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4.0 Rationale
Accurate perception of objects that one interacts with, through touch, is instrumental to
successfully learn and perform physical activities.1 Studies indicate that the perception
of touch, or tactile stimuli, in the upper extremities is commonly negatively impacted
after a stroke.2 A consequence of an individual experiencing a tactile deficit is having
poorer functional control of their limb movements.3 Tactile deficits may also impact
areas of the brain responsible for a wide range of other skills including body awareness,
memory, and vision.4 Despite the importance of accurate tactile perception, our
understanding of why tactile deficits occur in individuals with stroke remains poor. The
reasons for our poor knowledge regarding tactile deficits post-stroke include the minimal
focus on somatosensory deficits and limitations of existing assessments.2

Approaches for quantifying tactile perception in the human stroke population include
behavioral assessments, which require an individual to respond whether a tactile
stimulus is felt,5 and brain recordings, which indicate whether a tactile stimulus delivered
at the finger reaches an individual’s brain.6 Behavioral assessments make it possible to
determine whether a tactile stimulus is cognitively perceived. Even so, behavioral
assessments have limitations, including that information regarding the processes
occurring within the nervous system are not directly elucidated.2 Brain recordings make
it possible to determine whether a sensory stimulus applied at the periphery reaches the
brain. Yet, this approach has limitations, including potentially not identifying the location
in the nervous system where the signal transmission may be altered.
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In this review, we aim to summarize existing protocols for assessing tactile deficits in the
human stroke population. We will identify the extent to which currently available tactile
assessments can address the processes occurring within the nervous system of
individuals with stroke. For example, we will indicate whether studies have linked
outcomes on behavioral tactile assessments to activity in the brain. In addition, we will
comment on how the outcomes of the tactile assessments correspond to an individual’s
ability to perform activities of daily living. This includes describing how the tactile
assessments are executed and what the outcomes may mean for one’s execution of
volitional sensorimotor tasks. Moreover, we will discuss the relevance of these tactile
assessments for the clinical setting, including summarizing their benefits and limitations.
In turn, we will highlight the strengths of existing tactile assessments as well as identify
gaps in our understanding of when and why tactile perceptual deficits occur post-stroke
and the implications for their use in the clinical setting. Given this knowledge, the field
will be well-positioned to address areas in which our understanding of tactile perceptual
deficits occurring post-stroke can be improved. In turn, this review will advance the field
towards the greater goal of identifying novel biomarkers and, subsequently, treatments
for tactile deficits in individuals with stroke.

4.1 Background
Reviewing existing tactile assessments and synthesizing existing knowledge may help
identify gaps in our understanding. The targeted outcomes are two-fold. First, this
information may lead to the development of more comprehensive assessments and,
subsequently, an improved understanding of the neural processes governing tactile
perception post-stroke. Second, the summarized findings may inform clinicians on the
clinical value of existing tactile assessments, including the implications of deficits on an
individual’s function, the prognoses for improvement, and the relevance to various
treatment approaches. This may lead to more informed clinical decision-making.

4.2 Objectives
We seek to examine existing tactile assessments for the upper extremity of individuals
with stroke. We aim to determine whether there is a gap in existing approaches that
limits our understanding of the source of tactile perceptual deficits post-stroke. This
information will be beneficial to understand the clinical value of existing assessments.
We will answer the following questions:

● How are tactile deficits post-stroke currently assessed?
● What can be learned from existing approaches that assess tactile deficits

post-stroke?
● What gaps exist in current assessment protocols that gauge tactile perception?



4.3 Research Question
To what extent do existing upper-extremity tactile assessments i) identify the
process(es) within the nervous system that elicit(s) a tactile perceptual deficit in people
with stroke and ii) inform clinicians on their decision making?

5.0 Methods
The steps of the scoping review are listed and visually depicted in Figure 1 and Figure 2
of the Appendix, respectively.

This scoping review will follow the Joanna Briggs Institute (JBI) methodological
framework.7 This framework for finding literature allows for attaining both in-depth and
broad outcomes. Instead of utilizing a highly focused research question that leads to
searches for a particular study design, this framework is guided by a requirement to
identify all relevant literature regardless of the study design. The stages of this
framework include identifying a research question, finding relevant studies, selecting
studies, extracting data, and summarizing/reporting results. This process prompts
researchers to thoroughly engage with each stage, reflect upon changes made, and
repeat steps to ensure that the literature is adequately covered.7

The PRISMA-ScR checklist will also be followed to complete the review.8 This checklist
has 22 sections that describe how to ensure the scoping review abides by stated
standards, including reporting the data extraction process, critically appraising individual
sources of evidence, and synthesizing the results.

5.1 Search
The study employed the Population-Concept-Context (PCC) framework to identify main
concepts.9 The population consists of individuals who have experienced a stroke. The
concept identifies the quality of assessments that are used to elucidate tactile deficits in
this population. The context is that these assessments are performed on individuals with
stroke in both the clinical and research settings.

The team includes a research librarian who is developing a comprehensive search
strategy. The search strategy will incorporate keywords and Medical Subject Heading
terms describing individuals with stroke, upper extremities, assessments, and tactile
deficits (see Section 5.4). We will exclude animal studies and limit the search to English
publications (see Section 5.3). No restrictions to publication date or research design will
be applied. We will adapt the search to the selected databases. Any modifications to the
search strategy will be documented.
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5.2 Information Sources
We will search the following databases from the date of inception to the present:

● Medline (Ovid)
● The Cochrane Library (Wiley)
● CINAHL Plus with Full Text (Ebsco)
● Scopus (Elsevier)
● PsycInfo (Ebsco)
● Proquest dissertations and theses global
● ClinicalTrials.gov

5.3 Eligibility Criteria
Inclusion

● Individuals with stroke
● Adult human population (18 years or older)
● Tactile assessment(s) at the upper extremity (e.g., fingers, wrists, forearms,

upper arm, shoulder)
● All study designs with assessments, along with gray literature, systematic

reviews, and scoping reviews

Exclusion
● Assessments evaluating participant responses to pain or temperature

(e.g., algometer)
● Articles written in a language that is not English
● Articles including intervention trials

5.4 Ovid Medline Search
1. exp Stroke/
2. (apople* or "cerebral accident*" or "cerebrovascular accident*" or poststroke or
stroke or strokes).ti,ab.
3. ((brain or cerebral or intracranial or intracerebral) adj2 (bleed* or embolism* or
hemiparesis or hemorrhage* or infarct* or infract* or injur* or isch?emi* or thrombo* or
"vascular accident*")).ti,ab.
4. 1 or 2 or 3
5. exp Upper Extremity/
6. (arm or arms or axilla* or elbow* or finger* or forearm* or hand or hands or
metacarpus or shoulder* or thumb* or "upper extremit*" or "upper limb*" or wrist*).ti,ab.
7. 5 or 6
8. exp Touch/
9. exp Skin/
10. *Perception/
11. exp Touch Perception/
12. 8 or 9 or 10 or 11
13. exp *"Diagnostic Techniques and Procedures"/



14. exp Patient Outcome Assessment/
15. exp Disability Evaluation/
16. exp Physical Examination/
17. exp Symptom Assessment/
18. exp "Surveys and Questionnaires"/
19. investigative techniques/
20. exp Somatosensory Disorders/
21. exp Sensory Thresholds/
22. exp Hemiplegia/
23. 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22
24. 12 and 23
25. ((touch* or tactile or cutaneous* or skin or haptic* or sensation* or sense or
senses or sensory or somatosensory or perception*) adj6 (deficit* or hemiplegia* or
impairment* or monoplegia* or dysfunction or dysfunctions or assessment* or detect* or
evaluation* or examination* or index or indexes or instrument or instruments or
measure* or outcome* or questionnaire* or scale or scales or score or scores or survey
or surveys or test or tests)).ti,ab.
26. clinical assessment*.ti. and (touch* or tactile or cutaneous* or skin or haptic* or
sensation* or sense or senses or sensory or somatosensory or perception* or pressure
or vibration* or force).ti,ab.
27. (pressure assessment* not "blood pressure").ti,ab.
28. 25 or 26 or 27
29. 24 or 28
30. 4 and 7 and 29
31. exp animals/ not humans/
32. 30 not 31
33. limit 32 to english language

5.5 Citation Management
After performing the searches, references will be imported to EndNote and duplicate
records will be removed.10 The authors will use the citation list in EndNote to access
selected abstracts and full-text manuscripts. EndNote will also be used for title/abstract
screening. Once this step is completed, the citations will be managed within Rayyan, a
software program that will help organize the full-text screening process.11

5.6 Reader Training
To begin, a pair of independent readers will perform a pilot test for the title/abstract
screening round. Each reader will independently screen the titles and abstracts of 100
of the same articles based on the exclusion criteria. A search involving tactile deficits in
the upper extremities of individuals with stroke will be conducted to find the pilot articles.
The selected articles will be similar to those that will be used in the scoping review. After
screening all articles, the readers will convene to discuss the results with three expert
reviewers, who will resolve any conflicts.
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The two independent readers will also be trained on the full-text review by reviewing
three articles similar to the articles that will be reviewed in the scoping review. The three
expert reviewers will select three articles and will create a key of correct responses for
the eligibility criteria. Subsequently, the pair of independent readers will independently
screen the same articles and determine whether the inclusion and exclusion criteria are
met for each article. The three expert reviewers will discuss the decision-making
process with the independent readers. If an individual reader does not reach the same
conclusion as the three expert reviewers about the eligibility of two out of the three
articles chosen for training, additional article(s) will be reviewed following the same
process until at least two out of three articles are successfully screened. Once training
is successfully completed for each independent reader, the pair of independent readers
will be approved to begin screening articles returned from the database search.

5.7 Article Selection Process
In the first round of review, gathered articles will be screened within EndNote. To begin,
the articles will be uploaded to EndNote, and then the two trained independent readers
will screen the titles and abstracts of the articles to refine the relevant studies. Once this
first review process has been completed, the second round will include a complete
review of the full text of each article by each of the two independent readers. Articles
that have been chosen after the title/abstract review will be exported into Rayyan for the
full-text review. Each round will be completed independently and blinded. If a conflict
arises it will be resolved by an expert reviewer who will serve as a tie-breaker. Screened
papers must fulfill the inclusion criteria and not include the exclusion criteria to be
considered. Once all papers are screened by the independent readers, an expert
reviewer will review the full text of all of the screened articles to confirm that the article
selection process was carried out appropriately.

5.8 Data Items
Below we identify the data items of interest for extraction from each reviewed article:

● Article Number
● Article Title
● Author(s)
● Year of Publication
● Abstract
● Number of Participants
● Age
● Gender
● Stage of Stroke (acute, sub-acute, chronic)
● Type of Stroke (ischemic, hemorrhagic)
● Brain Hemisphere Affected by Stroke (left, right, both)



● Brain Hemisphere Activated by Tactile Stimuli (left, right, both)
● Laterality of Assessment (left, right, both)
● Lesion Location(s) (e.g., subcortical, cortical)
● Assessment Approach/Technology Used
● Assessor and Training (e.g., was reliability established?)
● Authors’ Claims of Assessment Type (e.g., sensory or perceptual; behavioral or

brain recording)
● Type of Tactile Stimulus Delivered (e.g., pressure, vibration)
● Nature of Task (e.g., active or passive)
● Body Location of Assessment (e.g., elbow, fingertip)
● Severity of Clinically-Assessed Tactile/Somatosensory Deficit (reported by test

and score)
● Assessment Setting (e.g., clinical setting, research laboratory)

5.9 Evaluation of Articles
5.9.1 Outcomes of Interest
Article Appraisal
Each selected article will be critically appraised using a scoring system known as the
COnsensus-based Standards for the Selection of Health Measurement INstruments
(COSMIN).12 This scoring system will aid in assessing the caliber of the methods and
statistical analyses present in the papers. We modified the COSMIN checklist so that it
is tailored to our specific outcomes (see Figure 3 in the Appendix). The modified
COSMIN checklist is composed of sections that assess the following psychometric
properties of interest: internal consistency, reliability, measurement error, and
responsiveness. For each article reviewed, the expert reviewers will fill out a checklist
with a ‘yes’ or ‘no’ response indicating whether the criteria are met.

Initially, the level of evidence provided in each article will be determined. The number of
“yes” ratings in each section will be summed and reported as a percentage of the
maximum points possible for that section. The section with the lowest percentage will
represent the level of evidence. If the article's lowest percentage is > 50%, then it is
considered to have a level of evidence of 1 (strong), and if it is below this threshold, it is
considered to have a level of evidence of 2 (moderate).13 See Figure 4 of the Appendix
for example ratings.

In addition to the level of evidence, a psychometric property rating will be given
evaluating the reporting of the psychometric properties of interest, specifically the
internal consistency, reliability, measurement error, and responsiveness (see Figure 5 of
the Appendix). If all psychometric properties are reported, the article will be given a
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psychometric property rating of (+). If any psychometric property is not reported, then
the article will receive a rating of (-).

The COSMIN rating will consist of the level of evidence score and psychometric
property rating . The COSMIN ratings in order of methodological quality are 1+, 1-, 2+,
and 2-.

Data Extraction
The data items of interest from each article, as listed in Section 5.8, will be input into a
data charting table.

5.9.2 Training
Before evaluating the selected articles, two expert reviewers will be trained for
inter-rater reliability when assessing an article’s methodological quality and extracting
the data items of interest.

To assess inter-rater reliability of the COSMIN scoring, the two expert reviewers will
review three articles independently and blindly, and complete the COSMIN scoring
checklist for each. The reviewers will then discuss their scoring together with a third
expert reviewer, and any discrepancies will be resolved through a triangulation of
agreement process. There must be at least 80% agreement between the two reviewers
on each article in order for the training to be complete. If 80% is not reached, the third
reviewer will select another article and the process will be repeated until 80%
agreement is met. This training mimics the triangulation process that will occur during
the review, where a third expert reviewer will act as a tie-breaker if conflicts arise during
the COSMIN scoring process between the other two reviewers.

To assess inter-rater reliability of data extraction, the data items of interest will be
extracted from the same three articles by the two expert reviewers using a data form
containing the items of interest (see Section 5.8). The reviewers will then discuss their
scoring together with a third expert reviewer, and any discrepancies will be resolved
through a triangulation of agreement process. The reviewers must achieve at least 80%
agreement for all of the data items to complete the training. Similar to the previous
stage of training, if 80% is not reached, the third expert reviewer will produce another
article, and the process will be repeated until 80% agreement is met.

5.10 Data Synthesis
The data items of interest will be summarized and analyzed by a team member to gain
insights on common trends present throughout the literature, such as the type of
assessment (e.g., behavioral or brain recording), nature of the task (e.g., active or



passive), and location of the assessment (e.g., fingertip or elbow). The data will first be
summarized using statistics such as the range, mean/standard deviation, median/lower
and upper quartiles, and sum. Analyses will be run on a subset of these summary
statistics using primarily non-parametric tests, such as the Mann-Whitney test,
Kruskal-Wallis test, and Spearman rank correlation. Analyzed data will be used to
develop conclusions that will be presented in the discussion section of the manuscript.
Data relevant to existing assessments addressing tactile perception post-stroke will be
synthesized to gain knowledge that will potentially spur the development of new
targeted assessments and, eventually, therapeutic approaches to evaluate and treat
millions of survivors of stroke.

5.11 Study Appraisal
The Joanna Briggs Institute (JBI) critical appraisal tool for systematic reviews will be
used to evaluate the methodological quality of the study and address the possibility of
bias in its design, conduct, and analysis.15 This tool, although originally intended for
systematic reviews, addresses all the important components of a scoping review.
Questions raised in the checklist specifically relate to topics such as the
appropriateness of the search strategy, potential errors arising during data extraction,
and likelihood of publication bias. The review will be appraised by two content experts of
the research team to ensure that the study abides by official standards for scoping
reviews.

6.0 Implications and Dissemination
This scoping review is intended to summarize existing assessments measuring tactile
perception post-stroke. By examining gaps in current approaches, we will be better
positioned to effectively employ existing methods and/or develop novel approaches for
assessing tactile perception in the stroke population. In turn, we can identify when and
why deficits occur and use that information to inform clinical practice. This increased
knowledge may lead to the identification of biomarkers that will help the field address
when tactile perception is negatively impacted after a stroke. It may also lead to future
research involving the development of treatments for those with deficiencies in tactile
perception. This review can also potentially highlight the need for implementing a
standard core set of outcome measures. Establishing a core set of outcomes will allow
researchers to create and analyze larger data sets and assess changes in the
progression of people with stroke across a larger population. It also has important
implications for standardized practice in the clinical setting and allows clinicians to make
more informed decisions.
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8.0 Appendix

Figure 1. This figure shows the full sequence of steps that will be followed for the
review.

Step General Process Specific Tasks

1. Team Recruitment Recruit expert reviewers and librarian

2. Identification of Research Question and Focus Initial review of available literature to understand the
breadth of information present on the topic of tactile
deficits post-stroke

Creation of Inclusion and Exclusion Criteria Deliberate over important ideas/concepts that must be
present in papers for inclusion

3. Formation of Search Strategy Apply population-concept-context (PCC) framework to
establish important parameters that will guide database
search

4. Development of Protocol Document procedures for performing the review,
including rationale, background, objectives, etc.

Conduction of Database Search Search for appropriate papers across a variety of
databases by incorporating relevant keywords as defined
by the eligibility criteria

5. Management of Citations Import references gathered from database search into
EndNote software to remove duplicate records

6. Reader Training Readers train on the title/abstract and full-text screenings

7. Article Selection Process Readers complete the title/abstract screening based on
the exclusion criteria, followed by the full-text screening
based on inclusion and exclusion eligibility criteria

8. Inter-rater Reliability Training Expert reviewers train to achieve inter-rater reliability
for the COSMIN appraisal and extraction of data items
of interest

9. Assessment of Methodological Quality of
Selected Articles

Expert reviewers use the COSMIN tool to assess the
methodological quality of each article

Extraction of Data Items Expert reviewers extract the data items of interest from
each selected article

10. Data Synthesis Statistical analyses run on the extracted data items to
discover trends

Results/Discussion Results are summarized and discussed, and future
research recommendations are made

11. Study Appraisal Scoping review is appraised using the JBI critical
appraisal tool



Figure 2. This figure gives a condensed chronological overview of the steps that will be
taken in the scoping review.



Figure 3. This figure shows the modified COSMIN checklist that will be used to evaluate
the methodological quality of each article.













Figure 4. This table provides examples of how the level of evidence will be determined
for each article. The number of “yes” ratings in each section will be summed and
reported as a percentage of the maximum points possible for that section. The level of
evidence for the article will then be determined based on the lowest percentage
reported from all sections. Note, the percentages used in this table are purely for
demonstration purposes and do not reflect actual data.



Figure 5. This diagram visually depicts how the psychometric property rating of (+) or (-)
will be determined, depending on whether all psychometric properties are reported.


