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Abstract

Background: Stroke often results in upper limb motor impairment and activity limitation, however terminology to
describe severity levels vary. This hinders data pooling from clinical trials to inform practice. There are no reviews
that have synthesized severity levels of stroke-related upper limb motor impairment or activity limitation.

Objective: To systematically review published literature on descriptors of severity levels for post-stroke upper limb
motor impairment and activity limitation.

Methods: Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, we
searched eight major databases. Inclusion criteria: primary research studies, adults post-stroke, severity of upper limb
motor impairment and/or activity limitation described. We classified included papers by assessing descriptor precision:
‘green’ (studies including descriptors that used recommended outcome measures, cut-offs or central tendency and dis-
persion), ‘red’ (descriptors only), and ‘amber’ (remaining studies). Of the ‘green’ studies, we identified the most com-
monly reported descriptors and measures, and computed cut-off scores using non-parametric statistics.

Results: From 17,273 records, 750 studies were included. The most commonly used severity descriptors were ‘mild,
and/or moderate, and/or severe,’ used in 580 (77%) of studies. For the Fugl-Meyer Assessment (Upper Extremity) (57
studies, 8% of the total number of studies included), ‘severe’ ranged from 0 to 25, ‘moderate’ from 26 to 50, and
‘mild’ from 51 to 66. Limited data from the remaining studies prevented further analysis.

Conclusions: Our review highlights a lack of standardization of the operationalization of ‘severity’ of post-stroke upper
limb motor impairment and activity limitation. It provides a foundation for developing a standardized clinical language to
describe severity levels to improve research and clinical practice.
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arm, Daly et al., 2019). This contributes to a lack of uni-
formity in clinical language. A lack of standardization
also complicates data pooling for systematic reviews and

Introduction

Approximately 33-66% of stroke survivors experience
upper limb motor impairment and activity limitation in
the acute phase (Langhorne et al., 2011). The severity of
initial motor impairment is a predictor for recovery
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(Stinear et al., 2017) and informs clinical decision-making
(Intercollegiate Stroke Working Party, 2023). Severity
levels of upper limb motor impairment and activity limita-
tion following stroke can be classified in a broad spectrum
from minimal to full paresis (Lang et al., 2013). However,
terminology to describe severity levels is heterogeneous.
Classifications vary from the use of different levels (e.g.,
‘mild, moderate, severe’ paresis, Brunner et al., 2017), to
strata based on function (e.g., ‘moderate or severe upper
limb functional limitation’, Rodgers et al., 2019), to impair-
ment localization (e.g., proximal-distal impairment, whole
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meta-analyses, the development of evidence-based clinical
guidelines, clinical decision making, and the design of pre-
cision rehabilitation interventions.

Existing literature defining UL severity levels is sparse.
A search for studies that classified levels of severity of
motor impairment and activity limitation following stroke,
as well as the International Prospective Register of
Systematic Reviews (PROSPERO) database (PROSPERO,
2024) for review protocols revealed no systematic reviews
(published or ongoing) on the topic. However a number
of studies (Hoonhorst et al., 2015; Woodbury et al., 2013;
Woytowicz et al., 2017) have used various statistical
methods to define severity levels for upper limb motor
impairment. Woodbury et al. (2013) included n=512
stroke survivors within 0 to 145 days of stroke onset
using the Item Response Theory (IRT) to calculate
criterion-based and mathematically derived cut-off scores
for severity levels of upper limb impairment based on the
Fugl-Meyer Upper Extremity section FMA-UE. However,
the authors acknowledged that the IRT model may have
considerable error when used for individuals at the extremes
of the distribution (Woodbury et al., 2013). Further, their
sample was limited to individuals in early recovery stages
(i.e., acute or subacute), reducing the generalizability of
their findings (Woodbury et al., 2013).

Hoonhorst et al. (2015) involved a cohort of n=460
patients at 6 months post-stroke, and employed Receiver
Operating Characteristic (ROC) analysis, aligning FMA-UE
and Action Research Arm Test (ARAT) scores to predict
upper-limb capacity at six months post-stroke. The applicabil-
ity of their results may therefore be limited to this time point,
and further work is needed to determine optimal (FMA-UE)
cut-off scores to predict upper-limb capacity categories for
other post-stroke stages (Hoonhorst et al., 2015).

Woytowicz et al. (2017) included n =247 participants in
the chronic stage post-stroke (i.e., >6 months Kwakkel
et al., 2017) using cluster analysis, also based on the
FMA-UE (Woytowicz et al., 2017). However, because
their study population was not equally distributed over the
different categories, their findings might be biased
towards chronic stroke survivors with moderate-to-severe
impairment levels, restricting applicability of the findings.

Although characterized by rigorous statistical methods or
mathematical models, each of the aforementioned studies
(Hoonhorst et al.,, 2015; Woodbury et al., 2013;
Woytowicz et al., 2017) highlighted limitations in defining
severity cut-offs that were related to their sample size, clinical
demographics and/ or methods used. Comparing or amal-
gamating these cut-offs would not be appropriate, given
that the study populations were at different stages of recov-
ery, exhibited varying levels of severity, with different
methods used to determine cut-off points. Results from
these studies (Hoonhorst et al., 2015; Woodbury et al.,
2013; Woytowicz et al., 2017) highlight the need for
further standardization of severity levels, by involving

larger and more representative samples, refining and validat-
ing cut-off scores, and using data across all post-stroke
stages.

From a biomedical perspective, upper limb function and
activity limitation following stroke are influenced by the
ability to control muscle force, as well as various other
factors (e.g., spasticity, sensory deficits, pain). This review
focuses on the voluntary aspect of upper limb motor function
and activity, which involves intentional motor control,
ranging from gross (e.g., abducting the shoulder) to fine
motor control (e.g., writing and buttoning a shirt), (Lastash
& Lestienne, 2006). Therefore, in this review, the term
‘upper limb motor impairment and activity limitation’
refers to the reduced ability to intentionally control any of
the upper limb joints, including hand and fingers.

The aim of this systematic review is to synthesize pub-
lished descriptors of severity levels of upper limb motor
impairment and activity limitation after stroke, to inform
the development of a standardized clinical language.

Methods

A systematic review was undertaken, following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement (Page et al., 2021).
We established the review methods a priori, and registered
our protocol on the International prospective register of sys-
tematic reviews (PROSPERO) (Ierardi et al., 2020).

Eligibility Criteria

Eligible studies included: participants of any sex, aged 18
years or older with a clinical diagnosis of stroke (or at
least 75% of the participants diagnosed with stroke);
primary research studies published in English of any quan-
titative design; descriptions of severity levels of upper limb
motor impairment and/or activity limitation after stroke.
Table 1 summarizes the inclusion and exclusion criteria.

Literature Searches

We searched CINAHL, AMED, MEDLINE, the Cochrane
Library, ProQuest Health & Medical Collection, ProQuest
Nursing & Allied Health Database, ProQuest Public
Health Database and PEDro from inception to February
2024. The complete search strategies for all databases are
available in an online depository (Ierardi, 2024a).

The search strategy was piloted prior to running the fina-
lized searches (MacFarlane et al., 2022). Only studies
written in English were searched. In consultation with a spe-
cialist academic librarian, built-in filters were not used
(Ierardi & McCormick, 2020). Instead, we created a dedi-
cated search string combining all key terms to exclude
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Table I. Overview of the Inclusion and Exclusion Criteria for This Systematic Review.

Inclusion Criteria

Exclusion Criteria

Participants and diagnosis

* Participants of any gender;

* Participants of aged 18 or more;

* Individuals with stroke rather than patients with stroke (if at
least 75% were stroke survivors).

Study type

* Primary research;

* Quantitative study design;

* Either intervention or non-intervention studies.

Impairment description

* Any description of severity levels of upper limb motor
impairment and activity limitation of any severity (e.g.,; ‘mild to
moderate’ paresis, Borstad & Nichols-Larsen, 2016), or
‘moderately recovered or well-recovered subgroups’ (de Niet
et al., 2007)

Outcome measures

Outcome measures related to upper limb, classified by
International Classification of Functioning, Disability and Health
(ICF) domain (Duncan Millar et al., 2021):

* Impairment, e.g., Motor Assessment Scale; Medical Research
Council Scale; Box and Blocks Test;

* Activity limitation, e.g., Wolf Motor Function Test; Action
Research Arm Test; Fugl-Meyer Assessment, etc.

Language

English only

* Non-human participants;

* Participants younger than |8 years of age.

» Conditions other than stroke or if less than 75% of
participants were stroke survivors.

* Secondary research;
* Qualitative study design or mixed methods

» Studies not providing a description of severity levels of upper
limb motor impairment and activity limitation

* Any outcome measure not targeted at severity levels of upper
limb motor impairment and activity limitation (e.g., Modified
Ashworth Scale (MAS); or Hand Active Sensation Test
(HASTe).

Non-English studies

ineligible papers with the ‘NOT’ Boolean operator. Finally,
we manually searched the eligible articles’ reference lists
for any further results.

Selection of Papers

We removed duplicates with Endnote (The EndNote Team,
2013). One author conducted the title screening phase and a
second author cross-checked a random 10% of the titles.

We designed and applied a validated algorithm written in
Python that enabled computer-aided identification of key-
words within each paper, which reduced abstract screening
time by 73% on average (Ierardi et al., 2023). Details of this
method have been described in full elsewhere (Ierardi et al.,
2023). Two independent review authors were involved at
the abstract and full-text screening phases. Any discrepan-
cies were resolved by a third reviewer. Reasons for rejection
were recorded.

Precision of Data Reporting: The Traffic Light System

There were no appropriate critical appraisal tools for studies
describing severity levels of upper limb motor impairment
and activity limitation when this review was undertaken,
although various tools (Cardiff University, 2023; Critical
Appraisal Skills Programme (CASP), 2025; Nasser, 2020;
UK EQUATOR Centre, 2023) are available to evaluate
general methodological and reporting quality. Therefore, we

developed a bespoke tool based on traffic light colors
(adapted from Novak et al., 2020), to indicate the precision
of data reporting of the severity descriptors. We classified
each eligible paper based on the presence or absence of each
of the following core elements, associated with descriptors of
severity levels, as summarized in Table 2. Classification,
using this traffic light tool, was undertaken by two independent
co-authors. Findings were discussed until agreement was
reached- with input from a third co-author if required.

The studies included were classified as condensed in
Table 3.

Papers presenting information only as graphs or images
were not eligible.

Data Extraction Tool

Two independent reviewers extracted data using a piloted,
purpose-made spreadsheet to guarantee transparency and
reproducibility (Godino, 2023). Discrepancies were dis-
cussed between reviewers until full agreement was found.
Table 4 summarizes the contents of the data extraction tool.

If a paper was marked ‘red’, only the following informa-
tion was extracted: author, year; study design; severity
descriptor; number of participants, gender and time since
onset (Kwakkel et al., 2017). We adopted Kwakkel
et al.’s (2017) classification of post-stroke stages.

If a paper was marked ‘amber’, outcome measure and par-
ticipant characteristics were also extracted. If a paper was
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Table 2. Key Components for Describing Upper Limb Severity in Stroke Studies.

Component Description

Severity Descriptor * A descriptor of severity of upper limb motor impairment and/or activity limitation (e.g., low and high, or
mild-moderate and severe).

Outcome Measure * Published measures (either recommended-SMART (Duncan Millar et al., 2021) or not), e.g., Fugl-Meyer
Assessment (FMA-UE), Action Research Arm Test (ARAT), Motricity Index (Ml), used to assess
stroke-related upper limb function.

Numerical Data * Numerical data, i.e., quantitative expression of impairment/activity limitation with central tendency (e.g.,
median) and/or dispersion (e.g., interquartile range).

Participant * Clinical demographics or task-specific criteria related to upper limb status (e.g., “severe UE impairment

Characteristics
affected arm”, Persson et al., 2015)

and mild/moderate UE impairment were included if they were able to perform a drinking task with their

marked ‘green’, all of the above information were extracted, in
addition to numerical values relating to severity descriptors.

Data Analysis

We developed a bespoke algorithm that was robust and
transparent to enable replication. Previous work established
the recommended assessment instruments to measure upper
limb impairment and activity limitation (Duncan Millar
et al., 2021). We presented our data in light of these recom-
mendations. The method for selecting papers for analysis
and synthesis is described below and summarized in
Figure 2, together with the results.

Categorizing Precision of Data Reporting. In order to describe
the precision of data reporting within the body of included
articles, we calculated the percentage of articles classified as
‘red’, ‘amber’, or ‘green’. We then selected only the propor-
tion of ‘green’ papers for further analysis, considering such
articles to be of the highest precision of data reporting. As
for ‘amber’ and ‘red’ papers, these remained in the narrative
synthesis for describing severity levels.

Categorizing Types of Severity Level Descriptors. Because of
the high variability of severity descriptors, we grouped
the articles categorized as ‘green’ into the most commonly
reported categories that emerged from this literature. These
comprised: mild, and/or moderate, and/or severe; or: high/
moderate/low functioning; or: prognosis/recovery descrip-
tors. Within the mild and/or moderate and/or severe cat-
egory, if an article mentioned only one or more (e.g.,
‘mild’ (Sangole & Levin, 2009)) severity level descriptor,
it was placed in the ‘mild, moderate, severe’ category.
Descriptors for residual functioning, for example ‘high
functioning group’ (FMA-UE =45-66) and ‘low function-
ing group’ (FMA-UE=10-27) (Raghavan et al., 2020),
were grouped into the ‘high/low’ functioning category.
Descriptors based on prognosis or recovery were grouped
in the ‘prognosis- or recovery-based’ category (e.g.,
ARAT scores dichotomized “into ‘1’ for those who
regained some dexterity,>10 ARAT and ‘0’ for those

who did not regain any dexterity, <10 ARAT” (Nijland
et al., 2010)).

Identification of Cut-off Values for Each Severity Level. Of the
“green” papers, we identified those that aligned with previ-
ous recommendations and presented those results (Duncan
Millar et al., 2021). Then we selected those with discrete
severity levels, defined by cut-off points (e.g., “...cut-offs
indicating severe (FMA-UE 0-31), moderate (FMA-UE
32-57), and mild (FMA-UE 58-66) motor impairment”
(Ghaziani et al., 2020)). Papers that did not establish
the exact demarcation between ‘moderate’ and ‘severe’,
could not be included in the analysis (e.g., “moderate
to severe impairment of the upper limb defined by a
score between 7 and 50 on the FMA-UE” (Menezes et al.,
2018)).

Statistical Analysis. We selected only ‘Green’ papers that
used one or more of the most commonly reported descrip-
tors, accompanied by numerical data that expressed discrete
severity levels in cut-off scores of single, full, recom-
mended outcome measures (i.e., not composite outcome
measures or sub-scales of measures) to enable data
pooling (Figure 2). Data extracted indicated skewed distri-
butions, which necessitated non-parametric descriptive sta-
tistics. We used Microsoft Excel to calculate the medians
and interquartile ranges for the upper and lower boundary
of each descriptor (i.e., the median and interquartile range
for the lower limit of the ‘mild’ category, followed by the
same for the upper limit of the ‘mild’ category etc.).

Results

Identification of Eligible Studies

The study selection process is summarized in the PRISMA
2020 flow diagram (Page et al., 2021) in Figure 1. The data-
base searches resulted in a total of n=17,273 hits, n=750
papers were included. Manual screening of the eligible arti-
cles’ reference lists did not retrieve any further results.
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Table 3. Classification of Studies Based on Precision Data Reporting.

Category Criteria

Example

Green (highest precision Uses a (SMART =Standardizing Measurement in
Arm Rehabilitation Trials (Duncan Millar et al.,
2021)). outcome measure and provides

of data reporting)

numerical data.
Amber (intermediate
precision of data

reporting) qualify as a ‘green’ category.

Red (lowest precision of Only provides a qualitative descriptor without
numerical data or validated outcome measures.

data reporting)

More than a descriptor only (as in the ‘red’
category), but lacking one or more criteria to

"Individuals with severe upper limb paresis that
presented a score below 30 on the Fugl-Meyer test
were considered severely impaired.”(Pereira et al.,
2015)

Favorable prognosis: able to voluntarily extend the
thumb and/or 2 or more fingers of the affected hand
(10° or more), unfavorable prognosis: unable to
voluntarily extend the thumb and/or 2 or more
fingers of the affected hand (10° or more).(Kwakkel
etal, 2016)

“Severe, moderate, mild recovery groups”(Hui Yung
Ang & Wai Kwong Man 2006)

Table 4. Data Extraction Tool (SMART = Standardizing Measurement in Arm Rehabilitation Trials (Duncan Millar et al., 2021)).

Information Details

Author, Year

Reference

Traffic light color Red
Amber
Green

Outcome measure

If SMART (Duncan Millar et al., 2021): select from drop down list any of the SMART (Duncan

Millar et al., 2021) outcome measures.
If non-SMART (Duncan Millar et al., 2021): select from drop down list

Intervention
non-intervention

Study design

Severity descriptors
Score range 0 =not reported
| =reported
Score range. Details, per level
Number of included participants
Total FEMALE

Total MALE

Time since onset

Minimized free text, i.e., “Very low, low, medium and high”(Edwards et al., 2019)

Minimized free text, e.g., 10-29 =severe, 30—49 = moderate (Daly et al., 2005)

Early sub-acute 0—3 months (Kwakkel et al., 2017); Late sub-acute 3—6 months (Kwakkel et al.,

2017); Chronic >6 months (Kwakkel et al., 2017); Mixed; Not reported

Rationale for defining the descriptor of
the categories
Descriptor referenced 0 =not reported;

| =reported

0 =not reported; | =reported

The complete lists of included and excluded full texts
and detailed reasons for exclusion are available in an
online repository (Ierardi, 2024b, 2024c). Moreover, data
extracted from eligible papers are also accessible from the
same resource (lerardi et al., 2024a).

Characteristics of Included Studies

Of the eligible n =750 articles, n =419 had an intervention
study design (55.8%) and n=332 had a non-intervention
study design (44.2%) and were published within the last
45 years. According to our traffic light system, n=458
(61%) of included papers were of a high data reporting pre-
cision (‘green’); n=264 (35%) were of intermediate

(‘amber’), and n =28 (4%) were of low data reporting pre-
cision (‘red’).

Study Population

The eligible articles involved a total of n=36,429 stroke
participants: n= 13,236 (36%) female; n=13,236 (56%)
male, while in n=2,796 (8%) of participants their sex
was not reported. The review included n= 13,884 (27%)
of stroke survivors in the early sub-acute stage, n =464
(2%) in the late sub-acute; n=12,280 (52%) in the
chronic stage, and n=9,165 (18%) categorized as mixed
stages, with an additional n =636 (1%) left unreported.
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Severity Descriptors

The most commonly used descriptors were mild, and/or
moderate, and/or severe, adopted in n=580 papers
(77%), while the remaining 23% of articles used either
prognosis-, recovery-based (n=135 papers, 18%), or
high-low functioning descriptors (n =36 papers, 5%).

Outcome Measures

Out of the n =750 included papers, n=477 (63.5%) used a
recommended outcome measure (Duncan Millar et al.,
2021) to describe severity levels of upper limb motor
impairment and activity limitation, while n =246 (32.8%)
used other outcome measures and n=28 studies (4% of
included articles) did not include any outcome measures.

From fifteen previously recommended outcome mea-
sures (Duncan Millar et al., 2021), we identified seven in
our review. The: Fugl-Meyer Upper Extremity section
(FMA-UE), was most commonly used (n=383 papers;
51.0% of eligible papers) followed by the Action
Research Arm Test (ARAT), (n=42) 5.6%, the Box and
Blocks Test (BBT) (n=17 papers; 2.3%), Motricity
index-Upper limb section (n=15 papers; 2.0%), Motor
Activity Log (MAL), (n=12 papers; 1.6%), Wolf Motor
Function Test (WMFT=7), (n=7 papers; 0.9%) and
9-Hole Peg Test, (n=1 paper; 0.1%).

Papers Providing a Reference for Defining the
Descriptor

Only n =35 (4.7%) papers provided a reference to support
their choice for severity level descriptors.

Statistical Analysis

Figure 2 summarizes the findings from the statistical ana-
lysis in this systematic review.

We screened the n=750 eligible papers against the
traffic light color, retaining n=458 ‘green’ studies.
Among these, we examined the n =360 studies that utilized
the most commonly reported, discrete descriptors which
were ‘mild, and/ or moderate, and/or severe’. We then
focused on the n=342 papers which used the three most
common recommended outcome measures (Duncan
Millar et al., 2021) (FMA-UE, n=308; ARAT, n=23;
MI, n=11). We classified n =281 papers ineligible for stat-
istical analysis. We were able to include n =61 papers in the
statistical analysis (i.e., those reporting severity descriptors
in terms of the FMA-UE, n=57; MI, n=2; ARAT, n=2).
However, there were not enough data to analyze data from
the studies using the MI and the ARAT.

Severity Descriptors Defined by FMA-UE Cut-off
Values

A total of n=57 papers (n=2,828 participants) employed the
FMA-UE to define severity levels with cut-off values, repre-
senting 17% of the n=342 ‘green’ papers which used mild,
and/or moderate and/or severe descriptors—i.e., n=61 (8%)
of all studies included in this review. The complete reference
list of the 57 papers eligible for the statistical analysis is
reported in an online repository (Ierardi et al., 2024b).

According to Fugl Meyer et al. (Fugl-Meyer et al., 1975)
the minimum score on the FMA-UE is 0 and the maximum is
66 points. Figure 3 describes the range of FMA-UE values
for each severity category. The severe category ranged
from 0 (IQR: 0-0) to 25 (IQR: 10-35). The moderate category
ranged from 26 (IQR: 15-34) to 50 (IQR: 38-59). The mild
category ranges from 51 (IQR: 41-60) to 66 (IQR: 65-66).

However, there was considerable overlap in the demar-
cation of these categories (Figure 3), highlighting the chal-
lenge of establishing clear severity boundaries, even within
a commonly used assessment tool like the FMA-UE.

Severity Descriptors Defined by ARAT Cut-off Values

Only two papers (Brunner et al., 2024; Waddell et al., 2016) (n
=105 participants) reported specific cut-off values of the
ARAT, representing 0.6% of the n=342 ‘green’ papers
which used discrete severity descriptors. Brunner et al. (2024)
only indicated one level of impairment severity (severe) with
cut-off values ranging from 0 to 13. Waddell et al. (2016) pro-
vided cut-off values for each severity level: their median
‘severe’ level ranged from O to 20, ‘moderate’ ranged from
21 to 39 and ‘mild’ ranged from 40 to 57. Insufficient data for
this outcome measure precluded further analysis.

Severity Descriptors Defined by Motricity Index Cut
off Values

Only n =2 papers (Goffredo et al., 2019; Platz et al., 2009)
(n =212 participants) used the MI to define only two sever-
ity descriptors (mild and severe) representing 0.6% of the
‘green’ papers eligible for the statistical analysis. The
‘severe’ category ranged from O to 48, while the ‘mild’ cat-
egory ranged from 49 to 99. Insufficient data for this
outcome measure precluded further analysis.

Upper and Lower Boundaries for ‘Mild, Moderate
and Severe’ Descriptors Defined by the Top-3
Recommended Outcome Measures

Table 5 summarizes the key findings of this review, includ-
ing the lower and upper boundaries for each severity level

based on one of the top-3 recommended (Duncan Millar
et al., 2021) outcome measures, using data from 61
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Records removed before
screening:

Duplicate records removed
(n=7,342)

e Records marked as ineligible
by automation tools (n= 919)

e Records removed for other
reasons (n=113)

Records excluded**

(n = 6,713)

Abstracts excluded

(n =2,117)

Reports excluded (n = 334),

reasons:
e No descriptor of voluntary UL
motor  impairment  descriptor
n=158

e Other types of impairment (e.g.

)
Records identified from*:
= Databases n = 17,273
= e AMED = 1,382
5 e CINAHL = 5,081
= ¢ Medline = 8,033
s e Cochrane = 1,841
2 e ProQuest = 640
e PEDro = 296
)
y
Records screened (titles)
(n=9,931)
> Reports sought for retrieval
i= (abstracts)
o (n = 3,218)
o
[}
(7]
Reports assessed for eligibility
(full texts)
(n=1,101)
—_—
)
o
% Studies included in review
3 (n =750)
(=

spasticity, sensitivity), n=62
¢ Wrong study design, n=60
o Not upper limb-specific, n=23
* Wrong publication type, n=12
¢ Unavailable, n=8
¢ Not English language, n=6
¢ Wrong population, n=5

Duplicates removed at full text
level (n =17)

Figure 1. PRISMA 2020 Flow Diagram (Page et al., 2021) of the Study Selection Process for the Systematic Review.

papers (8% of articles included in this review) and 3,145
participants.

Of the 57 studies that used the Fugl-Meyer Assessment
for the Upper Extremity to define levels of severity, 24
cited one or more references to justify their choice of
cut-off scores. After removing duplicates, 13 unique
papers remained (see Supplementary Table X). These can
be categorized broadly into three categories: the first cat-
egory of cited papers did not include any FMA-UE
cut-offs (Anemaet, 2002; Gladstone et al., 2002; Kim,
2021; Nijland et al., 2010, 2013). The second category of
cited papers provided cut-offs but no rationale
(Michielsen et al., 2012); (Lum et al., 2002) or a reference
to a paper reporting cut-offs (Velozo & Woodbury, 2011).
The third category of cited papers provided cut-offs and

various types of rationale, only four of which presented
their underlying analysis; Luft et al. (2004) suggested
cut-offs based on clinical observation, but did not provide
any further information (Luft et al., 2004). Hoonhorst
et al. (2015) based their cut-offs on Receiver Operating
Characteristic curves from n=460 stroke survivors
(Hoonhorst et al., 2015). Kwakkel et al. (2003) developed
a prognostic model using logistic regression analysis,
based on factors such as upper limb dexterity and severity
of paresis measured with the Action Research Arm Test,
Motricity Index, and Fugl-Meyer motor scores (Kwakkel
et al., 2003), involving n =102 stroke patients. Woodbury
et al. (2013)—the most commonly cited by 5 papers—
employed Rasch analysis on the data of n=512 to mathem-
atically define cut-offs based on specific behavioural criteria
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Total number of studies

Studies with lower precision
of data reporting (n=292):

included in the review
(n=750)

A 4

Studies with descriptors of

e ‘Amber’ (n=264)
¢ ‘Red’ (n=28)

Studies that used descriptors
other than mild, and/or
moderate and/or severe

greatest precision (i.e.
‘Green’) (n=458)

A

Studies with most commonly
reported type of descriptor

» (n=98):

e Prognosis or recovery-based
classification, n=77

o Low/moderate/high, n=21
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* BBT n=6

¢ 9-HPT n=1
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e Not using a discrete descriptor
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o ARAT n=23

o Ml n=11

v

Studies reporting severity
boundary cut-offs

(n=61)

¢ FMA-UE n=57

o Ml n=2

¢ ARAT n=2

| e Values not expressed in ranges n=3

o Descriptors based on composite
outcomes (e.g. SMART OM+a task
or composite OMs) n=18

e Sub score of a SMART outcome
measure n=4

Figure 2. Decision Tree Diagram Outlining the Selection Process of Studies for Statistical Analysis in This Systematic Review and
Findings. Papers Were Categorized Using a Bespoke Traffic Light System on the Precision of the Severity Level Descriptors: ‘Green’
Studies Reported a Recommended (Duncan Millar et al., 2021) Outcome Measure and Numerical Data: ‘Red’” Studies Included a
Severity Level Descriptor Only; ‘Amber’ Studies Were Those not Classified as ‘Green’ or ‘Red’. Abbreviations: OM = Outcome
Measure; MAL = Motor Activity Log; BBT = Box and Block Test; 9-HPT = Nine-Hole peg Test; WMFT = Wolf Motor Function Test;
FMA-UE = Fugl-Meyer Assessment-Upper Extremity; ARAT = Action Research Arm Test; Ml = Motricity Index (Upper Limb Section);
OM: Outcome Measure; SMART = Standardizing Measurement in Arm Rehabilitation Trials (Duncan Millar et al., 2021).

(Woodbury et al., 2013). Woytowicz et al. (2017) derived
cut-off points based on clinical observation from a sample
of n =247 patients, followed by hierarchical cluster analysis
(Woytowicz et al., 2017).

Discussion

We conducted the first systematic review of the literature
that synthesized published severity level descriptors of

upper limb motor impairment and activity limitation follow-
ing a stroke. We developed a bespoke text-mining tool to
accelerate abstract screening (lerardi et al., 2023) and iden-
tified n =750 eligible full texts.

Our review covered 45 years of evidence, highlighting
the use of a broad spectrum of severity level descriptors
of upper limb motor impairment and activity limitation,
along with the use of a wide range of different outcome
measures and cut-off values for each severity level.
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Findings of our review showed a clear lack of standardiza-
tion of severity level descriptors of upper limb motor
impairment and activity limitation following stroke. The
most frequently used descriptors are based on the classifica-
tion of ‘mild’, ‘moderate’, and ‘severe’, as defined using the
three most commonly recommended outcome measures:
FMA-UE, ARAT, and MI.

The number of studies and participants contributing
to each estimate are as follows: FMA-UE (57 papers,
n = 2,828), ARAT (2 papers, n=105), and MI (2 papers,
n=212). There were only sufficient data to derive cut-off
values related to each severity level for the FMA-UE,
based on a small percentage (8%) of all papers (n=57
out of n =750 total papers), which means that these severity
level descriptors are currently dominated by this outcome
measure only. Furthermore, there is an indication of blur-
ring between the boundaries of severity levels within
these articles. Such blurring may influence the consistency
and comparability of severity levels across studies and sug-
gests a need for further refinement of cut-off values. It will
be important to consider the implications of statistical
overlap between adjacent severity categories for clinical
decision making. This would require further input from
clinicians, which we recommend as a next stage in the
development of the proposed severity categories.

In summary, the cited literature demonstrates a high
level of heterogeneity in how FMA-UE severity cut offs
are defined, while the justification of any cut-offs is based
on a very small evidence base (n=1,321 participants)
from four studies (Hoonhorst et al., 2015; Kwakkel et al.,
2003; Woodbury et al., 2013; Woytowicz et al., 2017).

These inconsistencies suggest a need for more standardised,
consensus-based criteria to support cross-study comparabil-
ity and enhance the interpretation of outcomes in rehabilita-
tion research.

The main findings of our systematic review highlight the
urgent need for standardizing levels of severity of motor
impairment and activity limitation, emphasizing the import-
ance of agreed definitions and cut-off values based on
recommended outcome measures.

Implications for Research and Clinical Practice

Future studies should aim to develop consensus, based on
this evidence-based classification, as a standardized classifi-
cation will provide researchers and clinicians with acommon
language and framework for categorizing severity levels of
upper limb motor impairment and activity limitation. Such
a framework has potential to improve stratification of sever-
ity levels and associated eligibility criteria for patients in
future clinical trials of upper limb rehabilitation interven-
tions, results of which will improve clinical guidelines.
Improved stratification would also enable better informed
clinical decision making about effective interventions tai-
lored to specific severity levels, facilitating person-centred
precision rehabilitation post-stroke (French et al., 2022).

Strengths and Limitations of This Review

Our systematic review (including n = 36,429 participants in
total, of which n=3,145 were included in the statistical
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Table 5. Summary of key Findings: Lower and Upper Boundaries for Each Level of Impairment — or Activity Limitation Identified from
the 62 Articles Using the top-3 SMART Outcome Measures (Duncan Millar et al., 2021); Number of Studies, Number of Participants.
(FMA-UE = Fugl-Meyer, Upper Extremity Section; ARAT = Action Research Arm Test; Ml = Motricity Index; IQRs = Interquartile
Ranges; # Denotes Insufficient Data to Establish Boundary Median and IQR.

Severe Moderate Mild Number of Number of
Measure Boundaries Boundaries Boundaries Studies Participants
FMA-UE Lower median [IQR] 0 [0-0] 26 [15-34] 51 [41-60] 58 2,828
FMA-UE Upper median [IQR] 25 [10-35] 50 [38-59] 66 [65-66]
ARAT# 0-16.5 21-39 40-57 2 105
Mi# 048 No data available 49-99 2 212

analysis) builds on previous studies (Hoonhorst et al., 2015;
Woodbury et al., 2013; Woytowicz et al., 2017), each of
which employed different statistical methods to define
severity levels for upper limb motor impairment and/ or
activity limitation, based on individual patient data. As dis-
cussed earlier, while these studies highlighted the need for
and contributed to the effort to standardize severity levels,
they were limited by potential errors at the extremes of
the data distribution (Woodbury et al., 2013), the reliance
on data from single time points (Hoonhorst et al., 2015)
and a sample predominantly representing chronic stroke
survivors (Woytowicz et al., 2017) which limit the applic-
ability of these results to a more representative stroke popu-
lation. In contrast, our review includes data from a wider
range of time points and severity levels, capturing a larger
and more diverse patient population. However, even
though this evidence synthesis comprised a sample of n=
36,429 stroke participants, there are limitations to its gener-
alisability, as only 36% were female, 2% were in the late-
subacute stage and 2% (n=0631) were described as
having a mild level of severity or their upper limb impair-
ment/ activity limitation.

We undertook this systematic review following rigorous
methods to ensure full transparency and replicability: our
protocol was registered before data extraction and analysis
(Terardi et al., 2020). We developed thorough searches con-
sulting different specialist databases, employing advanced
tools for managing references (Endnote™ (The EndNote
Team, 2013), Rayyan (Ouzzani et al., 2016), a bespoke text-
mining tool (lerardi et al., 2023)). Two independent
reviewers were involved at all screening and data extraction
stages. We ensured a comprehensive synthesis of available
evidence including all eligible papers, regardless of publica-
tion date.

Our work presents some limitations however: due to
resource limitations, we restricted our searches to
English-only publications, acknowledging the exclusion
of any relevant non-English studies. We did not undertake
any statistical or mathematical modeling of individual
patient data, as this was not appropriate given the nature
and distribution of the data included in our systematic
review. This was the first systematic review that synthesized
group-level data from published studies, providing an

overview of the literature to capture the variations of defini-
tions of severity levels, and highlighting areas where further
refinement is needed. In future, Individual Patient Data—
provided these follow recommendations for the type and
timing post stroke (Duncan Millar et al., 2021; Kwakkel
et al., 2017)—could be used to validate the severity classi-
fication described in this review. Moreover, Individual
Patient Data analysis could enable the determination of
more precise cut-offs, offer insights into severity classifica-
tions associated with specific clinical demographic vari-
ables and enable the detection of recovery trends over time.

Conclusions

In conclusion, the literature analyzed in this systematic
review demonstrates a high level of heterogeneity in how
FMA-UE severity cut offs are defined and justified. These
inconsistencies suggest a need for more standardized,
consensus-based criteria to support cross-study comparabil-
ity and enhance the interpretation of outcomes in rehabilita-
tion research.

Future research should first of all develop consensus on
the classification presented in this review. Validating sever-
ity levels and cut-off values would not only improve the
quality of stroke rehabilitation research but also support the
development of precision rehabilitation for stroke survivors.
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