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ABSTRACT 42 

Purpose: Aphasia is a debilitating chronic acquired language disorder that impacts heavily 43 

on a person’s life. Behavioural treatments aim to remediate language processing skills or to 44 

enhance communication between the person with aphasia and others, and a number of 45 

different treatments are efficacious. However, it is unclear how much of a particular 46 

treatment a person needs in order to optimise recovery of language and communication skills 47 

following stroke.  48 

Materials and methods: Systematic search for and meta-analysis of experimental studies 49 

that directly compared different amounts of the same behavioural aphasia treatment, 50 

following PRISMA guidelines.  51 

Results: Treatment dose research in aphasia is an emerging area. Just six studies comparing 52 

different doses of the same intervention met all criteria for inclusion. Evidence from these 53 

studies was synthesised and meta-analysed, where possible. Meta-analyses were inconclusive 54 

due to limited data; however, there are indications that suggest increased dose may confer 55 

greater improvement on language and communication measures, but with diminishing returns 56 

over time. Aphasia severity and chronicity may affect dose-response relationships. 57 

Conclusions: There is currently insufficient evidence to determine the effect of dose on 58 

treatment response. A dedicated and coordinated research agenda is required to 59 

systematically explore dose-response relationships in post-stroke aphasia interventions. 60 

 61 
Word count: 7,442 (including abstract, tables, figures, and citations, ex bibliography 62 

and supplementary material) 63 

Keywords: Aphasia, stroke, treatment, dose, meta-analysis 64 
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INTRODUCTION 66 

Aphasia is a common and significant acquired communication disability which affects 67 

up to 40% of stroke survivors [1] and persists as a chronic condition in up to 50% of cases [2-68 

4]. Aphasia is associated with an increased risk of mortality [5], higher healthcare costs [6], 69 

negative consequences for personal relationships, vocational participation, and economic 70 

independence [3, 7], and poorer health-related quality of life than many other debilitating 71 

health conditions including Alzheimer’s disease and cancer [8]. Aphasia treatments have 72 

been shown to improve language skills, social participation, and quality of life [9]; however, 73 

people with aphasia may not be receiving enough therapy to maximise recovery of language 74 

skills and communication following stroke (e.g., [10-15]) despite suggestions that higher 75 

doses of treatment may lead to better recovery [9, 10, 16, 17]. Finding the right dose of 76 

aphasia treatment is important for treatment prescription, refining research agendas, and will 77 

impact service delivery and health policy. 78 

 79 

Dose conceptualisation and the dose/intensity confound 80 

Treatment dose can be conceptualised in two ways: as the amount of time spent in 81 

therapy and as the number of therapeutic elements provided or received over an intervention 82 

period [18, 19]. In the absence of consensus definitions but informed by Baker [18], the 83 

following concepts and definitions will be referred to in this review: 84 

 85 

Therapeutic element  The basic unit of therapy; either a therapeutic input or a client act. 86 

Session dose A quantitative measure of the therapeutic content provided in a 87 

session, in minutes or therapeutic elements. 88 

Session intensity The rate at which therapeutic elements are provided in a session, e.g., 89 

300 naming attempts per hour. 90 
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Session frequency The number of therapy sessions per week. 91 

Total dose Amount of therapy provided or received over an intervention period, in 92 

time or therapeutic inputs, e.g., total hours, total number of therapeutic 93 

elements. 94 

 95 

The total dose of treatment is equal to the session dose x session frequency x 96 

intervention duration [18, 20]. Hours of therapy is a convenient measure; it is economical to 97 

capture, is easy to calculate and compare from one study to the next, has clinical relevance 98 

and is easily understood by consumers and policy makers, and is the most commonly 99 

reported measure of treatment dose in aphasia intervention studies [19]. Conversely, 100 

conceptualising, measuring, and reporting dose as a collection of therapeutic elements may 101 

allow more refined inspection of dose-response relationships for a given intervention [18, 102 

21]. There are many potential therapeutic elements for any given intervention. These include 103 

inputs such as the presentation of therapy stimuli, clinician-delivered cues, clinician-104 

generated responses, and feedback/reinforcement. Client acts may include accurate, 105 

inaccurate and self-corrected responses, and the use of self-cueing strategies. Therapeutic 106 

elements may contain the active ingredients of treatment which “teach or enhance new 107 

learning and behaviour” [17, p.71]. Closer examination of these active ingredients may 108 

ultimately enhance our understanding of the mechanisms of action that transform received 109 

treatment into improved health and wellbeing [22]. Once identified, maximising delivery of 110 

active ingredients has the potential to increase treatment efficiency and effectiveness. 111 

However, measuring dose in terms of therapeutic elements can be more difficult and labour-112 

intensive to capture. 113 

A number of reviews have examined the literature for evidence of dose-related 114 

treatment effects. In 2003, Bhogal and colleagues asserted that when it comes to the impact 115 
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of aphasia treatment on recovery of language and communication functions, “more is better” 116 

[23]. In their synthesis of findings, studies that demonstrated a statistically significant 117 

positive treatment effect provided a total of 98.4 hours of therapy or more, whereas 118 

ineffective studies provided a total of 43.6 hours of therapy or less [16]. Although based on 119 

few studies (n = 8), the assertion that “more is better” has heavily influenced the subsequent 120 

examination of dose-response in aphasia research. 121 

The “more is better” finding was not conclusively supported by Brady and colleagues 122 

[9] who meta-analysed group-level outcome data from five randomised controlled trials 123 

(RCTs) in which participants received either a higher dose (range 27 – 208 hours) or lower 124 

dose (range 5 – 78 hours) of treatment. Brady and colleagues found that people with aphasia 125 

who received a higher dose of treatment had significantly better functional communication, 126 

although this finding was based on data from just one RCT [24]. However, there were no 127 

statistically significant findings regarding the effect of dose on measures of receptive or 128 

expressive language, or aphasia severity. Overall, the lower dose condition resulted in 129 

significantly fewer dropouts and better treatment adherence.  130 

A number of limitations of these reviews necessitate the current review. First, 131 

examination of dose-response relationships may be confounded when simultaneously 132 

comparing different interventions. For example, two of the five studies included in Brady et 133 

al. [9] dose analyses compared different amounts of different treatments: the VERSE I trial 134 

[24] compared VERSE therapy to usual care, and Denes et al. [25] compared a 135 

conversational approach focused on auditory comprehension to standard speech and language 136 

therapy based on a stimulation approach. Differences between treatments may obscure the 137 

effect of dose on treatment outcomes and, therefore, the validity of making dose comparisons 138 

across interventions is questionable. 139 
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Second, the examination of dose effects in post-stroke aphasia is an emerging 140 

research area. As such, findings from small-scale Phase I exploratory experiments that have 141 

yet to be scaled up to large-scale Phase II group studies may contribute important knowledge 142 

to guide future examination of dose-response relationships. Small-scale experimental studies 143 

were not included in previous dose effect reviews. 144 

Another limitation of these dose explorations is the conceptualisation of dose as ‘the 145 

amount of time spent receiving therapy’. As has been previously argued [e.g., [26, 27], 146 

measuring the dose of aphasia intervention in hours is inadequate because of the inherent 147 

inaccurate assumption that all hours of treatment are equal. Clinically, one hour of treatment 148 

to the next may comprise a variety of different tasks targeting different goals requiring the 149 

provision of a different number and combination of therapeutic elements. In research, 150 

especially in large pragmatic trials, it is difficult to know how often different therapeutic 151 

elements are being provided unless treatment details are clearly reported and monitored. 152 

Therefore, measuring the dose of complex interventions only in hours makes it impossible to 153 

examine responses to specific therapeutic elements.  154 

Despite this, measuring and reporting total hours remains the most common approach.  155 

A scoping review found that of 112 aphasia intervention studies reporting dose, 96% (n = 156 

108) reported hours while only 27% (n = 30) reported therapeutic elements in sufficient detail 157 

that total dose could be calculated, the latter more frequently reported for naming treatment 158 

studies [19]. A recent review of naming treatment studies [28] found that time spent in 159 

treatment does not correlate with treatment outcomes and that the number of words treated in 160 

therapy correlates with the number of words learned (for a similar finding, [see [29]). A 161 

limitation of Thomas and colleagues’ [28] high-quality review is that the authors chose to 162 

focus their exploration on the relationship between stimulus set size and treatment outcomes 163 

without exploring other parameters that might reveal dose-response relationships. This is 164 
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despite a number of recent naming treatment studies having systematically manipulated or 165 

measured therapeutic elements to examine dose-response relationships [e.g., [30-32]; for a 166 

review [see [19]). More careful attention to therapeutic elements is needed if the relationship 167 

of dose to aphasia treatment outcomes is to be understood.  168 

 The final major limitation of all dose studies to date is that treatment dose is 169 

consistently confounded with treatment intensity [33]. In the aphasia literature, intensity has 170 

come to be synonymous with frequency and means the rate at which a particular dose is 171 

provided: it is the quotient of dose over time. Dose and intensity are, therefore, 172 

interdependent. For example, in studies comparing massed to distributed practice (dose-173 

controlled studies of intensity [e.g., [34]), the session dose is static while the session 174 

frequency and intervention duration are manipulated relative to each other to produce the 175 

same total dose (e.g., 1 hour per session, 4-5 sessions per week, 3 weeks = 14 hours 176 

compared to 1 hour per session, 1-2 sessions per week for 8 weeks = 14 hours). This raises 177 

the question: are observed differences in treatment effects attributable to different session 178 

frequency or different intervention duration, or both? Likewise, in dose-effect studies, the 179 

challenge with manipulating the total dose is that two of the three schedule parameters (i.e., 180 

session dose, session frequency, intervention duration) must change. This dose/intensity 181 

relationship also exists at the session level; high session dose vs low session dose 182 

comparisons also compare high session intensity to low session intensity if the session 183 

duration is constant. Again, we are faced with the issue of determining which parameter, if 184 

any, confers the treatment effect. It is possible, perhaps probable, that the overall impact on 185 

outcome is a result of the interaction between a number of these variables [27].  186 

In summary, there are signals emerging from the aphasia intervention literature 187 

regarding dose-response relationships but the evidence has been scant, at times contradictory, 188 

and overall, inconclusive. Traditional methods for measuring treatment dose may lack the 189 
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specificity required to adequately investigate these relationships. Furthermore, existing 190 

evidence comes from a small number of studies which employed different treatment 191 

paradigms with heterogenous samples, most of which did not directly compare different 192 

doses of the same intervention. Only a small number of studies have analysed the 193 

comparative effects of different doses of the same therapy within each study [19]. To our 194 

knowledge, there is no published meta-analysis of data from these dose-effect studies.  195 

 196 

AIMS 197 

The primary aim of this review is to examine the current evidence for dose effects in 198 

behavioural post-stroke aphasia interventions. We aim to answer the following questions by 199 

meta-analysing data from experimental studies that directly compare different amounts of the 200 

same intervention: 201 

1) Does a larger dose of intervention result in better language and communication 202 

outcomes for people with aphasia following stoke? 203 

2) Does time post stroke impact dose effects?  204 

3) Are there specific person-level characteristics that help explain variability in dose-205 

response relationships? 206 

4) Is there evidence of dose effects in specific language or communication interventions? 207 

 208 

METHODS 209 

Search strategy 210 

A comprehensive and systematic search was undertaken in June, 2019 for peer-reviewed 211 

randomized controlled studies, quasi-experimental studies, and single-case design studies, 212 

which reported the amount of behavioural aphasia therapy provided, and investigated the 213 

dose-response relationship of that intervention on language impairment and communication 214 
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activity/participation for adults with aphasia following stroke. The search was replicated and 215 

the yield updated in September, 2020. 216 

Using the Preferred Reporting Items for Systematic reviews and Meta-Analysis 217 

Guidelines (PRISMA, [35]), the following databases were searched, with no language or date 218 

limits set: PubMed, Medline, EMBASE, CINAHL, PsycINFO, and Cochrane Library. Table 219 

1 shows search terms for the key domains of post-stroke aphasia, intervention, and dose, 220 

identified from relevant literature. These search domains were combined using the AND 221 

operator, and the terms within each domain combined using OR. Search terms were modified 222 

in line with individual database subject headings. An example of the final search strategy is 223 

provided in Appendix A. Reference lists of included studies were examined to identify 224 

additional studies not captured during the systematic search. 225 

< Table 1 Search terms relating to treatment dose in aphasia > 226 

Selecting studies 227 

Figure 1 shows a PRISMA flow diagram detailing the results of study identification, 228 

screening, eligibility, and inclusion. The search yield was imported into Rayyan online 229 

software [36] and duplicates removed using software and manual checking. Titles and 230 

abstracts were then screened by the first author as per the inclusion criteria to determine 231 

eligibility for full text review. Exclusion criteria are listed in figure 1. Twenty percent of full 232 

texts were re-screened by a second reviewer (JEP) for inclusion, achieving 95% agreement 233 

between reviewers. Inconsistencies were discussed and resolved, and inclusion criteria 234 

refined to improve accurate classification.  235 

 236 

Inclusion criteria 237 

• Full text peer-reviewed journal article in English 238 

• Includes adults presenting with post-stroke aphasia, at any time after stroke 239 
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• Reports primary data from behavioural treatment targeting language impairment or 240 

communication activity/participation 241 

• Measures and reports the amount of treatment provided 242 

• Provides a comparative analysis of the effect of different amounts of the same 243 

intervention 244 

 245 

Study categorisation and methodological quality appraisal 246 

Studies were categorised and appraised by the first and fourth authors, reaching 247 

consensus through discussion where necessary. Included articles were categorised by study 248 

type using the Oxford Centre for Evidence Based Medicine levels of evidence [37]. Single-249 

case methodologies are commonly used in aphasia research; however, the OCEBM fails to 250 

distinguish experimental from non-experimental single-case designs. Single-case 251 

experimental designs (i.e., multiple baseline, withdrawal/reversal, alternating treatments, and 252 

changing criterion designs) provide a method for understanding causal relationships in 253 

complex behavioural interventions, whereas non-experimental pre/post designs and case 254 

studies do not [38]. Therefore, the RoBiNT manual [38] was used to further classify single-255 

case designs. Methodological rigour was assessed using the PEDro-P scale [39] for RCT and 256 

quasi-RCT, and the RoBiNT scale [38] for single-case designs. Pre/post case series were 257 

excluded from further analysis as these provide a low level of evidence due to a lack of 258 

experimental control [38]. 259 

 260 

Data extraction and analysis 261 

Data were entered into a spreadsheet including participant characteristics, treatment 262 

type, outcome measures, therapy schedule, and results. Data extraction was completed by two 263 
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reviewers (SRH, JEP) and compared for accuracy. Where data were unavailable, study 264 

authors were contacted. Table 2 shows the data items extracted from each paper. 265 

< Table 2 Data items extracted from selected studies > 266 

Effect size calculation 267 

While the initial intention was to meta-analyse effect sizes derived from mean change 268 

scores of primary outcomes in group studies, this was not possible due to insufficient 269 

comparable studies at the group study level. Where possible, group study effect sizes as 270 

reported by each study are reported below (see Results). For studies employing a single-case 271 

design, Tau-U was calculated based on individual patient naming accuracy data. Tau-U 272 

measures the degree of improvement across adjacent treatment phases by measuring the 273 

proportion of data points in the treatment phase that are above data in the baseline, adjusting 274 

for trend in the baseline phase [40] and is considered superior to other non-overlap measures 275 

when handling small data sets [41]. Raw data were manually extracted from single-case 276 

design case charts using online software (https://apps.automeris.io/wpd/). Tau-U was 277 

adjusted for baseline trend if Tau for the baseline phase exceeded 0.4 and a trend was 278 

apparent by visual inspection [40]. 279 

 280 

RESULTS 281 

The literature search yielded 4,223 unique articles. Of those, 16 articles reporting on 282 

15 studies met the inclusion criteria outlined for this review (figure 1).  283 

< Figure 1 PRISMA flow diagram showing the study selection process > 284 

 285 

Levels of evidence 286 

The included studies comprise four RCTs [42-45], one quasi-RCT in which 287 

participants were sequentially allocated to cohorts that had been randomly assigned to 288 
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different treatment arms [46], and three quasi-experimental “AB with follow up” single-case 289 

designs [31, 32, 47]. Eight non-experimental pre/post case series were not appropriate for the 290 

meta-analysis given the low level of evidence of these designs [21, 29, 30, 48-52].  291 

 292 

Methodological quality 293 

Figure 2 and figure 3 show the quality ratings for controlled trials (PEDro-P) and 294 

single-case designs (RoBiNT). Only findings from studies considered moderate to high 295 

quality were considered in further analysis. Cut-off scores for moderate to high quality 296 

studies are 5 points and above for the PEDro-P scale [53]. Benchmark cut-off scores for 297 

single-case designs have yet to be established. However, in a paper examining the reliability 298 

of the RoBiNT scale [38] the mean score of included studies was 12 points. This score has 299 

been used in lieu of formalised benchmarks in a previous systematic review in aphasia [54] 300 

and was adopted for this review.  301 

< Figure 2 PEDro-P scale scores for included group studies with cut-off score ≥5 > 302 

< Figure 3 RoBiNT scale scores for included single case design studies with cut-off score 303 

≥12 > 304 

 305 

Study characteristics 306 

Appendix B contains the study characteristics for the six studies that met all criteria 307 

for inclusion, level of evidence, and methodological rigour. Studies reported data on 323 308 

participants (153 men, 170 women) with a mean reported age of 62 (SD 7). One study 309 

recruited participants across the acute-subacute phase and five in the chronic phase of 310 

recovery. All six studies investigated impairment-level lexical retrieval interventions with 311 

two RCTs [42, 43] including additional aspects of functional communication rehabilitation 312 

and educational counselling. Five studies investigated change in language impairment as the 313 
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primary outcome, as measured on standardised aphasia test batteries (i.e., WAB AQ, Aachen 314 

Aphasia Test) or by confrontation naming. One study measured changes in functional 315 

communication skills using the Amsterdam-Nijmegen Everyday Language Test (ANELT) as 316 

the primary outcome [43]. Four studies included secondary outcomes that measured some 317 

aspect of functional communication either using a standardised tool (e.g., ANELT) or 318 

measures of informativeness (e.g., content information units in a narrative task) in an attempt 319 

to quantify generalisation of treatment effects.  320 

 321 

Treatment schedule and total dose 322 

Table 3 and table 4 show the treatment schedule of each included study. The total 323 

number of hours of treatment provided ranged between six and 60 hours. The prescribed 324 

doses and actual amount of treatment received are noted for each group within these studies. 325 

Participants in the Bakheit study received less treatment than prescribed and those in the 326 

Breitenstein study generally received more. The three RCTs were primarily designed to 327 

investigate the effects of treatment intensity which was achieved by manipulating session 328 

frequency (i.e., weekly intensity) and intervention duration across groups. However, relevant 329 

to this systematic review, each also explored the effect of different doses received between 330 

groups or at different time points within groups. In addition to reporting treatment duration, 331 

two studies [31, 32] also reported total number of therapeutic elements provided (total 332 

number of naming attempts) which ranged from 1,200 to 3,200 across participants. 333 

< Table 3 Treatment schedules for studies included in analysis which reported total dose in 334 

hours > 335 

< Table 4 Treatment schedules for studies included in analysis which reported total dose in 336 

hours and therapeutic elements > 337 

 338 
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Dose effects 339 

Evidence from studies reporting dose in hours 340 

Two large, high quality pragmatic RCTs provide conflicting evidence of dose effects 341 

in speech and language interventions. In the early phase of recovery, Bakheit and colleagues 342 

[42] found no significant difference between participants randomly assigned to receive 60 343 

hours (intensive group, n = 51) compared to 24 hours (conventional group, n = 48) of 344 

individualised language intervention over 12 weeks. None of the participants in the intensive 345 

group received the full dose of treatment. Subgroup analysis of 13 participants from the 346 

intensive group who attended over 80% of prescribed sessions (receiving a mean dose of 51.6 347 

hours compared to 19.2 hours in the conventional group) also failed to demonstrate between-348 

group difference in language performance (WAB AQ) at any timepoint following 349 

intervention (raw data unavailable, correspondence with authors 26/2/2020).  350 

In contrast, Breitenstein and colleagues [43] found significant effects following an 351 

average of 31 hours of speech and language therapy (intervention group, n = 78) vs. 4.5 hours 352 

(control group treatment deferral, n = 78) over three weeks in the chronic phase of recovery 353 

(Cohen’s d = 0.58, p = 0.0004). In addition, secondary within-group analysis of a subgroup of 354 

participants (n = 39) who received an additional three-week block of therapy showed that the 355 

mean change in ANELT A-scale score was roughly one point larger after a median of six 356 

weeks of intensive therapy (IQR 5–7) than after the initial three weeks of intensive therapy 357 

(mean ANELT A-scale at 3-week timepoint: 3.32 points [SD 5.64], 95% CI 1.35 - 5.29 vs. at 358 

6-week timepoint: 4.23 points [4.28], 2.74 - 5.73). These results suggest that a double-dose of 359 

intensive patient-specific intervention confers, on average, approximately 30% increased 360 

improvement as measured on the ANELT A-scale in the chronic phase.  361 

 362 
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Two studies investigated the effect of a double-dose of constraint-based therapy. Stahl 363 

and colleagues [45] conducted an RCT comparing high intensity Intensive Language Action 364 

Therapy (ILAT) (4 hours a day for two 2-week therapy periods) versus low intensity (2 hours 365 

a day, two 2-week blocks) for people in the chronic phase of recovery post stroke (n = 30). 366 

The two groups received different total doses (48 and 24 hours, respectively) at different 367 

intensities. Results demonstrated statistically significant improvements in language and 368 

communication outcomes for both groups (0.4 < Cohen’s d ≤ 1.4) but no significant 369 

interaction of time and group [F(3, 78) = 0.80, NS] suggesting that, while both groups 370 

improved, there was no added benefit of receiving an additional 24 hours of ILAT within a 371 

four-week treatment period.  372 

Mozeiko and colleagues [47] investigated the effect of a double administration (total 373 

dose: 60 hours) of modified Constraint-Induced Language Therapy (CILT) in a small (n = 4) 374 

quasi-experimental “AB with follow up” design. Naming accuracy and informativeness 375 

measures were compared to baseline performance after each of the two treatment phases and 376 

effect sizes calculated for each phase. Close inspection of reported effect sizes reveals 377 

variable treatment responses across participants (table 5).  378 

< Table 5 Busk & Serlin’s d effect size ranges by treatment outcome reported in 379 

Mozeiko et al., [47] > 380 

 381 

Evidence from studies reporting dose as a count of therapeutic elements 382 

Two studies employing single-case designs investigated the effect of computer-383 

assisted cued picture naming treatment on measures of language impairment in the chronic 384 

phase of post-stroke recovery.  385 

Harnish and colleagues [31] reported a case series (n = 8) exploring the effect of a 386 

cued picture naming paradigm on picture naming accuracy using a high session dose in a 387 
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“saturated” practice schedule [27, p.S287]. In this study, each picture (n = 50) was presented 388 

within a protocolised cueing hierarchy allowing eight naming attempts per picture, totalling 389 

400 naming attempts per session. The total dose was 3,200 naming attempts. Within-subject 390 

analysis demonstrated that six participants achieved statistically significant gains in picture 391 

naming accuracy after one treatment session (400 naming attempts). The remaining two 392 

participants achieved significant gains after three sessions (1,200 attempts). Based on change 393 

in confrontation naming accuracy of trained picture items, the overall treatment period 394 

yielded small (n = 5/8), medium (n = 1/8), and large (n = 2/8) Busk and Serlin’s d effect 395 

sizes, as per lexical retrieval benchmarks [55]. Six of the seven participants with follow up 396 

measures maintained these gains on trained items, and two of seven on untrained items, at 397 

approximately 60-days follow up.  398 

Building on these preliminary findings, Off and colleagues [32] compared the effects 399 

of lower- and higher-dose of therapeutic inputs on confrontation naming for people with 400 

chronic aphasia (n = 7). Pictures in the low-dose condition (n = 20) were presented once per 401 

session, whereas pictures in high-dose condition (n = 20) were shown four times. Each 402 

picture presentation involved two naming attempts, one cued and one uncued, resulting in 40 403 

naming attempts per low-dose condition and 160 per high-dose condition per session. The 404 

high-dose condition resulted in large effect sizes for two participants (P1, P7) and a small 405 

effect size for one (P2) whereas the low-dose condition resulted in a medium effect size for 406 

one participant (P7), relative to lexical retrieval benchmarks. All other effect sizes for the 407 

remaining participants and dose conditions were negligible (i.e., d < 4.0). 408 

Tau-U effect sizes were calculated for confrontation naming of treated items 409 

immediately post treatment for these two studies (figure 4). The two dose conditions 410 

administered by Off and colleagues [32] were analysed separately. Therefore, three effect 411 

sizes representing each total dose of naming attempts across the two studies are presented. 412 
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The overlap of 95% Confidence Intervals suggest that cued picture naming therapy is 413 

effective and no dose condition from these two studies is significantly superior. 414 

< Figure 4 Tau-U effect sizes in cued picture naming therapy studies exploring dose effects > 415 

 416 

DISCUSSION 417 

The aim of this systematic review was to examine and compare evidence for dose 418 

effects in behavioural treatments for post-stroke aphasia. This review is important to improve 419 

the prescription of treatment for people living with aphasia, to optimise the delivery of 420 

clinical rehabilitation services, and to inform our theoretical understanding of language 421 

processing and recovery following stroke. 422 

The investigation of dose effects in aphasia, and more broadly, stroke rehabilitation, is 423 

an emerging research area [e.g., [56]. This systematic review shows that the current state of 424 

research is exploratory; there is very limited evidence in the published literature regarding 425 

dose effects on impairment-level and activity/participation outcomes, while no evidence from 426 

these experimental studies was found for quality of life outcomes related to treatment dose. 427 

Preliminary attempts to experimentally control dose parameters have been reported and 428 

results from these studies provide a starting point from which to build a focused research 429 

agenda. Although based on limited evidence, there are a number of trends in the literature 430 

that warrant exploration. The results will now be discussed within the context of the existing 431 

literature for each research question addressed in this review. 432 

 433 

Does a larger dose of intervention result in better language and communication outcomes for 434 

people with aphasia following stoke?  435 

Unlike previous reviews, the current review specifically set out to examine dose 436 

effects in studies that provided different amounts of the same intervention. Only three studies 437 
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conducted planned comparisons of dose effects and three studies conducted exploratory post-438 

hoc analysis after participants received different doses through deviations to the prescribed 439 

treatment schedule.  440 

One study conducted in the acute-subacute phase of post-stroke recovery did not find 441 

a dose effect [42]. It has been suggested that the higher dose and more intensive group in this 442 

study did not receive enough treatment to elicit statistically significant treatment effects 443 

relative to the conventional group [57], which may be true given suspicions that behavioural 444 

stroke rehabilitation interventions are under-dosed potentially by several orders of magnitude 445 

[58, 59]. However, higher doses of treatment provided over a short duration may not be 446 

agreeable or tolerable for people in the early stages of recovery after stroke (see below). 447 

Findings are difficult to compare due to the different interventions, outcomes, and 448 

treatment schedules used. Participants in Breitenstein et al. [43] who received more therapy 449 

did so over a longer intervention duration relative to their lower-dose counterparts, while 450 

Stahl et al. [45] purposively increased the number of hours per day for the intensive group 451 

while maintaining a fixed intervention duration. In very broad terms, the data suggest that a 452 

dose of 60 hours of functional, multicomponent, patient-specific intervention provided at 10 453 

hours per week results in marginally better functional communication outcomes than 30 454 

hours [43], while a dose of 48 hours of constraint treatment (ILAT) confers no additional 455 

benefit than 24 hours provided over the same four-week intervention period when treatment 456 

effect is measured using impairment-level outcomes [45]. It is possible that functional 457 

communication may have a higher threshold to show an effect of treatment due to increased 458 

demands on multiple levels of linguistic processing and cognitive skills whereas performance 459 

on impairment-level measures, such as confrontation naming tasks, may reach a ceiling 460 

relatively sooner due to the discrete and specific nature of isolated linguistic processing skills 461 

and tasks [58, 60].  462 
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Furthermore, it was not possible to ascertain from the reported group-level data which 463 

participants were responders and the potential impact of aphasia severity on treatment 464 

response. Like Breitenstein and colleagues, Mozeiko et al. [47] found that additional 465 

treatment blocks may add value for some participants and with a diminished return. 466 

Participants with mild aphasia benefited from the second treatment phase for impairment-467 

level outcomes but not necessarily for discourse-level measures of informativeness, whereas 468 

severe aphasia may be associated with an opposite pattern of improvement, although the 469 

evidence for this assertion is based on a very small sample. This finding appears 470 

contradictory to Stahl et al. [45], which is curious given both Stahl et al. and Mozeiko et al. 471 

utilised constraint induced therapies. However, both the Mozeiko and Breitenstein studies 472 

provided 25% more treatment hours than Stahl (60 hours vs 48 hours) and perhaps this 473 

demonstrates a dose threshold. 474 

In summary, when effects of longer treatment duration were observed, the additional 475 

treatment resulted in improvements that were roughly half the size of improvements 476 

associated with the initial dose. This suggests that higher doses (even when tolerated) may be 477 

associated with diminishing returns in the chronic phase (see below). More research is 478 

required to examine correlations between aphasia severity and dose effects. 479 

 480 

Two studies demonstrated that manipulation of the delivery of therapeutic elements 481 

has the potential to increase the efficiency of treatments whereby gains in language skills can 482 

be achieved after relatively brief intervention periods [31, 32]. In traditional dose terms, the 483 

preliminary results from Harnish and colleagues [31] suggest that approximately one hour of 484 

cued picture naming treatment is sufficient to elicit modest, statistically significant gains in 485 

naming accuracy for some people with chronic aphasia. The key learnings from these studies 486 

are that treatment dose can be increased independently of treatment duration by increasing 487 
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the number of therapeutic inputs provided within a session of fixed duration and that people 488 

with aphasia across the severity continuum can tolerate these high session doses in the 489 

chronic phase of recovery. However, there is currently insufficient evidence to determine if 490 

higher session dose is superior to lower session dose for acquisition, generalisation, and 491 

maintenance of picture naming skills. Further experimental comparison of low and high dose 492 

conditions is required across larger participant cohorts, follow up periods, and using 493 

measures more closely aligned to impacts on interaction and quality of life. 494 

 495 

Does time post stroke impact dose effects? 496 

The feasibility and appropriateness of delivering high doses of language treatment 497 

over a brief intervention duration in the early recovery period following stroke is 498 

questionable [61]. High doses may need to be spread out over a longer duration to reduce 499 

treatment intensity to tolerable levels and to maximise treatment effect [33]. Furthermore, 500 

there are many sequelae of stroke that impact a person’s ability to participate in 501 

neurorehabilitation during the acute/subacute recovery phase. In the Bakheit study, nearly 502 

twice as many people from the intensive group failed to complete the prescribed therapy 503 

protocol (n = 20 intensive, n = 11 conventional); many refused treatment or were too ill to 504 

participate, particularly in the first four weeks of recovery [42]. Providing more than 50 hours 505 

of therapy to this population in the acute-subacute period of recovery therefore appears 506 

neither practical nor appropriate. This study provides a preliminary range estimate of the 507 

maximum tolerable dose of between 20 to 60 hours of treatment during the acute-subacute 508 

period. More evidence is needed to refine this range estimate for the early stages of recovery 509 

following stroke, and to determine if such ranges differ between treatments. 510 

Intervention tolerance may be less of an issue in the chronic phase of recovery. Many 511 

tolerated 48 hours [45] and some up to 60 hours [43, 47] of impairment-based treatment with 512 
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no reported increase in drop outs, refusal to participate, or increased frustration. Likewise, 513 

studies that provided high session doses were also well tolerated [e.g., [31, 32]. Although not 514 

common, some degradation of performance was noted, with 10% of participants in 515 

Breitenstein et al. [43] showing a deterioration of ≥3 points on the ANELT A-scale after 3 516 

weeks of intensive treatment. While intervention tolerance may be greater in the chronic 517 

phase, some people with aphasia may stop benefitting from treatment before it becomes 518 

intolerable [45]. There is likely to be significant variability in individual tolerance of high 519 

dose, high frequency interventions and this requires investigation.  520 

 521 

Are there specific person-level characteristics that help explain variability in dose-response 522 

relationships? 523 

Treatment responsiveness is mediated by factors intrinsic and extrinsic to the person 524 

with aphasia [62]. The mixed findings from studies included in this review may well be 525 

explained by complex interactions between person-related variables such as aphasia severity, 526 

time post stroke, and motivation as well as treatment-related variables such as intervention 527 

type and treatment schedule. Furthermore, domain-general cognitive processes such as ability 528 

to attend, maintain focus, self-monitor, and self-motivate are likely to play a significant role 529 

in intervention tolerance and, therefore, treatment response [63-65]. How and to what extent 530 

these person- and treatment-level variables mediate treatment response is not yet well 531 

understood. Large trials that recruit heterogenous samples have the advantage of producing 532 

conclusions that may be broadly applicable to diverse clinical populations at the expense of 533 

detailed person-level recommendations, [e.g., [42, 43, 45]. In small studies, sample 534 

heterogeneity often complicates the interpretation and synthesis of results while allowing 535 

deeper exploration of factors likely to explain variations in dose-response relationships, [e.g., 536 

[31, 32, 47]. 537 



Dose effects in behavioural treatment of post-stroke aphasia 

 23 

Inadequate description and control of person-level and treatment-level factors makes 538 

interpretation of these findings difficult. More experimental research is needed to explore 539 

factors mediating the dose-response relationship. 540 

 541 

Is there evidence of dose effects in specific language or communication interventions? 542 

Constraint approaches 543 

 Constraint treatments have demonstrated efficacy with a dose of 30 hours provided 544 

over two weeks [e.g., [66, 67]. It remains unclear whether similar treatment effects could be 545 

achieved with lower dose therapy. Results from the two studies comparing different doses of 546 

constraint treatments are inconsistent: Stahl et al. [45] found that 48 hours of ILAT was not 547 

superior to 24 hours over the same treatment period whereas Mozeiko et al. [47] found 548 

positive treatment effects after both treatment phases of modified CILT. Further direct 549 

comparison is required to determine the optimal dose of constraint treatments. 550 

Cued picture naming therapy 551 

Cued picture naming therapy also has demonstrated efficacy and the two studies 552 

employing cued picture naming in this review demonstrated positive treatment effects. While 553 

all participants’ picture naming improved in these studies, with some evidence of 554 

maintenance at follow up, the magnitude of improvement varied across participants and there 555 

is insufficient evidence to determine the optimal dose of cued picture naming therapy for any 556 

particular individual. 557 

 558 

Additional emerging factor: Arbitrary dose prescription 559 

To date, all dose prescription has been arbitrary. As Doogan and colleagues note: “It 560 

makes intuitive sense that our trial designs should not be constrained by a set dose when we 561 

have no clear guidance as to what this should be” [29, p.90]. To further our understanding of 562 
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the dose-response relationship, it is critical to identify appropriate individualised doses of 563 

treatment and failure to do so may contribute to inconsistent dose-effect findings. One 564 

possible step toward achieving this long-term goal is to calibrate treatment dose relative to 565 

one or more observable person-level baseline characteristics. In lexical retrieval paradigms, 566 

one such variable is naming response time, that is, the amount of time taken to correctly 567 

name a picture stimulus [68]. In picture naming treatments, there is a theoretical maximum 568 

number of pictures that can be named in a given amount of time for a given individual. It may 569 

be possible to use an individual PWA’s baseline picture naming response times to 570 

theoretically determine a maximum session dose for that individual against which alternative, 571 

lower doses could be calibrated. Within-subject comparison of individualised dose conditions 572 

may elucidate a ‘sweet spot’ at which optimal acquisition and maintenance of picture naming 573 

skills is achieved. Future research should explore individualised calibration of dose relative to 574 

baseline person-level characteristics. 575 

 576 

Future directions for research on treatment dose in post-stroke aphasia  577 

Consensus definitions for dose parameters in aphasia interventions are required. 578 

Inconsistent measurement and reporting of dose parameters across the aphasia literature 579 

stems from a lack of standard definitions [19]. Multidisciplinary collaboration across stroke 580 

recovery is required to establish core dose constructs. Consistent use of terminology will 581 

have important implications for the development, implementation, and evaluation of dose 582 

effect studies, for synthesis of data across these studies, for the theoretical exploration of 583 

what drives treatment response in these interventions, for clinical decision-making regarding 584 

service delivery, and for health policy makers. Once consensus definitions are in place, 585 

reporting guidelines (e.g., TIDieR) need to be extended to encourage systematic routine 586 

measurement and reporting of dose parameters. 587 
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More research is required comparing the effects of higher and lower doses of the 588 

same intervention on the acquisition, maintenance, and generalisation of language skills and 589 

communication. As yet, no group-level studies have attempted to comparatively manipulate 590 

therapeutic elements to examine dose effects. Large-scale studies should be informed by 591 

evidence from high-quality single-case experimental design studies exploring which 592 

therapeutic elements confer treatment effects and how these effects are mediated by person- 593 

and treatment-level factors. Furthermore, the use of alternative study designs (e.g., dose 594 

escalation or dose ranging methodologies) should be explored for applicability to aphasia 595 

treatment research. 596 

Finally, sophisticated modelling techniques (e.g., linear mixed effects, Bayesian 597 

approaches) are required to estimate the relative effects of session dose, session frequency, 598 

intervention duration, and treatment intensity on treatment outcomes. 599 

 600 

Limitations 601 

There are a number of limitations pertaining to the studies included in the review and 602 

the methods employed in conducting the review. 603 

Limitations of included studies 604 

The small-scale studies included in this review are quasi-experimental. Experimental 605 

small-scale designs are required to explore causal dose-response relationships before scaling 606 

up to Phase II dose feasibility studies and Phase III dose effectiveness studies. Intensity and 607 

dose are confounded in the studies included in this review, meaning that more careful work is 608 

needed to determine what dose effects are independent of intensity. Furthermore, there is an 609 

absence of discussion regarding task difficulty as a parameter of dose and intensity in the 610 

aphasia literature. Ultimately, the small number of disparate studies comparing the effect of 611 
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providing different amounts of the same post-stroke aphasia intervention precluded 612 

conclusive answers to our research questions.  613 

Limitations of review methods 614 

In conducting a recent scoping review [19], we found a number of dose comparison 615 

studies and determined it would be appropriate to attempt meta-analysis of data from these 616 

studies. The decision to conduct meta-analysis was made after considerable work had been 617 

conducted. Therefore, this review was not protocolised or registered with PROSPERO.  618 

Our meta-analysis of single-case data was limited to an exploration of skill 619 

acquisition and did not address maintenance or generalisation. For these studies, we chose to 620 

calculate Tau-U, which is gaining popularity as an adjunct to traditional visual analysis [69]. 621 

However, it is only a valid comparison of adjacent phases [40]. In impairment-based aphasia 622 

treatments, the treatment effect is not predicted to resolve in the post-treatment phase, 623 

therefore we could not compare baseline to maintenance phases (e.g., Harnish data). Further, 624 

it was not possible to calculate Tau-U for the Mozeiko study which provided double dose 625 

across different treatment levels with an intervening no-treatment period. Alternative 626 

statistical methods for evaluating, modelling, and synthesising treatment response would 627 

assist future analysis. 628 

 629 

CONCLUSION 630 

Treatment dose research in aphasia is an emerging area with few studies comparing 631 

different doses of the same intervention. There are indications in the literature that increased 632 

dose may confer greater improvement on language and communication measures, but with 633 

diminishing returns over time. Large-scale group studies comparing dose effects have used 634 

total hours of treatment as the measure of dose which lacks the specificity to examine dose-635 

response relationships. Conversely, small-scale studies experimentally exploring therapeutic 636 
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elements provide a test bed for closer examination of person- and treatment-level factors 637 

mediating treatment response. A dedicated and coordinated research agenda is required to 638 

systematically explore dose-response relationships in post-stroke aphasia research.  639 
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Figure 3 RoBiNT scale scores for included single case design studies with cut-off score ≥12  818 

Figure 4 Tau-U effect sizes in cued picture naming therapy studies exploring dose effects   819 
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Table 1 Search terms relating to treatment dose in aphasia 820 

Population Intervention Qualifier 

Aphasia/ 

Dysphasia/ 

(aphasia OR dysphasia).ti.ab 

Therapy/ 

Intervention/ 

Treatment/ 

Rehabilitation/ 

(therap* OR intervention OR 

treatment OR rehab*).ti.ab 

Dose/ 

Dosage/ 

Amount/ 

Intensity/ 

Frequency/ 

(dose* OR dosage* OR amount* 

OR intensi* OR frequenc*).ti.ab 

  821 
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Table 2 Data items extracted from selected studies 822 

Domain Data items 

Study characteristics Author name, year, title, study design, ICF domain (i.e., 

impairment, activity/participation), treatment description, 

aphasia chronicity, and key findings relevant to dose 

Participant 

characteristics 

Sample size, age, education, gender, handedness, time post-

onset, aetiology, aphasia type and severity, and aphasia severity 

rating measure 

Dose characteristics Session dose (duration and/or elements), session frequency, total 

intervention duration, total sessions, total dose (hours), total 

dose (elements) 

Results Statistical analyses utilised, acquisition, generalisation, 

maintenance 

  823 
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Table 3 Treatment schedules for studies included in analysis which reported total dose in hours 824 

Study, design, and sample size 

  

SESSION DOSE SESSION FREQUENCY INTERVENTION DURATION TOTAL DOSE 

In minutes Per week In weeks In time 

Bakheit et al. [42] 

   RCT 

   n = 51 intensive group (IG)    

   n = 48 conventional group (CG) 

      Subgroup n = 13 from IG 

60 minutes 

Prescribed, actual mean (SD) 

 

IG: 5x/week, 3.1 (1.4) 

CG: 2x/week, 1.6 (0.5) 

   Subgroup: 4.3 (1.0) 

12 weeks 

Prescribed, actual mean (SD) 

 

IG: 60 hours, 35.6 (16.4) 

CG: 24 hours, 19.3 (6.4) 

   Subgroup: 51.6 (12.0) 

Breitenstein et al. [43] 

   RCT 

   n = 78 intervention (IG) 

   n = 78 control/treatment deferred (CG) 

      Subgroup n = 34  

         n = 19 from IG 

         n = 15 from CG 

At least 60 minutes of 

individual/group treatment 

 

At least 60 minutes of self-

directed treatment 

At least 10 hours per week with 

therapist 

 

At least 5 hours per week of self-

directed treatment 

Prescribed, actual median (IQR) 

 

IG: At least 3 weeks, 4.8 (IQR 3.0-5.6) 

CG: 4.0 (3.0-5.0) 

 

Subgroup: 6 weeks (5-7) 
 

Prescribed, actual median (IQR) 

 

IG: 30 hours, 31 (30-34.5) 

CG: 0 hours, 4.5 (3.0-6.8) 

 

Subgroup 

IG: 51.8 hours (47.2-58.0) 

CG: 48.0 hours (44.0-56.8) 

Stahl et al. [45] 

   RCT 

   n = 30 

60 minutes 
G1: 4 hours/day, 3x/week 

G2: 2 hours/day, 3x/week 
2 weeks x 2 = 4 weeks 

Group 1: 48 hours 

Group 2: 24 hours 

Mozeiko et al. [47] 

   Case series AB+ design 

   n = 4 

180 minutes 5x/week 2 weeks x 2 = 4 weeks 60 hours 

  825 
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Table 4 Treatment schedules for studies included in analysis which reported total dose in hours and therapeutic elements 826 

Study, design, and sample 

size 

  

SESSION DOSE 
SESSION 

FREQUENCY 

INTERVENTION 

DURATION 
TOTAL DOSE 

In minutes In therapeutic elements Per week In weeks In time In therapeutic elements 

Harnish et al. [31] 

   Case series AB+ design 

   n = 8 

60 minutes 

50 picture presentations x 

8 naming attempts per picture 

= 400 naming attempts per session 

4x/week 2 weeks 8 hours 
400 picture presentations  

3200 naming attempts 

Off et al. [32] 

   Case series AB+ design 

   n = 7 

~60 minutes 

20 pictures per dose condition  

 

Low dose condition  

1 presentation per picture with 2 naming attempts = 

40 naming attempts per session 

 

High dose condition 

4 presentations per picture with 2 naming attempts = 

160 naming attempts per session 

 

Total per session: 100 picture presentations, 200 

naming attempts 

2-3x/week Up to 5 weeks 6-15 hours 

Picture presentations 

Low dose: 120-300 

High dose: 480-1200 

Total: 600-1500 

 

Naming attempts 

Low dose: 240-600 

High dose: 960-2400 

Total: 1200-3000 

827 
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Table 5 Busk & Serlin’s d effect size ranges by treatment outcome reported in Mozeiko et al., 828 

[43] 829 

 Outcome Treatment phase 1 Treatment phase 2 

Im
pa

irm
en

t 

Naming trained 

items 

4.33 – 27.58 

Participants with mild aphasia (n = 2) had larger 

ESs than participants with severe aphasia (n = 2) 

-1.06 – 40.31 

Only participants with mild aphasia 

demonstrated a response to second treatment 

phase. 

Naming 

untrained items 

-0.86 – 21.92 

Negligible treatment effect for participants with 

severe aphasia across both phases. 

0.71 – 47.06 

Participants with mild aphasia had larger 

treatment effects after the second treatment 

phase than after the first treatment phase. 

D
isc

ou
rs

e 

Average CIUs in 

narrative task 

 

CIUs/min 

0.57 – 9.55 

 

 

-32.09 – 10.58 

 

One participant with severe aphasia had large 

ES. Negligible ESs for other participants. One 

participant with mild aphasia had a marked 

decrease in CIUs/min although visual inspection 

suggests this result is due to a single outlier. 

-0.63 – 12.22 

 

 

-1.94 – 12.17 

 

A different participant with severe aphasia had 

large ES but no effect following first phase. 

Negligible ESs for other participants. 

% CIUs of total 

word count 

-0.19 – 2.38 

Negligible ESs for all participants. 

-2.90 – 4.66 

One participant with mild aphasia had small ES 

after second treatment phase. Negligible ESs for 

other participants. 

 830 


