1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Arch Phys Med Rehabil. Author manuscript; available in PMC 2020 June 01.

-, HHS Public Access
«

Published in final edited form as:
Arch Phys Med Rehabil. 2019 June ; 100(6): 1131-1139.e87. doi:10.1016/j.apmr.2018.08.177.

Benchmarks of significant change after post-stroke language
rehabilitation

Natalie Gilmore, MS, CCC-SLPL", Michaela Dwyer!, and Swathi Kiran, PhD, CCC-SLP
1Boston University, Sargent College of Health and Rehabilitation Sciences, Speech, Language,
and Hearing Sciences, Aphasia Research Laboratory, Room 326, 635 Commonwealth Avenue,
Boston, MA, 02215

Abstract

Objective: To establish benchmarks of significant change for aphasia rehabilitation outcome
measures (i.e., Western Aphasia Battery-Aphasia Quotient [WAB-AQ], Communicative
Effectiveness Index [CETI], Boston Naming Test [BNT]) and assess if those benchmarks
significantly differed across subgroups (i.e., time post onset, dose frequency, treatment type).

Data Sources: A comprehensive literature search of 12 databases, reference lists of previous
reviews, and evidence-based practice materials was conducted.

Study Selection: Randomized-controlled trials, quasi-experimental studies, single-subject
design, and case studies that used a standardized outcome measure to assess change were
included. Titles and full-text articles were screened using a dual review process. 78 studies met
criteria for inclusion.

Data Extraction: Data were extracted independently and 25% of extractions were checked for
reliability. All included studies were assigned quality indicator ratings and an evidence level.

Data Synthesis: Random-effects meta-analyses were conducted separately for each study
design group (i.e., within/between group comparisons). For within group designs, the summary
effect size after aphasia rehabilitation was 5.03 points (95% confidence interval: 3.95-6.10, p<.
001) on the WAB-AQ, 10.37 points (6.08-14.66, p < .001) on the CETI and 3.30 points (2.43-4.18,
p<.001) on the BNT. For between group designs, the summary effect size was 5.05 points
(1.64-8.46, p=.004) on the WAB-AQ, and .55 points (-1.33, 2.43, p=.564) on the BNT, the latter
of which was not significant. Subgroup analyses for the within group designs showed no
significant differences in the summary effect size as a function of dose frequency, or treatment

type.

Conclusions: This study established benchmarks of significant change on three standardized
outcome measures used in aphasia rehabilitation.
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Thirty to forty percent of stroke survivors experience aphasia.l While numerous systematic
reviews and meta-analyses have demonstrated aphasia rehabilitation efficacy,2- none have
provided the average significant change, or summary effect size (ES) by outcome measure, a
valuable metric for practitioners and researchers. Robey’s hallmark meta-analyses?4>
showed a positive aphasia treatment effect, but were segregated by study design and focused
on identifying the effect size for different conditions (e.g., treated vs untreated recovery).
Similarly, the most recent Cochrane review3 demonstrating speech therapy efficacy,
synthesized data from randomized controlled trials only, excluding a wealth of aphasia
treatment data. Furthermore, effect sizes were represented as standardized mean differences
for specific behaviors (e.g., verbal expression), not for specific outcome measures (e.g.,
Western Aphasia Battery-Aphasia Quotient® [WAB-AQ]).

Another option is to synthesize results by outcome measure to obtain a summary ES (i.e.,
raw unstandardized mean difference),” which can be used to interpret meaningful change on
a specific assessment post-treatment. Clinicians and researchers frequently utilize standard
error of measurement (SEM) to interpret a test score’s meaningfulness after intervention.
However, summary ES is a more appropriate metric. It reflects the treatment effect’s size’
and can be used to interpret group data, as opposed to SEM, which is more relevant for
interpreting individual scores.8

Numerous aphasia assessment instruments exist® for assessing impairment (i.e., Body
Structure/Function), functional communication (i.e., Activity/Participation), psychosocial
functioning (i.e., Contextual Factors) and well-being (i.e., Quality of Life [QOL]). It is not
surprising then that practicing speech-language pathologists!®-12 and researchers314 use
measures inconsistently making synthesis and comparison across trials challenging.

Wallace and colleagues proposed a core outcome set (COS)13:15-18 for aphasia, specifying a
minimum set of outcomes that should be administered to persons with aphasia as standard
practice (i.e., WAB, The Scenario Test, General Health Questionnaire-12, SAQOL-39g) to
increase consistency. Yet, the summary ES for these measures remains unknown. Given the
potential benefits to clinical and research practice, a systematic review of behavioral aphasia
intervention studies with meta-analyses was conducted with two aims: 1) To calculate the
summary ES reported on the most frequently-used and relevant outcome measures; and 2)
To determine if the summary ES significantly differed across subgroups for each outcome
measure (i.e., time post onset, dose frequency, treatment type).

METHODS

This study followed the Preferred Reporting Items for Systematic Review and Meta-
analyses: the PRISMA Statement® guidelines and was registered at the International
prospective register of systematic reviews, PROSPERO, under the identification number
CRD42016039393.

Inclusionary Criteria

Randomized-controlled, quasi-experimental, single-subject design, and case studies with an
n = 3 were included if they (1) assessed the effect of a behavioral aphasia intervention and
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(2) used a standardized outcome measure to evaluate change post-treatment as compared to
pre-treatment (i.e., data from two time points).

Literature search

The following databases: PubMed, EMBASE, CINAHL, PsycINFO, SpeechBite, LLBA,
PLoS, Worldcat, Web of Science, Ageline, Scopus, and Google Scholar were searched (see
Supplementary Material 1 for sample search strategy) from 5/24/2016-08/26/2016.
Reference lists of relevant systematic reviews, meta-analyses and professional organization
materials were reviewed. Search terms were modified to meet each database’s requirements.
Grey literature was removed during screening. All citations were managed using Zotero2°
and exported to Excel for screening and data extraction.

Study Selection and Data Extraction

Two reviewers (first two authors) independently screened 9,285 titles and abstracts against
inclusionary criteria (96% inter-reviewer reliability). Full-text articles were obtained for
records that met all criteria. Both reviewers screened 858 full-text articles against the
inclusionary criteria (90% inter-reviewer reliability). Disagreements were resolved through
discussion and searching the full-text. Study exclusion rationale was documented (Figure 1).
When results from the same dataset were included in multiple publications, only the
publication with the greatest sample size was included. Both reviewers extracted the
following data from the full-text: the standardized outcome measure used to measure
intervention-related change, presence/absence of data from two time points, study design,
sample size, testing time points, and population treated (i.e., stroke survivors and/or
caregivers).

The number of studies using each standardized outcome measure was calculated. Based on
the measure’s use frequency (Supplementary Material 2), field relevance (i.e., part of
aphasia COS), and disability domain 2122 measured (i.e., Body Structure/Function, Activity/
Participation, Contextual Factors and/or QOL), the WAB-AQ, the Communicative
Effectiveness Index23 (CETI) and the Boston Naming Test24 (BNT) were chosen for meta-
analysis. To have a power of .80 to detect an effect size of .50 using a random-effects
model, outcome measures with cumulative sample sizes across within group studies < than
100 were excluded and/or if the measure was used in less than < 10 studies.2> The
contextual factor and QOL COS measures were excluded from meta-analysis because 1) the
12-item General Health Questionnaire was only used in 1 study and 2) sensitivity to change
had already been established6:2 for the Stroke and Aphasia Quality of Life Scale-39. 78
studies met eligibility for meta-analysis. Both reviewers extracted the following data from
these studies: age, sex, aphasia type and severity, time post onset, treatment type and
description, session length, weekly session frequency, testing time points, treatment length,
pre- and post-treatment test score correlation, and pre- and post-treatment mean (SD) on the
WAB-AQ, CETI and/or BNT.

Studies were classified as including an acute (i.e., < 6 months post stroke onset) or chronic
sample; providing a lower dose frequency (i.e., < 4 hours/week) or a higher dose frequency;
and utilizing an impairment-based (i.e., treated discrete deficits), activity/participation-based
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(i.e., targeted everyday communication) and/or integrated (i.e. combined impairment and
activity/participation level approaches) treatment. According to Warren, Fey and Yoder,
2007,28 dose frequency is the number of times an intervention was provided daily and
weekly.

The same two reviewers responsible for screening divided the data extraction. Each reviewer
extracted data for 25% of the others' studies (98% inter-reviewer reliability). Reviewers
contacted original authors for additional data needed to calculate effect sizes as needed.

Quality Assessment

The same two reviewers independently appraised included studies’ quality using indicators
identified by the American Speech-Language Hearing Association (ASHA) level of
evidence scheme.2%:30 See Supplementary Material 3 for quality indicator details. Quality
indicator summative scores < 1 for within group studies [Post-treatment Mean vs. Pre-
treatment mean for the same group] and < 2 for between group studies [Experimental group
Post-treatment Change vs. Control group Post-treatment Change] were excluded for poor
quality. Reviewers assigned each study’s evidence level using ASHA3! guidelines originally
proposed by the Scottish Intercollegiate Guidelines Network32 (i.e., 1B: randomized
controlled study; I1A: non-randomized controlled study; 11B: quasi-experimental study; I11:
non-experimental studies).

Data Analysis

Individual patient results from studies with sample sizes = three were averaged to calculate a
group mean and SD. Pre-post treatment correlation scores were calculated for studies
providing individual subject data as follows: Pre-treatment SD + Post-treatment SD —
Change SD/ 2 * Pre-treatment SD * Post-treatment SD.33 When it could not be computed,
the average of the observed pre-post treatment correlation coefficients was used.3* For
crossover designs, data were extracted after both treatment phases, as long as both involved
the same treatment type (i.e., impairment, activity/participation and/or integrated). For the
WAB-AQ within group analysis, a weighted mean and SD was calculated for the Cherney,
2010 study as the published results were split by severity and for the Mozeiko et al., 2016
study, data for the higher dose frequency and lower dose frequency groups were entered
separately.

Meta-analyses were conducted independently for within and between group study designs to
avoid methodological concerns involved in transforming to a common metric.3® After group
averages were calculated for both time points, single-subject design and case study data
were included in the within group meta-analyses.

Meta-analyses for each outcome measure for both study designs were performed using
Comprehensive Meta-Analysis software.36 As heterogeneity between studies was
anticipated, a random-effects model was used to combine individual study results into a
summary ES (i.e., raw unstandardized mean difference). Raw unstandardized mean
difference was calculated because clinicians and researchers interpret raw change on these
outcome measures post-intervention, making this effect size inherently meaningful to the
field.” Q and 12 statistics were examined to determine the extent of any remaining
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heterogeneity across studies. Even if the heterogeneity was low (i.e., non-significant and <
75%), subgroup analyses were conducted to assess summary ES differences depending on
recovery stage, treatment type, and dose frequency. Sub-group analyses were corrected for
multiple comparisons using the Bonferroni correction method.

Subgroup Analyses

Although no significant heterogeneity was present in the overall summary ESs, subgroup
analyses were performed to investigate for summary ES differences due to these variables.
As > 5 studies per subgroup are required to conduct a valid subgroup analysis,’ the same
subgroup analyses were not feasible for all outcome measures and study design groups.
Subgroup analyses were conducted with the following variables, outcome measures, and
study designs: 1) dose frequency for within group studies using the WAB-AQ, CETI, and
BNT and 2) treatment type for within group studies using the WAB-AQ and BNT. No
subgroup analyses were conducted to assess for differences in summary ES related to TPO
as the nearly all of the within group studies included participants in the chronic phase. No
subgroup analysis was conducted to assess for a difference in summary ES according to
treatment type for within group studies using the CETI, or any of the between group study
designs as there were < 5 studies in each subgroup.

Funnel plots for meta-analyses including > 10 studies were examined for asymmetry (i.e.,
within group meta-analyses only). Publication bias was objectively assessed using Begg and
Mazumdar rank correlation, Egger’s regression intercept and Duval and Tweedie’s Trim and
Fill.”

RESULTS

Aim 1: What is the summary ES post-therapy on three commonly-used outcome measures
in aphasia rehabilitation?

Study Identification/Description.—78 studies met criteria for inclusion in the meta-
analyses (i.e., within group: 70; between group: 8). Descriptive information and references
for these studies can be found in Supplementary Materials 4 through 9.

Within group study designs.—Combining individual studies’ findings resulted in a
significant summary ES indicating a positive treatment effect across all three outcome
measures. On the WAB-AQ (53 studies, n=522), the summary ES on the raw
unstandardized mean difference was 5.03 points, (95% confidence interval [CI]: 3.95-6.10, p
<.001). No significant heterogeneity was found (Q = 50.79, df = 52, p=.52; 12=0). The
CETI summary ES (17 studies, n=208), was 10.37 points (6.08-14.66, p < .001). No
significant heterogeneity was found (Q = 16.47, df = 16, p= .42; 12 = 2.86). The summary
ES for the BNT (36 studies, 7= 347), was 3.30 points (2.43-4.18, p < .001). No significant
heterogeneity was found (Q = 42.17; df = 35; p=.19; 12 = 17.01). See Figures 2 and 3 for
forest plots depicting the variability across studies.

Publication bias for within group meta-analyses.—No marked asymmetry was
noted in funnel plots for any of these meta-analyses (Supplementary Materials 10). For the
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WAB-AQ, both the Egger’s regression intercept (8= 1.31, Cl = (-.11, 2.72), £(51) =1.86, p
=.04) and the Duval and Tweedie’s Trim and Fill (Observed point estimate = 5.03(3.95,
6.10); Imputed point estimate = 5.88 (4.74, 7.02)) suggested the presence of publication bias
for the WAB-AQ (i.e., missing positive studies). There was no significant presence of
publication bias for the CETI meta-analysis (1-tailed p > .05). For the BNT, the Duval and
Tweedie’s Trim and Fill revealed the presence of publication bias (Observed point estimate
= 3.30(2.43, 4.18); Imputed point estimate = 2.97(2.02, 3.92)) (i.e., missing negative
studies). In both cases where publication bias, was indicated, the SES shifted only minimally
(i.e., < 1 point, within the confidence interval), verifying that the within group SESs reported
for all three outcome measures are valid and can be utilized with confidence.

Between group study designs.—On the WAB-AQ (6 studies, Experimental 7= 119;
Control n=99), the summary ES on the raw unstandardized mean difference between the
experimental and control groups was 5.05 (1.64-8.46, p < .01). No significant heterogeneity
was found (Q = 5.26, df = 5, p=.39; 12 = 4.87). No between-group meta-analysis was
conducted for the CETI as only one publication using it to measure post-intervention change
was identified. On the BNT (5 studies, Experimental 7= 66; Control /= 35), the raw
unstandardized mean difference between the experimental and control groups at post-
treatment was .55 (-1.33-2.43, p=.56). There was no significant heterogeneity between
included studies (Q = .86, df = 4, p=.93; 12 = 0). See Figure 4 for forest plots that illustrates
the variability across studies.

Publication bias for between group meta-analyses.—Due to the low sample size in
the between group study design meta-analyses,3” funnel plots could not be validly assessed
for the presence of publication bias.

Aim 2: Does the summary ES vary according to time post onset, dose frequency and/or
treatment type?

There were no statistically significant differences between summary ESs for any of the
within group study design subgroup analyses completed (i.e., dose frequency for WAB-AQ,
CETI, and BNT; treatment type for WAB-AQ and BNT). See Table 1 for results and
Supplementary Materials 11 for forest plots.

Quality Appraisal

For within group study designs, 73% of studies included in the meta-analyses were level 111
evidence,2%:31 26% were 11B, and 1% were IIA. For between group study designs, 50% were
classified as 1B, 38% as I1A, and 13% as IIB level evidence. None of the 78 studies selected
for meta-analysis were excluded from the analysis based on their quality, which is
unsurprising as studies of poorer quality were likely excluded during the two initial
screening phases. See Table 2 for summative quality indicator scores for both study designs.
For within group studies, most studies had summative scores of 3, with higher scores
indicating better quality. For between groups comparisons, the majority of studies using the
WAB or BNT had summative scores of 7 or 5, respectively. Individual study ratings are
included in Supplementary Materials 4-8. The percentage of studies meeting criterion for
each specific quality indicator are available in Supplementary Material 12.
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DISCUSSION

This study established benchmarks for significant change on three outcome measures used in
aphasia rehabilitation to assess severity, functional communication, and naming ability.
Practitioners can use these metrics to objectively demonstrate improvement in their clients
following treatment, an essential element of clinical practice that directly influences
reimbursement and clients’ duration of services. Likewise, researchers can reference the
reported summary ESs when quantifying change from experimental interventions, but also
when conducting a priori power analyses for future studies. The latter analyses require
estimating the effect size,38 which is not consistently reported in published aphasia treatment
studies,3? further emphasizing the utility of this study’s benchmarks.

The relationship between the summary ESs established in this study and each outcome
measure’s SEM must be discussed. WAB-AQ summary ESs (Within group: 5.03; Between
group: 5.05), were equivalent to its SEM of 5, which has been framed as a metric of
clinically meaningful improvement.4%-42 On initial inspection, the adjacency of these two
values suggests a diminished effect of aphasia rehabilitation as measured by the WAB-AQ.
However, the seminal work of Hula, Donovan, Kendall & Gonzalez-Rothi, 2010,42
demonstrating that the WAB-AQ’s SEM was actually closer to 2 for AQs between 28-68, but
much higher (i.e., up to 12) for scores outside that range (i.e., AQs of 0-27, 69-100) serves to
clearly distinguish the summary ES established in this study from measurement error. Future
research should examine how the WAB-AQ summary ES varies for persons with more mild
or severe aphasia and examine which treatment approaches result in summary ESs well
outside of the SEM for all severity groups. The CETI’s summary ES of 10.37 was well
above its SEM of 5.87,23 suggesting that those improvements were not due to variations
inherent to measurement alone. Lastly, the summary ES for the BNT of 3.30 was also higher
than its SEM of 2.04,%3 supporting its validity as a metric of intervention-related
improvement. Importantly, the summary ESs were consistent across treatment approaches
and dose frequencies as none of the meta-analyses demonstrated significant heterogeneity,
nor were any of the sub-group analyses significant.

This study provides a unique contribution to the literature on aphasia rehabilitation as it
included studies according to the outcome measure used to assess change as opposed to by
study design, as in previous systematic reviews and meta-analyses.23 This methodological
shift is valuable as rather than conducting only meta-analyses with between group
comparisons, separate meta-analyses were also conducted using within group study
comparisons, including single subject design studies. This approach allowed for the
inclusion and synthesis of a larger body of the treatment literature in the field than previous
reviews. In summary, this work adds to the body of literature that confirms a positive effect
of aphasia treatment and further, provides benchmarks for significant change.

Nonetheless, some open questions remain. In order to maintain adequate power to conduct
meta-analyses, a number of studies employing less-frequently used outcome measures were
excluded (e.g., assessing contextual factors). Secondly, subgroup analyses could not be
conducted between acute and chronic participant studies. Third, as the summary ES for the
WAB-AQ was only notably higher than the SEM for a range of AQs (i.e., 28-68), it should
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be tested whether a higher benchmark for improvement should be used for individuals who
are more mild or severe, or a different assessment measure altogether.

Study Limitations

All systematic reviews and meta-analyses are susceptible to publication bias. Although
funnel plots for the within group designs were largely symmetric, publication bias was
detected in the within-group WAB-AQ and BNT analyses. However, the point estimates
varied minimally and thus, the observed summary ESs for those measures should be

considered valid.

CONCLUSIONS

By combining evidence from existing treatment studies, the present systematic review and
meta-analyses establishes valuable benchmarks of change for three frequently used outcome
measures. Furthermore, it confirms that aphasia rehabilitation is indeed effective.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Study name Statistics for each study Difference in means and 95% CI
Difference  Lower Upper

in means limit limit  p-Value
Aftonomos et al. 1999 9.100 5.571 12.629 0.000 ——
Archibald et al. 2009 6.350 -0.659 13.359 0.076 =
Babbit & Chemey 2015 7.300 4.866 9.734 0.000 ——
Bakheit et al. 2005 23100 19.866 26.334 0.000 —i
Ball et al. 2011 5070 0.344 9.79 0.036 ——
Beeson et al. 2003 -0.840 -2363 0.683 0.280 k3
Boles 1997 3.400 0688 7.488 0.103 ——
Breier et al. 2006 2230 -2.116 6.576 0.315 -
Brown & Chobor 1989 8.400 4.771 12.029 0.000 ——
Chemey et al. 2008 3.700 -3.654 11.054 0.324 —_—T
Chemey & Halper 2008 2100 -2.547 6.747 0.376 ——
Chemey 2010 2390 3342 8.122 0.414 —_——
Doyle et al. 1987 3.600 2353 4.847 0.000 =
Duncan et al. 2016 2620 -1.708 6.948 0.235 el
Edmonds & Kiran 2006 10.000 0.202 19.798 0.045
Edmonds et al. 2009 8270 5912 10.628 0.000 —
Edmonds et al. 2014 6.170  3.098 9.242 0.000 —i—
Falconer & Antonucci 2012 2850 0.650 5.050 0.011 -
Farogi-Shah 2008 7.400 4.693 10.107 0.000 ——
Farogi-Shah 2013 17.600 6.160 29.040 0.003
Ferguson et al. 2012 5250 -0.659 11.159 0.082 ——
RK. Johnson et al. 2008 0.530 -12.161 13.221 0.935
ML. Johnson et al. 2014 13.050 3.350 22.750 0.008 -—
Kendall et al. 2008 5650 3.333 7.967 0.000 —
Kendall et al. 2014 4900 1.793 8.007 0.002 ——
Kendall et al. 2015 3970 0805 7.135 0.014 —a—
Kiran & Thompson 2003 8220 3.179 13.261 0.001 ——
Kiran 2005 2130 8985 4.725 0.542 —_——
Kiran & Johnson 2008 4000 1570 6.430 0.001 —
Kiran 2008 9.060 5.397 12.723 0.000 —i—
Kiran et al. 2009 2.830 0.187 5473 0.036 i
Kiran et al. 2011 3.130 0.031 6.229 0.048 ——
Lesseret al. 1986 6.510 2278 10.742 0.003 —l
Macauley 2006 1.030 -1.147 3.207 0.354 -
Marshall et al. 2015 2300 4982 9.582 0.536 —_—
Milman et al. 2014a 5600 3442 7.758 0.000 -
Milman et al. 2014b 7.700 -1.088 16.488 0.086
Mozeiko et al. 2016_| 8.300 4.125 12475 0.000 ——
Mozeiko et al.2016_D 2880 0981 6.741 0.144 -+
Purdy & Wallace 2015 3.360 0.692 6.028 0.014 —a—
Raymer et al. 2006a 4.080 -2875 11.035 0.250 —_——
Raymer et al. 2006b 4790 1.735 7.845 0.002 ——
Raymer et al. 2012 6.490 0421 13401 0.066 &
Rider et al. 2008 1.130 -1.648 3.908 0.425 —i—
Rodriguez et al. 2006 3.050 -0.121 6.221 0.059 ——
Rose et al. 2013 4520 1516 7.524 0.003 -
Sandberg et al. 2015 3.800 0.597 7.003 0.020 ——
Schneider & Thompson 2003 4.170 1.500 6.840 0.002 —a—
Silkes 2015 1.200 -2410 4.810 0.515 —l—
Steele et al. 2014 3.500 0.236 6.764 0.036 ——
Thompson et al. 2003 2180 -1.847 6.207 0.289 -1
Walleret al. 1998 7.000 0.992 13.008 0.022 —_——
Wilson et al. 2012 6.180 2.022 10.338 0.004 -l

5.025 3.952 6.099 0.000 @
-25.00 -12.50 0.00 12.50 25.00
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Figure2.
Summary effect sizes for within group studies reporting the Western Aphasia Battery-

Aphasia Quotient (WAB-AQ). The difference in means column reflects the pre-treatment
mean subtracted from the post-treatment mean. The lower and upper limits columns show
the 95% confidence interval surrounding the difference in means. The p-value indicates the
significance of the effect. The final row describes the summary effect size, 95% confidence
interval, and p-value. The diamond represents the summary effect size. The squares reflect
effect sizes of individual studies.
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C icative Efecti Index
Model Study name Statistics for each study Difference in means and 95% CI
Difference Lower Upper
in means limit  limit p-Value

Babbitt et al. 2015 11400 7.785 15015 0.000 ——
Aftonomos etal. 1999 19.800 12995 26.605 0.000 ——
van der Gaag et al. 2005 9700 -0.794 20.19%4 0.070 e
Barthel et al. 2008 9200 -2673 21.073 0.129 &
Rose etal. 2013 9290 4611 13969 0.000 —a
Edmonds et al. 2014 32670 25828 39.512 0.000
Rodriguez etal. 2013 13.700 3254 24.146 0.010
Steele etal. 2014 17.800 6.306 29.2%4 0.002 F’
Wison et al. 2012 11.625 5700 17.550 0.000
Code et al. 2010 12500 -2.981 27.981 0.114
Raymer et al. 2012 -5093 -14.893 4706  0.308 -
Wambaugh et al. 2012 7500 -1.144 16.144 0.089 ——
Nickels & Osborne 2016 -0.750 -10.464 8964  0.880
Archibald et al. 2009 10.000 -1.316 21.316 0.083 —
Johnson et al. 2008 12656 -2.868 28.181 0.110
Miman et al. 2014a 1.067 -5993 8126  0.767
Sorin-peters & Behrmann 1995 -2.333 -16.751 12.084 0.751 —

Random 10.371  6.079 14.663 0.000

-25.00 25.00

Boston Naming Test

-12.50 0.00 12.50
Negative Effect Positive Effect

Model Study name

Statistics for each study

Difference Lower Upper
inmeans limit limit p-Value

Difference in means and 95% CI

Aftonomos et al. 1997 11.100 5.461 16.739 0.000 —_—
Babbitt et al. 2015 4100 1.841 6.359 0.000 -
Breier et al. 2006 -1.000 -5.610 3.610 0.671 —
Edmonds & Kiran 2006 16.633 0.187 33.079 0.047
Edmonds et al. 2009 8.000 3.999 12.001 0.000 ——
Falconer & Antonucci 2012 2.750 -2.540 8.040 0.308 -
Ferguson et al. 2012 2750 -0.488 5.988 0.09% ——
Fridriksson et al. 2006 0667 -1.689 3.022 0.579
Kendall et al. 2008 3600 0.951 6.249 0.008 ~i—-
Kendall et al. 2014 0.125 -2.825 3.075 0.934
Kendall et al. 2015 3.270 -0.081 6.621 0.056 ——
Kiran & Thompson 2003 7.305 -0.076 14.686 0.052
Kiran 2005 4980 0.431 9.529 0.032 ——
Kiran & Johnson 2008 9.000 -1.540 19.540 0.094
Kiran 2008 13.000 6.126 19.874 0.000 S —
Kiran et a. 2011 0.660 -2.723 4.043 0.702 —
Kurland et al. 2014 -2.200 -7.994 3.594 0.457 —_——
Lacey et al. 2010 7.333 2.622 12.045 0.002 —a—
MacGregor et al. 2015 4420 3.097 5743 0.000 =
Miman et al. 2014b 6.333 -1.029 13.69% 0.092
Mohr et al. 2014 4370 0.577 8.163 0.024 —
Nettleton & Lesser 1991 2300 -1.485 6.085 0.234 -+
Nickels & Osborne 2016 2.000 -3.934 7.934 0.509 —_——
Raymer et al. 2006a 1.000 -1.702 3.702 0.468 I
Raymer et al. 2006b 1.220 -1.258 3.698 0.335
Raymer et al. 2012 -0.125 -5473 5223 0.963 ——
Rider et al. 2008 3667 0.210 7.124 0.038 —-—
Rodriguez et al. 2006 2250 -8.701 13.201 0.687
Rodriguez et al. 2013 2400 -3.661 8461 0.438 —_—t—
Rose et al. 2013 7.455 3.549 11.360 0.000 —
Kiran et a. 2009 0.990 -6.554 8.534 0.797 e —
Sandberg et al. 2015 2460 0.552 4.368 0.012 -
Schwartz et al. 1994 7.833 2.516 13.151 0.004 ——
Silkes et al. 2015 2500 0.803 4.197 0.004 =
van Hees et al. 2013 5.000 -0.159 10.159 0.057 ——
Votruba et al. 2013 1.200 -1.463 3.863 0.377

Random 3304 2428 4.180 0.000 *
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Figure 3.
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Summary effect sizes for within group studies reporting the Communicative Effectiveness
Index (CETI) and Boston Naming Test (BNT). Figure details are the same as for Figure 2.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gilmore et al.

Page 15

Western Aphasia Battery Aphasia Quotient

Model Study name Statistics for each study
Difference  Lower Upper
in means limit limit  p-Value
Altrrann et al. 2014 0639 -2.692 3.969 0.707
Des Roches et al. 2015 2800 -1.678 7278 0.220
Godecke et al. 2012 8.980 4449 13511 0.000
Godecke et al. 2014 12.270 73% 17146 0.000
Katz &Wertz, 1997 3200 -0.538 6.938 0.093
Veher et al. 2006 3565 -0.983 8.113 0.124
Random 5.047 1.638 8.456 0.004

Difference in means and 95% CI

5

-25.00 -12.50 0.00 12.50 25.00

Negative Effect Positive Effect

Boston Naming Test

Model  Study name Statistics for each study
Difference Lower Upper
in means limit limit p-Value
Altmenn et al. 2013 0860 -3.156 4.876 0.675
Des Roches et al. 2015 1594  -1.750 4.938 0.350
VBher et al. 2006 -0400 -6.085 5.285 0.890
Reglio et al. 2016 0.000 -3.568 3.568 1.000
Wilssens et al. 2015 -1200 -7.905 5.505 0.726
Random 0554 -1.325 2433 0.564

Difference in means and 95% ClI

-25.00 -12.50 0.00 12.50 25.00

Negative Effect Positive Effect

Figure 4.

Summary effect sizes for between group studies reporting the Western Aphasia Battery-
Aphasia Quotient (WAB-AQ) and Boston Naming Test (BNT). The diamond is the summary
effect size. The squares reflect effect sizes of individual studies. The difference in means
column reflects the post-treatment control group mean change subtracted from the post-
treatment experimental group mean change. The lower and upper limits columns show the
95% confidence interval surrounding the difference in mean change. The p-value indicates
the significance of the effect. The final row describes the summary effect size, 95%
confidence interval, and p-value. The diamond represents the summary effect size. The

squares reflect effect sizes of individual studies.
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Table 1.

Results of subgroup analyses for within group study designs

Outcome
Measure

WAB-AQ

CETI

BNT

4.50
3.64-5.36
n=10

10.05
3.83-16.28
n=25

3.55
2.33-4.76

5.17
3.72-6.61

n=5

11.02
2.81-19.24

n=9

3.39
1.75-5.02

IMP

n=33

4.42
3.09-5.76

n/a

3.18
2.09-4.27

5.10
1.73-8.47

n/a

3.89
1.65-6.14

6.48
4.38-8.57

n/a

3.34
1.18-5.49

Page 16

Note: WAB-AQ=Western Aphasia Battery-Aphasia Quotient; CETI= Communicative Effectiveness Index; BNT= Boston Naming Test; LDF =
lower dose frequency; HDF = higher dose frequency; IMP = impairment-based treatment; A/P = activity/participation-based treatment; INT=
integrated treatment
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Table 2.

Quality Indicator Summative Scores for Included Studies

Design Test N |7 6 5 4 3 2

WAB | 53 | N/A | 2 17 | 21 | 32 | 28

Within Group CETI | 17 | N/A | 12 | 24 | 35 | 67 | 18

BNT | 36 | NJA | 6 11 | 28 | 33 | 22

WAB | 6 50 33117 |0 0 0

Between Group

o|lo|lo|o|o]|r

BNT | 5 0 20180 |0 0 0

Note: Value in cell represents percentage of studies with that summative score. Within group studies could not obtain a rating of 7 because intention
to treat is not a relevant parameter for that study design. Higher scores = higher methodological quality.
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