reviewed studies confounds understanding of conditions associated with 
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improved language abilities for aphasia patients receiving inhibitory rTMS to right 

hemisphere regions. Future studies should not only further investigate general 

effectiveness of rTMS for post-stroke aphasia patients but also aim to shed light on the 

specific parameters underlying language gains for post-stroke aphasia patients receiving 

inhibitory rTMS to homologous language structures.   
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Chapter 1:  Background 

Stroke is a leading cause of acquired disability in adults worldwide, with most 

stroke survivors needing rehabilitation to regain participation in daily living (Mendis, 

2013). On a global scale, over 17 million individuals have had a stroke and it is estimated 

by 2030 that there will be almost 12 million stroke deaths and 70 million stroke survivors 

(Feignin et al., 2014). It has been estimated that approximately one-third of stroke victims 

develop aphasia (Engelter et al., 2006; Laska, Hellblom, Murray, Kahan, & Von Arbin, 

2001). Aphasia is a neurological disorder defined by a partial or total loss of the ability to 

comprehend language, use language, or both in one or more modalities. This disorder can 

be detrimental to stroke survivors’ quality of life, hindering their ability to fully engage 

with others and participate in daily communication-centered activities (Lam & Wodchis, 

2010). In sum, stroke-induced aphasia is a significant cause of acquired disability 

worldwide and can negatively impact individuals’ ability to function independently in 

various aspects of everyday life.  

Language deficits associated with aphasia vary in type and degree, typically 

depending on the location and severity of neural damage as well as the degree of self-

recovery in the weeks and months after stroke onset (Cramer & Riley, 2008). Classic 

aphasia subtypes are typically defined by lesion location and associated language deficits. 

Aphasia diagnostic assessments, such as the Boston Diagnostic Aphasia Exam (BDAE; 

Goodglass et al., 2001) and the Western Aphasia Battery-Revised (WAB-R; Kertesz, 

2006), identify and categorize aphasia types based on communication deficit profiles.  
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Different forms of aphasia are generally recognized by aphasia diagnostic 

assessments as falling into one of the following categories, fluent aphasia and non-fluent 

aphasia. Stroke lesions located in the anterior portion of the brain or Broca’s area are 

associated with non-fluent aphasia types (i.e., Broca’s aphasia, transcortical motor aphasia, 

and global aphasia). Non-fluent aphasia forms are defined by halting, effortful speech 

production and other associated language deficits. Stroke-induced damage to the posterior 

portion of the brain or Wernicke’s area is associated with fluent aphasia types (i.e., 

Wernicke’s aphasia, transcortical sensory aphasia, conduction aphasia, and anomic 

aphasia). Fluent aphasias are characterized by fluent speech and respectively distinct 

language deficits (Goodglass et al., 2001; Kertesz, 2006). Mixed aphasia refers to a set of 

language deficits that fall between the sets of linguistic deficits found in fluent and non-

fluent aphasia types. However, it is important to note that a patients’ aphasia profile or 

aphasia type can likely change over the course of self-recovery and rehabilitation.  

The language abilities of persons can positively change over time partly due to self-

recovery during the different post-stroke periods — acute (i.e., zero to seven days after 

stroke), subacute (i.e., three to six months after stroke), and chronic (i.e., greater than six 

months after stroke) (Otal, Olma, Floel, & Wellwood, 2015). Over the course of self-

recovery, however, individuals with post-stroke aphasia may still retain significant 

communication deficits and require further medical intervention and rehabilitation. 

Providing a neuro-stimulatory treatment suppressing right hemispheric activation may 

facilitate upregulation of left hemisphere language networks — consequently aiding in 

more efficient language processing and production in patients with post-stroke aphasia. 
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Findings from available literature suggest post-stroke aphasia patients may experience 

positive language gains from receiving inhibitory low frequency rTMS (≤1Hz), involving 

the inhibition of action potentials by focal magnetic pulses, over the right hemisphere pars 

triangularis or in conjunction with the right pars opercularis — two neural regions located 

within what is considered as the homologue of the traditional Broca’s area (Ren et al., 

2014; Otal et al., 2015; Li, Qu, Yuan, & Du, 2015). 

Efficacy studies concerning right hemisphere, low frequency, rTMS (RH-LF 

rTMS) for post-stroke aphasia are available in the evidence base. However, the 

heterogeneous qualities of aphasia patients and rTMS treatment protocols across available 

rTMS studies confound understanding of variables associated with effective rTMS for 

post-stroke aphasia patients. Thus, the purpose of this report is to identify conditions 

associated with effective RH-LF rTMS in adults with post-stroke aphasia.  

To address the main goal of this report, the treatment findings documented in nine 

randomized controlled studies (RCTs) of different post-stroke aphasia patients receiving 

1-Hz rTMS to the right pars triangularis alone or in addition to the right pars opercularis 

will be reviewed. Specifically, associations will be drawn between the treatment outcomes 

documented in RH-LF rTMS efficacy studies and a) aphasia severity, b) aphasia type, c) 

aphasia duration, d) lesion site and e) rTMS stimulation site. The findings of this report 

could provide further insight into the possible nature of effective RH-LF rTMS for post-

stroke aphasia, and serve as a guide for subsequent investigations of variables underlying 

effective RH-LF rTMS in stroke survivors with aphasia.  
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Chapter 2:  Literature Review  

APHASIA SEVERITY 

Adults with a variety of aphasia severity types may have the potential to 

experience long-term linguistic improvements from 1-Hz rTMS to the right pars 

triangularis. Barwood et al. (2013) studied long-term recovery of language skills after 

RH-LF rTMS to the right pars triangularis in six patients with chronic non-fluent aphasia 

and varying severity levels (i.e., mild to severe). The researchers compared the treatment 

group to a placebo group with differing severity types (i.e., mild to severe). Both groups 

were matched on sample size, aphasia type, age, education level, and performance on 

measures of naming, expressive language, auditory comprehension at baseline and one 

week after stimulation. Barwood et al. (2013) found patients who received rTMS showed 

significantly higher gains on some measures of naming, expressive language, and 

auditory comprehension up to 12 months after stimulation, compared to the placebo 

group. The findings of Barwood et al. (2013) might suggest adults with mild to severe  

aphasia severities could experience long-term language benefits from RH-LF rTMS to 

the right pars triangularis. 

However, understanding of the seeming associative  relationship between aphasia 

severity and long-term linguistic benefits from RH-LF rTMS to the right pars triangularis 

— based on the findings of Barwood et al. (2013) — is not fully sound. The 

heterogeneous nature of the placebo group and control group investigated by Barwood et 

al. (2013), for one, confounds interpretation of the study’s findings. Both groups were not 

matched on key parameters like aphasia severity distribution, lesion location, lesion size, 
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and therapy history — variables that could have impacted language outcomes. The 

treatment group did not significantly outperform the control group on all post-treatment 

measures, during the different data collection time points. When considering the role 

aphasia severity may play in RH-LF rTMS efficacy, the findings of Barwood et al. (2013) 

should be interpreted with caution. 

Adults with different aphasia severity types could possibly experience short-term 

gains in linguistic abilities from 1-Hz rTMS to the right pars triangularis, combined with 

speech-language therapy. Rubi-Fessen et al. (2015) investigated treatment efficacy of 

RH-LF rTMS, paired with speech-language therapy, for 15 patients with various subacute 

aphasia types (i.e., anomic, Broca's, Wernicke's, and global) and severity levels (i.e., 

mild, moderate, and severe). Before and after intervention, the linguistic skills of 

treatment participants were compared to the communication abilities of 15 control group 

patients with subacute aphasia, receiving speech-language therapy only. The control 

group was comprised of similarly distributed subacute aphasia types (i.e., anomic, 

Broca’s, Wernicke’s, and global) and severity levels (i.e., mild, moderate, and severe). 

No significant differences were noted between the two groups with respect to age, disease 

duration, lesions size, and aphasia severity. Rubi-Fessen et al. (2015) found, after rTMS 

intervention, the treatment group had significantly higher scores for aphasia profile or 

severity, written language, naming, comprehension, and functional communication. 

However, no significant differences between groups were found on a token test, a naming 

screening, repetition abilities, and ratings for the Functional Independence Measure 

(FIM; Granger, Hamilton, Linacre, Heinemann, & Wright, 1993). Overall the results of 
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the study by Rubi-Fessen et al. (2015) suggests that individuals with different aphasia 

severity types could show short-term improvements in language skills from 1-Hz rTMS 

to the right pars triangularis, in conjunction with speech-language therapy. 

Yet, limitations of the study by Rubi-Fessen et al. (2015) cast doubt on any 

interpretations drawn from study, concerning the relationship between aphasia severity 

and effectiveness of RH-LF rTMS to the right pars triangularis paired with speech-

language therapy. Primarily, the sample was not matched on critical characteristics such 

as lesion size, lesion location, aphasia type, and aphasia severity. Moreover, during post-

treatment assessment, the treatment group did not significantly outperform the control 

group on all post-treatment measures. Given shortcomings of the study by Rubi-Fessen et 

al. (2015), the link between aphasia severity and short-term efficacy of RH-LF rTMS to 

the right pars triangularis, with speech-language therapy, is not fully discernable. 

Patients with severe aphasia may show greater long-term linguistic benefits from 

1-Hz rTMS to the right pars triangularis, in conjunction with speech-language therapy, 

compared to patients with other aphasia severity profiles. Seniow et al. (2015) 

investigated effectiveness of LF rTMS to the right pars triangularis combined with 

speech-language therapy in 19 adults with subacute aphasia of various types (i.e., 

Broca’s, Wernicke’s, transcortical, and mixed) and severity levels (i.e., moderate to 

severe) — compared to a control group of 19 individuals with subacute aphasia receiving 

speech-language therapy only. Both groups under examination were balanced at baseline 

with regards to aphasia severity, post-stroke duration, age, education background, and 

baseline language performance. Between the control group and experimental group, no 
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significant differences were found in language performance immediately after treatment 

and during a 15-week follow-up examination. Additionally, no significant differences 

were noted between the 11 treatment participants with mild or moderate aphasia severity 

and the eight control participants with mild or moderate aphasia did differ in language 

performance immediately after treatment or during the follow-up examination. However, 

the nine patients with severe aphasia showed significantly greater improvements in 

repetition 15 weeks after treatment, compared to the twelve control group participants 

with severe aphasia. The treatment and control participants with severe aphasia, as well 

as the experimental and control subgroups with mild or moderate aphasia, respectively 

did not share significant differences on age, post-stroke duration, education level, and 

baseline language performance. In sum, the outcomes documented in Seniow et al. 

(2015) could suggest patients with severe aphasia may benefit more from RH-LF rTMS 

as opposed to adults with less severe aphasia.  

However, based solely on findings of Seniow et al. (2015), the interpretation that 

patients with severe aphasia are predisposed to more favorable language outcomes from 

RH-LF rTMS with concurrent speech-language therapy is not entirely valid. Foremost, 

Seniow et al. (2015) did not make comparisons between patients with different severity 

levels (i.e., mild, moderate, severe). Infarct volume was not measured in patients before 

treatment, a characteristic that could have impacted treatment outcomes of participants. 

Moreover, all control and treatment participants were encouraged to practice strategies 

learned in therapy sessions at home; however, the duration and frequency of at-home 

practice was not formally tracked in control participants or treatment participants. With 
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regards to the study by Seniow et al. (2015), definitive conclusions regarding the 

predisposition for favorable treatment effects in severe aphasia patients receiving RH-LF 

rTMS, with speech-language therapy, cannot be made.   

APHASIA TYPE 

Application of 1-Hz rTMS, to the right pars triangularis, with or without 

concurrent speech-language therapy, may enhance language skills in adults with different 

forms of non-fluent aphasia. Barwood et al. (2013) found treatment participants with 

chronic, non-fluent aphasia experienced rTMS-related gains in naming, expressive 

language, and auditory comprehension up to 12 months after sole rTMS intervention. 

Receiving both speech-language therapy and RH-LF rTMS, participants with Broca's 

aphasia and global aphasia have experienced positive outcomes in naming accuracy 

(Heiss et al., 2013; Rubi-Fessen et al., 2015; Tsai et al., 2015), naming reaction time 

(Tsai et al., 2015), written language (Rubi-Fessen et al., 2015), auditory comprehension 

(Rubi-Fessen et al., 2015), written comprehension (Rubi-Fessen et al., 2015), reading 

(Rubi-Fessen et al., 2015), writing (Rubi-Fessen et al., 2015), functional language (i.e., 

Rubi-Fessen et al., 2015), and aphasia profile scores or severity levels (Heiss et al., 2013; 

Rubi-Fessen et al., 2015; Thiel et al., 2013; Tsai et al., 2015; Weiduschat et al., 2011). 

Tsai et al. (2013) found adults with transcortical motor aphasia, receiving both speech-

language therapy and RH-LF rTMS, had improvements in naming accuracy, naming 

reaction time, as well as aphasia profile or severity scores. In sum, it could be inferred 

that adults with different forms of non-fluent aphasia (e.g., Broca’s, transcortical motor 



 9 

aphasia, and global aphasia) could demonstrate linguistic improvements from undergoing 

RH-LF rTMS with or without adjunctive speech-language therapy.  

Patients with various types of fluent aphasia may also benefit from 1-Hz rTMS to 

the right pars triangularis, in concurrence with speech-language therapy. Patients with 

Wernicke's and anomic aphasia receiving RH-LF rTMS and speech-language therapy 

have made corresponding gains in naming accuracy (Heiss et al., 2013; Rubi-Fessen et 

al., 2015; Tsai et al., 2015), naming reaction time (Tsai et al., 2015), written language 

(Rubi-Fessen et al., 2015), auditory comprehension (Rubi-Fessen et al., 2015), written 

comprehension (Rubi-Fessen et al., 2015), reading (Rubi-Fessen et al., 2015), writing 

(Rubi-Fessen et al., 2015), functional language (i.e., Rubi-Fessen et al., 2015), and 

aphasia profile or severity scores (Heiss et al., 2013; Rubi-Fessen et al., 2015 Thiel et al., 

2013; Tsai et al., 2015; Weiduschat et al., 2011). Based on overall findings of reviewed 

studies, patients with Wernicke’s and anomic aphasia could receive additional benefit 

from speech-language therapy paired with RH-LF rTMS — opposed to receiving speech-

language therapy alone.  

Concrete conclusions cannot be drawn about the potential language benefits 

patients with different types of fluent or non-fluent aphasia may experience from speech-

language therapy in conjunction with RH-LF rTMS or RH-LF rTMS alone. In all 

reviewed studies of this section, treatment participants showed significantly greater 

improvements in the above-mentioned language domains, in comparison to control 

aphasia subjects receiving speech-language therapy only or no intervention at all (i.e., 

Barwood et al., 2013) and, at minimum, matched for age, post-stroke duration time, and 



 10 

baseline language performance. However, a number of the reviewed studies had a 

treatment and control group with significant between-group differences in areas that 

could influence treatment outcomes — specifically, lesion location (Barwood et al., 2013; 

Thiel et al., 2013; Tsai et al., 2015; Weiduschat et al. 2011), lesion size (Barwood et al., 

2013; Tsai et al., 2015), and aphasia type (Heiss et al., 2013; Weiduschat et al., 2011). 

Consequently, definitive interpretations cannot be made on the relationship between 

aphasia type and RH-LF rTMS efficacy.  

POST-STROKE DURATION 

The treatment of 1-Hz rTMS, applied to the right pars triangularis, with 

adjunctive speech-language therapy, could help improve the language skills in patients 

with subacute aphasia. In all the examined studies investigating adults with subacute 

aphasia, treatment participants showed significantly greater improvements in the domains 

of expressive language, receptive language, functional communication, and overall 

aphasia profile or severity scores — compared to control aphasia subjects receiving 

speech-language therapy only. The treatment and control groups examined in the 

referenced studies were, at least, balanced at baseline for age, post-stroke duration time, 

and baseline performance. From LF rTMS to the right pars triangularis, individuals with 

subacute aphasia have experienced positive, treatment-related outcomes in naming (Heiss 

et al., 2013; Rubi-Fessen et al., 2015), repetition (Hartmann, Fessen, & Heiss, 2013), 

writing (Rubi-Fessen et al., 2015), reading (Rubi-Fessen et al., 2015), auditory 

comprehension (Rubi-Fessen et al., 2015), written comprehension (Rubi-Fessen et al., 
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2015), functional communication (Rubi-Fessen et al., 2015), and overall aphasia profile 

or severity scores (Hartmann et al., 2013;  Rubi-Fessen et al., 2015; Thiel et al., 2013; 

Weiduschat et al., 2011). In sum, patients with subacute aphasia could experience 

positive changes in language abilities from RH-LF rTMS paired with speech-language 

therapy.  

Limitations of the above-referenced studies impact the understanding of potential 

language outcomes for subacute aphasia patients receiving 1-Hz rTMS to the pars 

triangularis, along with concurrent speech-language therapy. Some of the referenced 

studies had a treatment and control group with significant between-group differences in 

domains like lesion location (Thiel et al., 2013; Weiduschat et al. 2011) and aphasia type 

(Heiss et al., 2013; Weiduschat et al., 2011). Moreover, the potential at-home practice of 

speech-language therapy techniques or strategies was not monitored for fidelity in any of 

the given studies. As a result, understanding of potential language outcomes for subacute 

aphasia patients receiving the RH-LF rTMS to the pars triangularis, with speech-language 

therapy, is inconclusive.  

Adults with chronic aphasia could experience gains in language abilities from 

receiving RH-LF rTMS alone or in conjunction with speech-language therapy. Barwood 

et al. (2013) found patients receiving RH-LF rTMS to the pars triangularis showed 

significantly greater improvements in naming, expressive language, and auditory 

comprehension up to 12 weeks after treatment — compared to a control group of 

subacute aphasia patients balanced at baseline with the treatment group regarding age, 

education level, and aphasia type. Tsai et al. (2015) examined possible language gains of 
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chronic aphasia patients receiving RH-LF rTMS to the pars triangularis, in combination 

with speech-language therapy, compared to control participants with chronic aphasia 

receiving speech-language therapy only. Both groups were balanced during pre-treatment 

measurement for aphasia severity, aphasia type, and post-stroke duration. Tsai et al. 

(2014) found treatment participants performed significantly higher than control 

participants after treatment for naming abilities, expressive language, and overall aphasia 

profile or severity scores. Findings of Barwood et al. (2013) and Tsai et al. (2014) 

suggest patients with chronic aphasia could benefit from RH-LF rTMS to the pars 

triangularis, with or without speech-language therapy.  

However, limitations in the reviewed studies, investigating chronic aphasia 

patients, clouds understanding of the relationship between chronic aphasia and RH-LF 

rTMS efficacy. Control and treatment participants studied in Barwood et al. (2013) and 

Tsai et al. (2014) were not matched for lesion location or lesion size, two variables that 

could have significantly influenced documented outcomes of the studies. Regarding the 

study by Tsai et al. (2014), at-home speech-language therapy practice was not tracked for 

maintenance of treatment fidelity. Consequently, based on findings of the referenced 

studies, the presence of a connection between chronic aphasia and RH-LF rTMS to the 

pars triangularis, with or without speech-language therapy, is not certain. 

LESION SITE  

Patients with a left frontal lesion may be predisposed to favorable benefits from 1-

Hz rTMS to the right pars triangularis and the right pars opercularis, in combination with 
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speech-language therapy. Waldowski et al. (2012) investigated the effectiveness of 1-Hz 

rTMS applied to the pars triangularis and pars opercularis and found treatment 

participants with an anterior lesion (n=5) or an anterior-posterior lesion (n=3) had 

significantly greater improvements in naming reaction time and aphasia severity during a 

15-week follow-up examination — compared to a control group of subacute aphasia 

patients with an anterior lesion (n=4) or anterior-posterior lesion (n=6) receiving speech-

language therapy only and balanced at baseline with the given treatment participants for 

age, aphasia severity, and years of education. Interpretation of the findings, however, are 

confounded by the fact the given treatment and control participants were not matched for 

critical variables like lesion extension, post-stroke duration, and aphasia type. 

Consequently, the findings of Waldowski et al. (2012) must be interpreted with caution 

when considering the language benefits aphasia patients with a frontal lesion may 

experience from RH-LF rTMS paired with speech-language therapy.  

RTMS STIMULATION SITE 

Aphasia patients may experience language improvements from RH-LF rTMS to 

the pars triangularis compared to RH-LF rTMS to both the pars triangularis and pars 

opercularis. In the reviewed studies concerning stimulation of the pars triangularis with 

speech-language therapy or without speech-language therapy (i.e., Barwood et al, 2013), 

treatment participants showed significantly greater improvements in the domains of 

expressive language, receptive language, functional communication, and overall aphasia 

profile or severity scores — compared to control aphasia subjects receiving speech-
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language therapy only or no form of real intervention, and at the least balanced with the 

treatment group at baseline for age, post-stroke duration time, and performance on pre-

treatment measures. Specifically, stimulation of the right pars triangularis with or without 

speech-language therapy, in patients with different aphasia types, severity levels, lesion 

locations, and post-stroke timespans resulted in significantly higher outcomes for 

treatment groups, in contrast to control groups, in naming accuracy (Heiss et al., 2013; 

Rubi-Fessen et al., 2015; Tsai et al., 2014); naming reaction time (Barwood et al., 2013; 

Tsai et al., 2014), expressive language (Barwood et al., 2013), auditory comprehension 

(Barwood et al., 2013; Rubi-Fessen et al., 2015), written comprehension (Rubi-Fessen et 

al., 2015); reading (Rubi-Fessen et al., 2015), writing (Rubi-Fessen et al., 2015), 

functional communication (Rubi-Fessen et al., 2015), and overall aphasia profile or 

severity scores (Hartmann et al., 2013; Heiss et al., 2013; Rubi-Fessen et al., 2015; Thiel 

et al., 2013; Tsai et al., 2014; Weiduschat et al., 2012). In sum, RH-LF rTMS to the pars 

triangularis may be benefit diverse groups of aphasia patients. 

However, shortcomings in the above-referenced studies limit understanding of the 

relationship between RH-LF rTMS effectiveness for aphasia patients and stimulation site. 

For instance, some of the reviewed studies were not balanced at baseline with regards to 

lesion location (Barwood et al., 2013; Hartmann et al., 2013; Thiel et al., 2013; Tsai et 

al., 2015; Weiduschat et al. 2011), lesion size (Barwood et al., 2013; Hartmann et al., 

2013; Tsai et al., 2015), aphasia type (Hartmann et al., 2013; Heiss et al., 2013; 

Weiduschat et al., 2011). Additionally, any at-home practice of speech-language therapy 

techniques or strategies was not monitored for fidelity in any of the given studies. 
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Consequently, the contribution of RH-LF rTMS to the pars triangularis to linguistic 

improvements in aphasia patients is not fully clear. 

The potential language benefits RH-LF rTMS to the pars triangularis and pars 

opercularis is not fully clear, either. Waldowski et al. (2012) did not find any significant 

post-treatment differences between a treatment group of subacute aphasia patients that 

received RH-LF rTMS to the pars triangularis and pars opercularis in addition to speech-

language therapy, and control group that received speech-language therapy only. Both 

groups investigated by Waldowski were balanced at baseline for aphasia severity, post-

stroke duration, and education level but not for critical variables like lesion location, 

lesion size, or aphasia type. However, as mentioned previously, Waldowski et al. (2012) 

found treatment participants with an anterior lesion (n=5) or an anterior-posterior lesion 

(n=3) had higher gains in naming reaction time and aphasia severity during a 15-week 

follow-up examination — compared to a control group of subacute aphasia patients with 

an anterior lesion (n=4) or anterior-posterior lesion (n=6) receiving speech-language 

therapy only and balanced at baseline with the given treatment participants for age, 

aphasia severity, and years of education. The treatment and control subgroups were not 

balanced, however, on variables like lesion extension, post-stroke duration, and aphasia 

type. In sum, the effectiveness of RH-LF rTMS to the pars triangularis and pars 

opercularis in diverse groups of aphasia patients requires further investigation. 
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Chapter 3:  Discussion  

This report aimed to outline variables associated positive language changes in 

post-stroke aphasia patients receiving 1-Hz rTMS to the right pars triangularis alone or in 

addition to the pars opercularis.  To address the main objective of this report, the findings 

of nine RCTs on 1-Hz rTMS to the right pars triangularis, or in combination with the 

right pars opercularis, in adults with post-stroke aphasia were reviewed. The results of 

RH-LF rTMS studies on patients with post-stroke aphasia were utilized to better 

understand the relationship between linguistic gains from RH-LF rTMS and the 

following factors: a) aphasia severity, b) aphasia type, c) aphasia duration, d) lesion site 

and e) rTMS stimulation site.  

The overall findings of studies reviewed in this report suggest suppression of right 

hemispheric activation, through an inhibitory neuro-stimulation treatment to homologous 

language structures, could facilitate more effective language processing and use in 

patients with post-stroke aphasia. Post-stroke aphasia patients with varying severity types 

(i.e., mild to severe), forms of aphasia (i.e., non-fluent, fluent, mixed), and post-stroke 

durations (i.e., chronic and subacute stage) could experience short- and long-term 

linguistic benefits from RH-LF rTMS to the pars triangularis. Subacute aphasia patients 

with an anterior lesion could show language improvements from RH-LF rTMS to the 

pars opercularis and pars triangularis. However, the paucity of RCTs investigating 1-Hz 

rTMS to the right pars triangularis and right pars opercularis calls into question 

interpretations made on the effectiveness of inhibitory neuro-stimulation to the right pars 

triangularis and right pars opercularis in patients with post-stroke aphasia. While the 
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findings of the reviewed studies suggest post-stroke aphasia patients with various 

characteristics could benefit from some form of RH-LF rTMS, further investigation is 

required to confirm the interpretations of current findings on RH-LF rTMS efficacy.  

 When considering the role aphasia severity, aphasia type, aphasia duration, lesion 

site, rTMS stimulation site, and post-treatment duration play in the effectiveness of RH-

LF rTMS, the findings the reviewed studies must be analyzed with caution for numerous 

reasons. For instance, the RCTs evaluated in this report did not have a control and 

treatment group matched at baseline for variables that could impact the language 

recovery process like lesion location (Barwood et al., 2013; Hartmann et al., 2013; 

Seniow et al., 2013; Thiel et al., 2013; Tsai et al., 2015; Waldowski et al., 2012; 

Weiduschat et al., 2011), lesion size (Barwood et al., 2013; Hartmann et al., 2013; 

Seniow et al., 2013; Tsai et al., 2015; Waldowski et al., 2012) , and aphasia type 

(Hartmann et al., 2013; Heiss et al., 2013; Seniow et al., 2013; Waldowski et al., 2012; 

Weiduschat et al., 2011).  For studies investigating the add-on linguistic benefit of RH-

LF rTMS to the right pars triangularis, paired with conventional speech-language 

therapy, at-home practice of therapy strategies and techniques was not monitored in 

control or treatment participants during or after treatment (Hartmann et al., 2013; Heiss et 

al, 2013; Rubi-Fessen et al., 2015; Seniow et al., 2013; Thiel et al., 2013; Tsai et al., 

2015; Weiduschat et al., 2011). The lack of RCTs available for efficacy of RH-LF rTMS 

to the pars triangularis and pars opercularis in patients with post-stroke aphasia further 

hinders understanding of impact of specific stimulation site on RH-LF rTMS 

effectiveness. Overall, the available evidence on the linguistic effectiveness of RH-LF 
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rTMS for patients with post-stroke aphasia is confounded primarily by shortcomings in 

matching of treatment and control patient characteristics at baseline, well as monitoring 

of at-home speech-language therapy practice in both control and treatment groups, and 

shortage of RCTs on linguistic efficacy of RH-LF rTMS to the pars opercularis and pars 

triangularis.  
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Chapter 4:  Conclusion   

The reviewed evidence suggests post-stroke aphasia patients with different 

characteristics could benefit from some form of RH-LF rTMS. However, further 

investigation is required to confirm the interpretations of current findings on RH-LF 

rTMS efficacy. Future studies should not only further investigate general effectiveness of 

rTMS for post-stroke aphasia patients but also work to identify the parameters underlying 

rTMS effectiveness for adults with stroke-induced aphasia. Larger samples, with more 

homogenous characteristics, should be examined under different variations of the RH-LF 

rTMS treatment to better understand the conditions underlying effective rTMS 

intervention for post-stroke aphasia.   
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