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Research context

Neurological rehabilitation is defined by the World Health Organization as a complex process
that assists individuals who experience disability to optimize functioning in interaction with
their environment (World Health Organization, 2020). During this process the patient, their
family, and many disciplines have to work actively together in order to help the patient cope
with their life after the neurological injury (Barnes, 2003). Goals, that are important to the
patient, are set with the aim of working towards being as independent as possible in
performing everyday activities and enabling participation (World Health Organization, 2020).
Currently, it is estimated that around one billion people worldwide suffer from a neurological
disorder. As the global burden of neurological disorders, measured by DALY’s, appears to be
very high and keeps increasing, the need for rehabilitation also continues to increase
(Bertolote et al., 2006; GBD 2016 Neurology Collaborators, 2019). This outlines the
importance of developing and investigating effective treatment strategies. Our thesis,

including stroke patients, can be situated in the neurological domain of rehabilitation.

A stroke or Cerebro Vascular Accident (CVA) is an acute focal injury to the central nervous
system. It has a vascular cause since the blood vessels in the brain are affected. A stroke can
occur due to ischemia, insufficient blood supply, or due to a hemorrhage, a bleeding (Hankey,
2017; Sacco et al., 2013). This disturbance in the blood perfusion causes necrosis of the brain
tissue. The areas surrounding the damaged part and connected to it have the risk to be
endangered as well. Due to this damage, neurological complaints like unilateral weakness,
numbness, visual loss, altered speech etc., can occur (Hankey, 2017; Hankey & Blacker, 2015).
Many stroke patients experience upper limb (UL) disability. In approximately 70% of the stroke
population, sensorimotor disturbances appear in the contralateral arm (Meyer et al., 2014).
These disturbances can vary from a flaccid arm to coordination problems. Other common UL
manifestations include changes in muscle tone, joint laxity and impaired motor control (Hatem
et al., 2016). They often cause persistent deficits in the UL function. Kwakkel et al. (2003)
stated that only 12% of individuals with severe stroke regains complete function of the paretic
arm at six months, while 62% does not regain any ability to reach and grasp despite intensive
physiotherapy. This limits the use of the affected arm and negatively impacts the independent
functioning of the patient (Langhorne et al., 2009; Raghavan, 2015). Reaching and grasping,

however, does not only require a good UL function. It requires the control of many degrees of



freedom of different joints, so that a desired trajectory and interjoint coordination can be
performed (Bernstein, 1967; Kelso et al., 1991; Ma & Feldman, 1995; Mussa Ivaldi et al., 1988).
Levin et al. (2016) suggested that the trunk is also an integral part of the reaching pattern.
Similar to the recruitment pattern in healthy individuals, the onset of the trunk movement
after stroke occurs before or simultaneously with the arm movement (Levin et al., 2002;
Michaelsen et al.,, 2006). Despite that fact, excessive trunk displacement is a common
compensation in patients with chronic stroke (Cirstea & Levin, 2000; Levin et al., 2002). This is
often combined with excessive shoulder movements, like horizontal abduction (Levin et al.,
2016). These alternative movement patterns of the trunk and shoulder are specifically seen
to compensate for the lack of movement in the hemiplegic arm (Levin et al., 2016; Mandon et
al., 2016; Shaikh et al., 2014). In recent years, research to this interaction between the trunk,
shoulder, and upper limb has increased. In this master’s thesis, the aim was to understand if
and how these different joints interact with each other during reaching. This is necessary to
provide an appropriate treatment to regain the lost functionality and independence.

Therefore a comprehensive assessment of the trunk, upper limb and shoulder was needed.

This study is part of the PhD of Dra. Joke Raats, “A comprehensive assessment of the trunk,
scapula and upper limb in neurological patients. Reliability, validity and interrelatedness.”
Consequently, this work was supervised by Dra. Joke Raats as mentor, Dr. llse Lamers as co
promoter and Prof. Dr. Peter Feys as promoter. As part of her PhD, Dra. Joke Raats conducted
a similar study in patients with Multiple Sclerosis (MS). Further, this duo master’s thesis is a
continuation of the study that Eline Voets (E.V.) and Maik Tysiak (M.T.) started last year. Their

test results were combined with the results collected this year for the data-analysis.

During the summer break of 2020, both students started with the data collection by testing
patients at the Jessa Rehabilitation Center St. Ursula. Unfortunately, this could no longer be
continued during the academic year due to the pandemic of COVID-19. From February till
March 2021 A.F. had the opportunity to continue the data collection at Ziekenhuis Oost
Limburg (ZOL) Campus St. Barbara during her internship. Further, both students prepared the
data for the analysis and started writing the different parts of this master’s thesis. J.N.
performed the statistical analysis, except for the mediation analyses, while A.F. wrote the
acknowledgement, research context, and methods. The abstract, introduction, statistical

analysis, results and discussion were written by both students.
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1. Abstract

Background: Reaching is a functional activity that requires coordinated movements of the
trunk and both the proximal and distal upper extremity. Unfortunately, sensorimotor
impairments caused by a stroke can impact this function causing people to lose their
independence and functionality. To be able to provide an appropriate treatment, it is

necessary to understand how these impairments interact with each other.

Objective: The aim of this study was to determine the interrelatedness between the trunk,

upper limb and shoulder function during reaching post-stroke.

Methods: Participants. Twenty-three subacute and eight chronic stroke patients (58% male;
age * 64.52 years) with a mild stroke (NIHSS * 2.27) were recruited from August 2019 till
March 2021 in three rehabilitation centers. Measurements. The trunk, shoulder, and upper
limb were evaluated using the Trunk Impairment Scale (TIS), Clinical Scapular Protocol
(ClinScaP) and Box and Block Test (BBT) in order to evaluate their influence on the reaching
performance, measured by the Reaching Performance Scale (RPS). A mediation analysis was

performed to investigate the interrelatedness.

Results: Positive indirect relations were found between the RPS and the TIS and ClinScaP
through the BBT. The Sobel’s test values for the TIS with the RPS-Close Target, RPS-Far Target,
and RPS-Total were respectively 0.008, 0.004, and 0.005. The Sobel’s test values between the
ClinScaP and RPS-Close Target, RPS-Far Target, and RPS-Total were respectively 0.01, 0.006,
and 0.007.

Conclusion: The upper limb function is the key element in the reaching pattern and can
indirectly be influenced by trunk and shoulder dysfunctions that occur after stroke.
Appropriate treatments for these dysfunctions should be incorporated early in the process to

maximize arm function recovery and reaching.

Keywords: stroke, upper limb, shoulder, trunk, reaching



2. Introduction

Each year, 17 million people worldwide experience a first-time stroke (Feigin et al., 2014).
Consequently, it is recognized as the major cause of disability as it is responsible for 42.2% of
the global neurological Disability Adjusted Life Years (DALY’s) (Collaborators, 2019). A stroke,
causing sensorimotor impairments, could impact a person’s activities of daily life (ADL) and
independence (Santos et al., 2018). Up to 70% of stroke survivors experience upper limb
impairments like muscle weakness, contractures, changes in muscle tone, joint laxity, and
impaired motor control (Allison et al., 2016; Hatem et al., 2016; Meyer et al., 2014). Initially,
a flaccid paralysis of the contralesional arm sets in due to the nerve damage that arises after
stroke. This prevents the muscles from receiving any signal from the brain, whether or not the
corticospinal tract is still intact. While the upper limb function is recovering from this flaccid
stage of stroke, abnormal and stereotypical movement patterns start to appear as a result of
the redevelopment of basic synergies (Brunnstrom, 1970; Twitchell, 1951). Signe Brunnstrom
(1970) attributes these abnormal patterns to the incomplete repair of the connections of the
muscles. As a certain muscle is activated, it stimulates the cooperative muscles to start
responding as well. The brain fails, due to the damage of the stroke, to send the right inhibitory
or excitatory signals to the right muscles (O’Sullivan et al., 2014). Because of this, two principal
synergies can be observed after stroke: the extensor synergy and flexor synergy. The extensor
synergy typically consists of shoulder extension and adduction, combined with elbow
extension, forearm pronation and wrist flexion (Cirstea & Levin, 2000). While the flexor
synergy consists of shoulder flexion and abduction combined with elbow flexion, forearm
supination and wrist extension. The flexor synergy appears when, for example, a patient tries
to reach forward. Due to the activation of the shoulder flexors, the muscles that perform
shoulder abduction and external rotation, elbow flexion, and wrist supination get stimulated
as well (Alt Murphy et al., 2011; Cirstea & Levin, 2000; Ma et al., 2017). These pathological
stereotypical coupling movements of the arm complicate voluntary movements like reaching
and are observed as a phenotype of the loss of interjoint coordination after stroke (Schwarz
et al., 2020). This causes the patient to be severely limited in the ability to adapt movements

to varying tasks or environmental demands (O’Sullivan et al., 2014).

Reaching has been defined as the voluntary positioning of the hand at or near a desired target

(Carr & Shepherd, 2011). It requires coordinated movements of the trunk, shoulder, and



elbow to obtain the desired trajectory and interjoint coordination (Bernstein, 1967; Kaminski
et al., 1995; Levin et al., 2016; Mussa lvaldi et al., 1988; Subramanian et al., 2010). Due to the
lack of interjoint coordination after stroke, patients struggle to perform voluntary movements
and use compensatory strategies instead. Levin et al. (2002) found that hemiparetic
individuals recruit their trunk earlier or more when moving towards targets placed close to
the body in comparison with healthy individuals. The trunk also showed more forward
displacement, asymmetric rotation, and lateral shift to the paretic side. Overall, evidence
shows that the poorer the motor recovery, the more alternative trunk movements are used
to compensate for the deficits in active joint ranges of their hemiparetic arm (Levin et al.,
2016). In addition to the trunk, the shoulder also exhibits altered movements. For instance,
excessive forward trunk displacement is often combined with more shoulder abduction to
compensate for the reduced elbow extension (Liu et al., 2013). This strategy in particular is
more effective in patients with mild UL impairments, because they have preserved some
degree of motor adaptability (Levin et al., 2016). These compensatory movement strategies
arise, because the damaged system seeks the most effective movement strategy available to

compensate for the diminished control of more distal movements (Michaelsen et al., 2004).

All these factors impact the reaching performance of a patient which in turns limits the
capability to perform ADL tasks. Reaching performance in a stroke population is therefore a
topic that is highly investigated. This study however is the first to specifically investigate the
interrelatedness of the impairments of the shoulder, upper limb, and trunk during reaching in
a post-stroke population. The purpose is to identify the influence of the impairments in order
to give a better understanding of the interjoint relationships and their part in reaching deficits.
When these interjoint relations are more understood, a more specific rehabilitation can be

carried out by the therapist.



3. Methods

This cross-sectional study was conducted from August 2019 till March 2021 in three
rehabilitation centers in Belgium: Jessa Rehabilitation Center St. Ursula, Ziekenhuis Oost
Limburg (ZOL) Campus St. Barbara, and Noorderhart Rehabilitation & MS Center Pelt. The
study was approved by the ethics committee of all aforementioned centers and the University
of Hasselt before recruitment started. It also complied with all the ethical principles for
medical research involving human subjects of the WMA Declaration of Helsinki. The informed
consent was given to the participants prior to testing so that one could read through the
document. On the first day of testing, the participants were re-informed verbally to make sure

everything was clear. Afterwards they were asked to sign the informed consent.

3.1. Participants

Stroke patients were recruited by a physiotherapist in the institutions using a purposive
sampling. Patients were eligible if they met the following criteria: (1) > 18 years old, (2) first-
ever single, unilateral stroke, (3) without apraxia or hemi-spatial neglect, (4) able to
understand and execute the test instructions, (5) able to sit on a chair with low back support
for 10 minutes and (6) able to move at least 1 out of 3 joints of the affected upper limb (wrist,
elbow or shoulder) with a Medical Research Council score 3. Patients were excluded if they
had any other medical condition interfering with the upper limb or trunk function (e.g.
orthopedic or rheumatoid impairment), a perceived pain of > 4/10 in one of the upper limbs
scored by the Visual Analogue Scale, or a severe cognitive or visual impairment. The in- and

exclusion criteria are summarized in Table 1.

Table 1 — Selection criteria

Inclusion criteria Exclusion criteria
e Age:>18yearsold e Other medical conditions interfering with the
e First-ever single, unilateral (ischemic or UL or trunk function (orthopedic or
hemorrhagic) stroke rheumatoid impairment)
e No apraxia or hemi-spatial neglect e Perceived pain in one of the UL: VAS > 4/10
e Able to understand and execute the test e Severe cognitive or visual deficits

instructions

e Able tosit on a chair with low back support
for 10 minutes

e Able to move at least 1 out of 3 joints of the
affected UL (wrist, elbow or shoulder): MRC 3

Abbreviations: UL, upper limb; MRC, Medical Research Council; VAS, Visual Analogue Scale.
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3.2. Experimental Procedure

Measurements were conducted by four independent assessors (A.F., J.N.,, M.T. & E.V.) at two
different test sessions with a duration of one hour each. The two sessions were required to
take place within one week and at the same time of the day. All tests and questionnaires were

executed randomly in order to avoid an order bias.

Table 2 — Outcome measures according the ICF

Body function Activities Participation
e Clinical Scapular Protocol e Reaching Performance /
(ClinScaP) Scale (RPS)
e Trunk Impairment Scale ¢ Box and Block Test (BBT)
(TIS) e Action Research Arm Test
e Active and Passive Range of (ARAT)
Motion (AROM/PROM) e Nine Hole Peg Test (NHPT)
e Modified Ashworth Scale e 10 Meter Walk Test
(MAS) (10MWT)
e Brunnstrom Fugl Meyer e Modified Rankin Scale
(BFM-UE) (MRS)
e Maximal hand grip strength e Manual Ability Measure-36
(JAMAR) (MAM-36)
e National Institutes of Health e Edinburgh Handedness
Stroke Scale (NIHSS) Inventory (EHI)

e Motor Activity Log (MAL)

Note: Primary outcome measures in bold.

3.2.1. Descriptive outcome measures

In order to describe the characteristics of the included stroke population, the following data
were first collected from each patient: age, gender, time since stroke, side of stroke,
medication intake, and comorbidities. These patient characteristics were collected during the
first session through the medical record obtained by the referring neurologist. Furthermore,
twelve descriptive outcome measures were used. An overview of these outcomes is provided
in Table 2 where they are classified according to the International Classification of Functioning,

Disability and Health (ICF) (Salter et al., 2013).

Body structures and function
National Institutes of Health Stroke Scale (NIHSS) (Brott et al., 1989). The NIHSS was used to

assess stroke severity. This test comprises the following aspects: consciousness, ability to

10



respond to questions and execute simple commands, deviation of gaze and hemianopsia,
facial palsy, motor function of UL and LL, limb ataxia, sensibility, aphasia and dysarthria, and
visual spatial neglect or anosognosia. It was scored on a total of 42 points with higher scores

reflecting greater severity (Anemaet, 2002; Kwah & Diong, 2014; Salter et al., 2013).

Active and Passive Range of Motion (AROM/PROM). The active and passive ROM of both arms
were measured using a goniometer. The following movements were assessed in degrees:

shoulder flexion, elbow extension and wrist dorsal and palmar flexion.

Brunnstrém Fugl Meyer (BFM-UE) (Fugl-Meyer et al., 1975). For this study only the upper
extremity subscale of the motor function domain (BME-UE) was applied. In total, the BFM-UE
consists of 33 items divided into the following categories: (A) reflex activity, synergies and
volitional motion of the shoulder, arm and forearm, (B) wrist stability and motion, (C) hand
motion/grasps and (D) coordination/speed. The items are each scored on a 3-point ordinal
scale between 0 and 2 (0 = cannot perform, 1 = performs partially and 2 = performs fully).
Eventually, a score at 66 was administered (Gladstone et al., 2002; Platz, Pinkowski, van Wijck,
& Johnson, 2005; See et al., 2013). The Brunnstrom Fugl-Meyer is a reliable and valid test and

is considered as a core measure for stroke patients (Kwakkel et al., 2017).

Modified Ashworth Scale (MAS) (Ashworth, 1964). The spasticity of the shoulder adductors,
elbow flexors, wrist flexors and finger flexors was assessed using the Modified Ashworth Scale.
First, the passive ROM was evaluated to check if movements of the joints were pain free. Then,
the spasticity of the muscle groups was evaluated by repeating the same movement at the
same speed five times. The highest resistance was scored from 0 (no elevated muscle tone) to

4 (immovable) (Bohannon & Smith, 1987; Gregson et al., 1999).

Maximal hand grip strength (JAMAR). The JAMAR® Hydraulic Handheld Dynamometer (Model
J00105) was used to measure the maximal isometric grip force in kilograms. The position of
the hand grip handle was adjustable for different hand sizes. The middle phalanx of the middle
finger of each participant had to form an exact angle of 90°. Further, the arm was held in 90°
elbow flexion with the forearm in a neutral position. The participants had to squeeze the
handheld dynamometer as hard as they could. The dominant hand was always assessed first.
Three trials per arm were taken with a rest interval of 30 seconds after each trial. The mean

score of the trials was calculated (Amaral et al., 2012; Schaubert & Bohannon, 2005).
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Activities

Action Research Arm Test (ARAT) (Carroll, 1965; Lyle, 1981). The ARAT was used to observe
coordination, dexterity and functioning of the upper extremity. Nineteen items divided into
the following sub items were measured: grasp, grip, pinch and gross movement. Both hands
were tested separately with the non-affected side always first. For each of these items the
time to execute the task was timed with a chronometer watch. Subsequently, a score between
0 (no movement) and 3 (movement performed normally) was assigned based on the execution
and time the participant had achieved. A higher score indicated a better performance with 57

points being the maximum score (Platz, Pinkowski, van Wijck, & Johnson, 2005).

Nine Hole Peg Test (NHPT) (Kellor et al., 1971). During the NHPT the patients were asked to
place nine pegs into a plastic block with holes and then remove them again. The intention was
to do this as quickly as possible. If a peg fell onto the table, the patient had to pick it up
themselves. If a peg fell onto the ground, the peg was picked up for them by the assessor.
Both the dominant and non-dominant hand were tested twice consecutively with the
dominant hand always starting first. All of the trials were timed using a chronometer watch. If
it took the patient more than five minutes to complete the trial, the trial was terminated. The
fastest trial of both hands was used in the analysis. The purpose of this test was to measure

the fine manual dexterity (Fischer et al., 2001; Salter et al., 2013).

10 Meter Walk Test (10MWT) (Collen et al., 1990). During the 1I0MWT the participants were
asked to walk at a comfortable speed. Over the 10 meter distance their walking speed was
measured in meters per second. If a walking aid was needed, it was reported at the test form.

The test was repeated three times and a mean walking speed was calculated afterwards.

Modified Rankin Scale (MRS) (Rankin, 1957). The Modified Rankin Scale, also known as the
Modified Rankin Handicap Scale, is a test in which the degree of dependence on others during
the performance of activities is administered. A single score on a 6-point ordinal scale between
0 (no symptoms) and 5 (severe handicap) was assigned (Salter et al., 2013; van Swieten et al.,

1988).

Manual Ability Measure-36 (MAM-36) (Chen & Bode, 2010; Chen et al., 2005). The perceived
difficulty that the patient may experience during the performance of unilateral and bilateral

ADL-tasks was measured with the MAM-36. In the form of a semi-structured interview, 36
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activities were rated between 1 (unable to perform) and 4 (easy to perform). A score of 0 was
only given if the participant never performed the activity (Chen et al., 2014). To avoid
frustration in participants that suffered from aphasia or severe dysarthria, a paper with the
meaning of the scores was used so that they could point to their answer on the paper. Their

answers were written down on the test form by the assessor.

Motor Activity Log (MAL) (van der Lee et al., 2004). During a semi-structured interview the
participants were asked how often (Scale A: frequency) and how good (Scale B: performance)
their affected arm participated during the surveyed activities. Both scales were scored on a 6-

point scale.

Edinburgh Handedness Inventory (EHI) (Oldfield, 1971). This test was used to determine the
hand dominance of a person during everyday activities. The participants were asked with
which hand they perform the ten different activities or manipulate the specified objects. A
Laterality Quotient value was calculated to interpret the handedness by the following formula:
(R-L)/(R+L) x 100. A value of less than -40 indicated left-handedness, between -40 and +40

ambidexterity and more than +40 right-handedness.

3.2.2. Primary outcome measures
In total, four primary outcome measures were used for the comprehensive assessment of the
trunk, upper limb, and shoulder to investigate their interrelatedness during reaching. An

overview of these outcomes is also provided in Table 2.

Body structures and function

Trunk Impairment Scale (TIS) (Verheyden et al., 2004). The static and dynamic sitting balance
as well as the trunk coordination were assessed based on the seventeen items of the Trunk
Impairment Scale by Verheyden et al. The items were scored on a 2-, 3- or 4-point ordinal
scale and the test was performed in a standardized manner. For example, the patients needed
to sit on the edge of a treatment table with their knees in a position of 90° without wearing
shoes and socks. They had three chances to perform each item of which the highest score was
noted. Eventually, a maximum score of 23 could be earned by the participants. A high score
on the TIS meant a better trunk function without compensation strategies. Concerning the
psychometric properties, the Trunk Impairment Scale showed a good to excellent test-retest

reliability (ICC = 0.87-.99) and inter-rater reliability (ICC = 0.85-0.99). The internal consistency
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measured by Cronbach’s alpha for the total TIS was nearly excellent (a = 0.89). They also
investigated the content validity of the Trunk Impairment Scale. Further, an excellent
correlation between the Barthel Index and TIS (r = 0.86) was shown for the construct validity.
For the concurrent validity, an excellent correlation between the Trunk Control Test and TIS (r
=0.83) was shown (Verheyden et al., 2004; Verheyden et al., 2007). Lastly, the three subscales
and total Trunk Impairment Scale showed a significant ability to discriminate between stroke

patients and healthy controls (p <0.0001) (Verheyden et al., 2005; Verheyden et al., 2007).

Clinical Scapular Protocol (ClinScaP) (De Baets et al., 2016). The protocol consists of five tests:
(1) observation of tilting and winging during rest and movement, (2) shoulder girdle position
tests (Pectoralis minor index, acromion index and scapular distance test), (3) scapular lateral
rotation measurement, (4) maximal humeral elevation and (5) medial rotation test. The
execution of the ClinScaP can be observed in Fig. 1. Test 1 and 5 were scored on an ordinal
scale between 0 and 2. The height of each of the participants was asked for test 2 to calculate
the Pectoralis minor index and acromion index. A measuring tape and sliding carpenter were
used to measure the distance between the indicated reference points of test 2. Further, an
inclinometer was required for test 3 and a goniometer for test 4. De Baets et al. also checked
the reliability of the ClinScaP in their study. They demonstrated very high ICC’s for tests 2, 3,
and 4 except for the Pectoralis minor index. A substantial inter-rater reliability was shown for
test 1, observation at rest, and test 5. Also, an almost perfect inter-rater reliability was shown
for observation during movement of test 1. Eventually, the decision was made to only
incorporate test 4 of the ClinScaP in the mediation analyses, because it showed the highest

level of measurement quality and clinical utility.

Observation of tilting and winging Shoulder girdle position
Rest active FF Scapular distance test

Acromion index Pectoralis minor index

Medial rotation test

Scapular lateral rotation (inclinometry) Maximal active
Rest passive FF shoulder elevation

L

Fig. 1 - Clinical Scapular Protocol (De Baets etal., 2016)
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Activities

Reaching Performance Scale (RPS) (Levin et al., 2004). The RPS has the purpose of assessing
and identifying compensatory movements during a reach-to-grasp task in people post-stroke.
The focus is mainly on the transport phase of reaching, from the participant starting the
movement until the cone being grabbed. During the test, the participant had to reach six times
for a close and far target. The execution was recorded by a frontal and sagittal camera
perpendicular to the patient. More detailed technical instructions can be observed in Fig. 2.
Afterwards, six components were scored by two independent assessors on a 4-point scale (0-
3) based on these recordings: trunk displacement, movement smoothness, shoulder
movements, elbow movements, prehension and global score. A maximum score of 18 could
be obtained for the far and close target separately. In order to keep the test standardized it
was always performed with the same height difference between the table and chair (~30cm)
and by using the same low-back support chair for every subject. In exceptional cases, the test
was performed from the wheelchair. The height different was preserved. Regarding the
psychometric aspects, the RPS shows an excellent inter-rater reliability (rcose= 0.84 and rear=
0.89) and intra-rater reliability (rcose= 0.80-0.95 and rfar= 0.83-0.94) for both targets.
Correlations between the RPS and the Chedoke McMaster Stroke Assessment, TEMPA and
grip force were examined to study the concurrent validity. Moderate correlations were found
between the RPS and grip force (rdose= 0.60 and rrar= 0.63) whereas excellent correlations were
found with the Chedoke McMaster Stroke Assessment (rcose= 0.92-0.95 and rsr= 0.90-0.93)
and TEMPA (rcose= -0.84 and rrar= -0.88). The Reaching Performance Scale was also able to
discriminate between different levels of upper extremity impairments in stroke patients in
both the close and far target (p < 0.0001) ) (Levin et al., 2004).

far target, 30 cm

wrist, starting position
4cm of the front

close target, 1 cm

QY ]

Fig. 2 - Technical instructions of the Reaching Performance Scale
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Box and Block Test (BBT) (Mathiowetz et al., 1985). This performance-based measure of gross
manual dexterity was administered once for the dominant hand and once for the non-
dominant hand. The participant was given one minute to move as many blocks as possible
from one compartment to the other compartment of the box. If the participant took two
blocks simultaneously, it was counted as one. It was not allowed to throw the blocks over the
partition without crossing it with at least a part of the fingers (Salter et al., 2013). Literature
shows an excellent test-retest reliability (r = 0.98; ICC = 0.89-0.96) and interrater reliability (r
= 0.99) in subjects with an upper limb impairment due to stroke. Further, the BBT has an
excellent convergent validity with the ARAT (r = 0.95), BFM (r = 0.92), and Hemispheric Stroke
Scale (r =-0.67). (Chen et al., 2009; Mathiowetz et al., 1985; Platz, Pinkowski, van Wijck, Kim,
et al., 2005). Adequate to excellent correlations were found for the concurrent validity
between the BBT and the NHPT (r=-0.71), ARAT (r = 0.64), BFM (r = 0.35), MAL-AQOU (r = 0.49),
MAL-QOM (r=0.52), and SIS (r = 0.52) (Lin et al., 2010).

3.3. Statistical analysis

Statistical analyses were performed using JIMP® Pro 15.2.0 (466311) (SAS Institute Inc., Cary,
NC, USA). A level of statistical significance of a < 0.05 was set. The normality of data was
assessed using the Shapiro-Wilk test. Further, the Variance Inflation Factor (VIF) value was set
at 5 to check for multicollinearity and the Durbin-Watson test was used to assess
autocorrelation in the data. Since the distribution of the data was skewed, our results are
presented as median [interquartile range]. Mediation analyses with linear regression were
performed to investigate the associations between the reaching performance and the trunk,
upper limb, and shoulder dysfunctions of stroke patients. The following hypothesis was used:
Ho = there is no relationship between X, the independent variable, and Y, the dependent
variable. Only the direct effect (c’) and the indirect effect (ab) with a mediator variable (M)
were considered in the interpretation of the mediation analyses (Fig. 3) (Agler & De Boeck,

2017).

Fig. 3 - Effect of X and Y including a mediation (Agler & De Boeck, 2017)
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4. Results

4.1. Patient characteristics

A total of 33 participants (19 men and 14 women) with a mean age of 64.52 + 15.66 years
were enrolled in this study. According to the NIHSS, the majority of the patients had a mild
stroke (Adams et al., 1999). Fifteen patients showed a mild upper extremity impairment,
another 15 had a moderate-mild impairment, while only three patients had a severe-
moderate impairment (Woytowicz et al., 2017). Further, there were 23 patients in the
subacute recovery phase (<6 months post-stroke) and eight in the chronic recovery phase (>6
months post-stroke). Their handgrip force was measured with a handheld dynamometer and
the paretic hand showed a median force of 13kg which is up to 51% lower compared to healthy
older adults of the same age category (Desrosiers et al., 1995). Seven patients were unable to
perform or complete the I0MWT. None of the other patients could be classified under
household ambulation, but 11 patients were a limited community ambulator, and 16 patients
a full community ambulator (Perry et al., 1995). Most of the subjects had no spasticity as they
scored zero on the MAS of all the tested muscle groups. When spasticity was present, it was
mainly seen in the elbow flexors. The results of all descriptive outcome measures can be found
in Table 4. It should be noted that the medical records of patients 20 and 21 were missing,

causing the data (age, time since stroke and side of stroke) to be incomplete.

Table 4 — Descriptive measures

Participants (n) 33
Age (mean years £ SD) 64.52 + 15.66
Gender (M/F), n (%) 19/14, 58/42

Time since stroke (mean days * SD)

174.81 +316.07

Side of stroke (L/R), n (%) 15/18, 45/55
Hand dominance prior to stroke (L/R/A) 2/30/1
NIHSS (0-42) 21[0.5,4]
Active ROM (°)

Shoulder Flexion (°) 130[96, 142]
Elbow Extension (°) 00, 1]
Dorsiflexion (°) 42 [30.5, 52]
Palmar flexion (°) 50 [39, 69]

Abbreviations: M, male; F, female; L, left; R, right; A, ambidexter; NIHSS, National Institutes of Health Stroke
Scale; ROM, Range of Motion. Data are presented as median [IQR] unless otherwise stated.



Table 4 — Descriptive measures (continued)

Passive ROM (°)

Shoulder Flexion (°)

141 [120, 155]

Elbow Extension (°)

010, 0]

Dorsiflexion (°)

52 [42, 63.5]

Plantarflexion (°)

64 [49.5, 80]

BFM-UE (0-66) 50 [40, 60]

ARAT (0-57) 47 [36, 54]
Handgrip strength (kg) 13[6.58, 19.92]
NHPT (peg/s) 0.18 [0.04, 0.25]
10MWT (s) 10.29[7.25, 12.99]
mRS (0-5) 21[1, 4]

MAM-36 (0-144)

119 [94.5, 132]

EHI

100 [86.67,100]

MAL-TOT (0-5)

1.46 [0.89, 3.33]

MAL-AOU (0-5)

1.52[0.96, 3.25]

MAL-QOM (0-5)

1.4810.88, 3.1]

MFIS (0-84) 30.5[14.5, 42.75]

0 1 1+ 2 2+ 3
MAS (0-3)
Shoulder Adductors 26 4 0 2 0 0
Elbow Flexors 18 10 1 4 0 0
Wrist Plantarflexors 28 1 2 2 0 0
Finger Flexors 28 2 1 1 0 1

Household ambulation Limited community Full community
(<0.4m/s) ambulation (0.4-0.8m/s) ambulation (>0.8m/s)

10MWT 0 11 16

Abbreviations: ROM, Range of Motion; BFM-UE, Brunnstrém Fugl-Meyer Assessment — Upper Extremity; NHPT,
Nine Hole Peg Test; BBT, Box and Block Test; mRS, modified Rankin Scale; MAM-36, Manual Ability Measure-
36; EHI, Edinburgh Handedness Inventory; MAL-TOT, Motor Activity Log — Total score; MAL-AOU, Motor
Activity Log — Amount of Use; MAL-QOM, Motor Activity Log — Quality of Movement; MFIS, Modified Fatigue
Index Scale; MAS, Modified Ashworth Scale; 10MWT, 10-Meter Walk Test.

Data are presented as median [IQR] unless otherwise stated.
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4.2. Group results of the primary measures

The median score of the total RPS was 32 with an interquartile range from 23.5 to 36. So,
overall the participants scored very well as twelve participants scored the maximum of 36 on
the RPS-Total, and 13 and 14 patients scored the maximum score of 18 on the close and far
target respectively. The sum of the scores of the subitems are presented in Appendix — Table
1. The TIS showed a median score of 17 with an IQR of 15 to 19.6. A score of 20 is used as a
cut-off value. This means that eight participants had a normal trunk function. The participants
scored the best at the static subscale as 23 participants scored the highest possible score. The
dynamic and coordination subscales contained more demanding tasks and, respectively, only
6 and 4 participants reached the maximum score. Further, the participants scored a median
score of 26 on the BBT. This score is remarkably lower than the normal values of + 68
blocks/minute for right-handed male and + 76 blocks/minute for female between 65 and 69
years old (Mathiowetz et al., 1985). In Table 6, all of the scores on the different test items of
the ClinScaP can be found. In this study, test 4 was the most important. The median maximal
active humeral elevation of test 4 was 130° with a IQR of 96 to 142. This means that the
majority of the patients were able to reach far above 90° shoulder elevation. An overview of

the results of the primary outcome measures are listed in Table 6.

Table 6 — Primary Outcome Measures

RPS-Total 32[23.5, 36]
RPS-Close Target 17 [12.5, 18]
RPS-Far Target 15[12, 18]
TIS-Total 17 [15, 19.5]
TIS-Static 716,7]
TIS-Dynamic 8[6.5, 9]
TIS-Coordination 2[2, 4]

BBT 26 [17.5, 37]

Abbreviations: RPS-Total, Reaching Performance Scale Total Score; RPS-Close Target, Reaching Performance
Scale Close Target; RPS-Far Target, Reaching Performance Scale Far Target; TIS-Total, Trunk Impairment Scale
Total Score; TIS-Static, Static Sitting Balance Subscale of the Trunk Impairment Scale; TIS-Dynamic, Dynamic
Sitting Balance Subscale of the Trunk Impairment Scale; TIS-Coordination; Coordination Subscale of the Trunk
Impairment Scale; BBT, Box and Block Test.

Data are presented as median [IQR] unless otherwise stated.
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Table 6 — Primary Outcome Measures (continued)

ClinScaP
TEST 2 — ACR-INDEX 0.04 [0.03, 0.05]
TEST 2 — PECT-INDEX 0.1[0.09, 0.10]
TEST 2 — SCAP-DIST 1.56 [1.48, 1.72]
TEST 3 — Rest 0[-7,0]
TEST3-30° 2[-0.5, 8]
TEST 3 -60° 8[2,13]
TEST 3 -90° 17 [10.5, 21]
TEST3-120° 29 [19.5, 33.5]
TEST 4 130 [96, 142]
NT/W T/W T+W N AT/SM AT/SM AT+SM
ClinScaP
TEST1-R 19 12 2
TEST1-M 21 10 2
TEST S 12 19 2

Abbreviations: ClinScaP, Clinical Scapular Protocol; TEST 2, Shoulder girdle position tests; ACR-INDEX, Acromion
index; PECT-INDEX, Pectoralis Minor index; ScapDist, Scapular Distance Test; TEST 3, Scapular lateral rotation
measurement in rest, 30°, 60°, 90° & 120°; TEST 4, Maximal active humeral elevation; TEST 1, Observation of
tilting and winging during Rest (R) and Movement (M); TEST 5, Medial Rotation Test; N T/W, No Tilting or
Winging; T/W, Tilting or Winging; T+W, Tilting and Winging; N AT/SM, No Anterior Humeral Translation or
Scapular Movement; AT/SM, Anterior Humeral Translation or Scapular Movement; AT+SM, Anterior Humeral
Translation and Scapular Movement.

Data are presented as median [IQR] unless otherwise stated.

4.3. Association models based on mediation analyses

In total, nine association models were created to investigate whether trunk, shoulder, and
upper limb dysfunctions directly or indirectly influence reaching post-stroke. Therefore,
associations between the Trunk Impairment Scale, Box and Block Test, and test 4 of the Clinical
Scapular Protocol (now referred to as ‘Shoulder’) and their influence on the Reaching
Performance Scale were explored (Fig. 4). Our results did not reveal any direct relationship
between the trunk or shoulder and reaching, while the upper limb was consistently positively
correlated with reaching. However, six models did show a significant indirect effect. They
revealed that both trunk and shoulder impairments indirectly affect reaching for an object
that is near and far away through the upper limb. In other words, shoulder and trunk

impairments influence the functioning of the upper limb which in turn affects the reaching
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performance. This can be seen in Fig. 4 as the TIS and RPS-Close Target (Sobel’s test of 0.008),
RPS-Far Target (Sobel’s test of 0.004) and RPS-Total (Sobel’s test of 0.005) showed a positive
indirect relation via the BBT, respectively in models 2, 5, and 8. Also a positive indirect
association was observed between the Shoulder and RPS-Close Target (Sobel’s test of 0.01),
RPS-Far Target (Sobel’s test of 0.006) and RPS-Total (Sobel’s test of 0.007) via the BBT in
models 3, 6, and 9. A more detailed overview of the standardized values and p-values can be

found in the Appendix — Table 2.
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Model 1: Shoulder

\ 0.242

TIS mmms)  RPS close

0.488**

0.154
Model 4: Shoulder
0.488** 0.403*
TIS mmss)  RPS far
0.160
Model 7: Shoulder

0.488**

\ 0.327

TIS mmms)  RPS total

0.163

Model 2:
0.547%**
R2= 11.8% TIS
Adj R?= 5.9%
Model 5:
0.547**
R2= 25.0% TIS
Adj R?= 20.0%
Model 8:
0.547**
R?= 18.6% TIS

Adj R?= 13.2%

BBT

0.651%**
mm==) RPS close
-0.085
BBT

0.727**
mmms)  RPS far
-0.042
BBT

0.702**
mmmm)  RPS total
-0.061

R?= 37.1%
Adj R? = 32.9%

R?= 49.7%
Adj R*= 46.3%

R?= 29.9%
Adj R? = 27.7%

Model 3:

Model 6:

Model 9:

BBT
0.555%** 0.620**
Shoulder === RPSclose R%*= 36.6%
Adj R =32.4%
-0.028
BBT
0.555** 0.632%*
Shoulder ====) RPSfar R*=50.7%
Adj R2=47.4%
0.130
BBT
0.555%** 0.640**
Shoulder mmss) RPStotal R?=44.9%
Adj R? = 41.2%
0.052

Fig. 4 - Association models

*p<0.05 **p <0.01; yellow marking = significant Sobel’s test.
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5. Discussion

The upper limb, shoulder, and trunk of stroke patients were assessed comprehensively by
using the Box and Block Test, Clinical Scapular Protocol and Trunk Impairment Scale. This was
done in order to investigate the influence of their functioning on the reaching pattern,
measured by the Reaching Performance Scale. Regarding the primary measure of the upper
limb, multiple options were first considered and discussed. The Action Research Arm Test,
Brunnstrom Fugl-Meyer Assessment and Box and Block Test are all three recommended,
because they demonstrated the highest level of measurement quality and clinical utility in
individuals after stroke (Alt Murphy et al., 2015; Pohl et al., 2020). The ARAT was primarily
selected, because it is a key measure for the upper limb in a post-stroke population (Kwakkel
et al., 2017; Pohl et al., 2020). Although it provides a more comprehensive, activity-based
overview of the arm function based on its grasp, grip, pinch and gross movement items, it is
important to note that during the execution of the ARAT, reaching above shoulder height is
asked. The ARAT seems to include both the upper limb and shoulder and was therefore chosen
not to include this outcome measure in the further analyses. The upper extremity part of the
Brunnstrom Fugl-Meyer was also considered. This assessment tool provides both distal and
proximal information about the upper limb. The BFM-UE gives a better idea about the actual
motor functioning of the arm, since it measures reflex activity, synergies, volitional arm
movements, muscle force against resistance and dysmetria/tremor. Since the BFM also
evaluates different parts of the shoulder function, it was decided to not use it either. Unlike
the ARAT and BFM-UE, reaching above shoulder height is not required during the execution
of the BBT. Itis rather a quick and easy assessment tool that measures gross manual dexterity.
It, therefore, seemed to be an acceptable primary outcome measure for the upper limb to

answer our research question.

Overall, this study suggested that the upper limb is the key element during reaching after
stroke. Besides being the only component that consistently correlated with reaching, the
trunk and shoulder impairments also appeared to indirectly affect reaching for an object that
is near and far away through the upper limb. Current literature seems to agree that elbow
extension, shoulder flexion and shoulder horizontal adduction are the three main factors that
are necessary to reach the endpoint during reaching (Cirstea & Levin, 2000; Michaelsen et al.,

2004; Tomita et al., 2017). Elbow extension in particular is related to and important for the
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functional use of the hemiparetic arm (Massie et al., 2011). Beebe et al. (2008), on the other
hand, stated that the AROM of the shoulder flexion explains 88% of the variance in the hand
function early after stroke. Further, they found that 61% of the variance in hand function can
be explained by the individuation of the joints. Individuation is defined as “the ability to make
isolated motions of individual joints or body segments”(Shumway-Cook & Woollacott, 2007;
Zackowski et al., 2004). Thus, those who presented a greater AROM were better in isolating
movements of the different joints. The same correlation between shoulder motion and hand
function was found in subjects with chronic hemiparesis (Lang & Beebe, 2007). These results
showed that the loss of isolated movement control of the shoulder and elbow contributed to
the loss of distal functions. In other words, it appears that the hand function highly relies on
the ability to move the shoulder (Kapandji, 1981). It is, therefore, important that efforts are
made to improve shoulder motion during rehabilitation to ensure a better hand function.
Other studies found that the interjoint coordination between the shoulder and elbow is
disrupted after stroke (Cirstea et al., 2003; Levin et al., 2016). In healthy individuals, the
reaching movement starts by flexing the elbow followed by a combination of elbow flexion,
shoulder horizontal adduction and shoulder flexion. Then the shoulder moves alone, further
to horizontal adduction followed by the extension of the elbow and shoulder flexion. The
reaching movement ends with a maximal elbow extension to let the hand reach the endpoint
(Cirstea & Levin, 2000). This strong coupling between shoulder and elbow movements may be
affected by the presence of abnormal synergies that arise after a stroke (Levin et al., 2016).
Depending on the severity of the stroke, variations are found in the reaching strategy. For
instance, in patients with mild stroke, it was found that the coupling of the shoulder and elbow
coordination was preserved. They were able to easily adapt their reaching strategy depending
on the placement of the target (ipsilateral, contralateral and central target). Unlike mild
stroke, patients with moderate-to-severe stroke had difficulties to move their upper limb out
of the abnormal flexor synergy causing the inability to adapt the reaching strategy (Levin et
al., 2016; Shaikh et al., 2014). This was characterized by the use of less elbow extension and
shoulder horizontal adduction (Cirstea et al., 2003; Collins et al., 2018). They had to use
compensation strategies, like more forward trunk displacement and excessive shoulder
horizontal abduction, to reach the target (Cirstea & Levin, 2000; Cirstea et al., 2003; Levin et
al., 2016). This explains the relationship between the shoulder and upper limb and indirect

correlations with reaching that were found in this study.
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Postural stability of the trunk is necessary to be present during upper limb movements to
support distal motion of the elbow and hand joints (Kaminski et al., 1995). Our results showed
that a poor outcome on the TIS impacts the outcome on the BBT. In other words, if the trunk
fails to provide postural stability due to dysfunctions in balance or coordination, than the
upper limb will experience difficulties during movements like reaching. Another study found
that the TIS scores were significantly correlated with the BFM-UE score (r = 0.62, p < 0.001).
This suggests that patients with a lower TIS score were more likely to present a worse upper
limb function (Kong & Ratha Krishnan, 2021). A good trunk performance seems to be
important during voluntary movements of the extremities e.g. reaching (Verheyden et al.,
2006). On the one hand, selective movements of the trunk ensure the maintenance of an
upright posture during reaching, by keeping the center of mass within the base of support
(Kong & Ratha Krishnan, 2021). On the other hand, the trunk is also an integral part of the
reaching pattern as the onset of the trunk movement occurs before or simultaneously with
the arm movement (Levin et al., 2002; Michaelsen et al., 2006). Despite these facts, excessive
trunk displacement is a common compensation in patients with chronic stroke to compensate
for the lack of movement in the hemiplegic arm (Cirstea & Levin, 2000; Levin et al., 2016; Levin
et al., 2002; Mandon et al., 2016; Shaikh et al., 2014). Michaelsen et al. (2001) investigated
the influence of these trunk compensations on the reaching ability in chronic hemiparetic
individuals. By restricting the trunk, they observed the presence of a more ‘normal’ reaching
pattern. Thus, it is possible that the normal patterns of movement coordination may not be
entirely lost after stroke (Michaelsen et al., 2001). It, therefore, seems important that to
maximize arm recovery after stroke, appropriate treatments for the trunk performance should

also be incorporated early in the rehabilitation process.

5.1. Study strengths and limitations

5.1.1. Limitations

A first limitation in this study is the use of the original TIS. For the first item of this test, subjects
need to be able to sit 10 seconds without arm and back support. Verheyden & Kersten (2010)
removed this item from the test as it created a large ceiling effect. Namely, 90% of the subjects
scored a maximum score of 2 on this item. In our study, all of the included patients scored
maximum on this item, since it was a requirement that the patients could sit for 10 minutes

with low-back support. Because of this, the subjects are more located on the top end of the
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scale, which makes it possible that the effect of the TIS and de RPS is smaller than in a more
heterogenous population. A second limitation is that the psychometric values of the ClinScaP
and RPS are questionable. Overall, the ClinScaP showed a substantial test-retest reliability,
inter-rater reliability, and discriminant validity of most items. However, there are still
unknown or not proven to be sufficient psychometric properties (De Baets et al., 2016). Since
there are no other clinical tests available that solely investigate the shoulder complex in stroke
patients and it showed a high level of measurement quality, it was chosen to still use the
ClinScaP. Further, although the RPS has shown to be a valid and reliable assessment tool, it
should be interpreted carefully. Since the population that was tested was only a small sample
size of a non-presentative group (younger than usual stroke survivors), the results were only
preliminary according to Levin et al. (2004). Lastly, our findings can’t be generalized to other

reaching tasks due to kinematic redundancy and task specificity (Levin et al., 2019).

5.1.2. Strengths

As mentioned earlier, this study is a continuation of a master’s thesis that was started in 2019.
Half of the data was collected by two assessors (E.V. & M.T.) from August 2019 till February
2020, and the other half of the data was collected by two new assessors (A.F. & J.N.) from July
2020 till March 2021. Hence, more participants could be recruited for this study. The first
strength is the number of participants that were recruited in this master’s thesis. Current
literature on similar topics often only included a small amount of patients. Our larger sample
size may provide a smaller margin of error and more accurate results. Further, a risk of
observer bias was avoided, despite the presence of four different assessors, because all of the
primary measures had an excellent inter-rater reliability. Our third strength was the extensive
description of the characteristics of the included stroke population. Multiple descriptive
outcome measures were used to form a clear picture of the population that was included in
our study. In this way, future studies can make a better comparison with our population. All
tests and questionnaires were also executed randomly so that an order bias could be avoided.
Lastly, this is the first study to investigate the interrelatedness of the impairments of the

shoulder, upper limb, and trunk during reaching after stroke.
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5.2. Recommendations for future research

For the moment, there are no valid and reliable tests available for stroke patients that target
the shoulder function, except for the Clinical Scapular Protocol. This is a domain that should
be investigated by future studies. Further, the most improvement for trunk, arm and
functional recovery is seen until 3 months after stroke, so a key element in the rehabilitation
process is that appropriate treatments for the improvement of trunk performance and
shoulder motion should be incorporated early in the process (Borschmann & Hayward, 2020;
Verheyden et al., 2008). This is necessary to maximize the upper limb recovery during
reaching. Because our study shows the relationship between the trunk, shoulder, upper limb
and reaching performance, it is important that the deficits in the different joints are both
addressed separately and together during reaching tasks. Thus, there is a need for qualitative
studies investigating treatments that can contribute to improving the cooperation of the

trunk, shoulder and upper limb during reaching.
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6. Conclusion

The results of this study suggest that trunk, shoulder, and upper limb dysfunctions are partly
related to each other and the reaching performance in people post-stroke. The upper limb
and the reaching performance were consistently associated with each other, so if a stroke
patient has a poor upper limb function, than the reaching performance will also be of poorer
quality. Shoulder and trunk impairments may also indirectly influence the reaching
performance. As they might influence the functioning of the upper limb, they can in turn affect
the reaching performance. In conclusion, the key element in reaching after stroke appeared
to be the upper limb functioning. Appropriate treatments for these dysfunctions should be

incorporated early in the process to maximize arm function recovery and reaching.

28



7. Reference list

Adams, H. P., Davis, P., Leira, E., Chang, K.-C., Bendixen, B., Clarke, W., Woolson, R., & Hansen, M. D. (1999).
Baseline NIH Stroke Scale score strongly predicts outcome after stroke: a report of the Trial of Org
10172 in Acute Stroke Treatment (TOAST). Neurology, 53(1), 126-126.

Agler, R., & De Boeck, P. (2017). On the Interpretation and Use of Mediation: Multiple Perspectives on
Mediation Analysis [Conceptual Analysis]. Frontiers in Psychology, 8(1984).
https://doi.org/10.3389/fpsyg.2017.01984

Allison, R., Shenton, L., Bamforth, K., Kilbride, C., & Richards, D. (2016). Incidence, Time Course and Predictors
of Impairments Relating to Caring for the Profoundly Affected arm After Stroke: A Systematic Review.
Physiother Res Int, 21(4), 210-227. https://doi.org/10.1002/pri.1634

Alt Murphy, M., Resteghini, C., Feys, P., & Lamers, I. (2015). An overview of systematic reviews on upper
extremity outcome measures after stroke. BMC Neurol, 15, 29. https://doi.org/10.1186/s12883-015-
0292-6

Alt Murphy, M., Willén, C., & Sunnerhagen, K. S. (2011). Kinematic variables quantifying upper-extremity
performance after stroke during reaching and drinking from a glass. Neurorehabil Neural Repair, 25(1),
71-80. https://doi.org/10.1177/1545968310370748

Amaral, J. F., Mancini, M., & Novo Junior, J. M. (2012). Comparison of three hand dynamometers in relation to
the accuracy and precision of the measurements. Rev Bras Fisioter, 16(3), 216-224.
https://doi.org/10.1590/s1413-35552012000300007

Anemaet, W. (2002). Using Standardized Measures to Meet the Challenge of Stroke Assessment. Topics in
Geriatric Rehabilitation, 18, 47-62. https://doi.org/10.1097/00013614-200212000-00006

Ashworth, B. (1964). PRELIMINARY TRIAL OF CARISOPRODOL IN MULTIPLE SCLEROSIS. Practitioner, 192, 540-
542.

Barnes, M. P. (2003). Principles of neurological rehabilitation. J Neurol Neurosurg Psychiatry, 74 Supp! 4(Suppl
4), iv3-iv7. https://doi.org/10.1136/jnnp.74.suppl 4.iv3

Beebe, J. A., & Lang, C. E. (2008). Absence of a proximal to distal gradient of motor deficits in the upper
extremity early after stroke. Clin Neurophysiol, 119(9), 2074-2085.
https://doi.org/10.1016/j.clinph.2008.04.293

Bernstein, N. A. (1967). The co-ordination and regulation of movements.

Bertolote, J. M., Dua, T., Janca, A., Muscetta, A., Saraceno, B., & Saxena, S. (Eds.). (2006). Chapter 4.
Conclusions and recommendations. World Health Organization.
https://www.who.int/mental health/neurology/neurological disorders report web.pdf.

Bohannon, R. W., & Smith, M. B. (1987). Interrater reliability of a modified Ashworth scale of muscle spasticity.
Phys Ther, 67(2), 206-207. https://doi.org/10.1093/ptj/67.2.206

Borschmann, K. N., & Hayward, K. S. (2020). Recovery of upper limb function is greatest early after stroke but
does continue to improve during the chronic phase: a two-year, observational study. Physiotherapy,
107, 216-223. https://doi.org/10.1016/j.physio.2019.10.001

Brott, T., Adams, H. P., Jr., Olinger, C. P., Marler, J. R., Barsan, W. G., Biller, J., Spilker, J., Holleran, R., Eberle, R.,
Hertzberg, V., & et al. (1989). Measurements of acute cerebral infarction: a clinical examination scale.
Stroke, 20(7), 864-870. https://doi.org/10.1161/01.str.20.7.864

Brunnstrom, S. (1970). Movement therapy in hemiplegia. A neurophysiological approach, 113-122.
Carr, J. H.,, & Shepherd, R. B. (2011). Neurological Rehabilitation, 2e. Elsevier India.

Carroll, D. (1965). A QUANTITATIVE TEST OF UPPER EXTREMITY FUNCTION. J Chronic Dis, 18, 479-491.
https://doi.org/10.1016/0021-9681(65)90030-5

29


https://doi.org/10.3389/fpsyg.2017.01984
https://doi.org/10.1002/pri.1634
https://doi.org/10.1186/s12883-015-0292-6
https://doi.org/10.1186/s12883-015-0292-6
https://doi.org/10.1177/1545968310370748
https://doi.org/10.1590/s1413-35552012000300007
https://doi.org/10.1097/00013614-200212000-00006
https://doi.org/10.1136/jnnp.74.suppl_4.iv3
https://doi.org/10.1016/j.clinph.2008.04.293
https://www.who.int/mental_health/neurology/neurological_disorders_report_web.pdf
https://doi.org/10.1093/ptj/67.2.206
https://doi.org/10.1016/j.physio.2019.10.001
https://doi.org/10.1161/01.str.20.7.864
https://doi.org/10.1016/0021-9681(65)90030-5

Chen, C. C., & Bode, R. K. (2010). Psychometric validation of the Manual Ability Measure-36 (MAM-36) in
patients with neurologic and musculoskeletal disorders. Arch Phys Med Rehabil, 91(3), 414-420.
https://doi.org/10.1016/j.apmr.2009.11.012

Chen, C. C., Granger, C. V., Peimer, C. A., Moy, O. J., & Wald, S. (2005). Manual Ability Measure (MAM-16): a
preliminary report on a new patient-centred and task-oriented outcome measure of hand function. J
Hand Surg Br, 30(2), 207-216. https://doi.org/10.1016/j.jhsb.2004.12.005

Chen, C. C., Palmon, O., & Amini, D. (2014). Responsiveness of the Manual Ability Measure-36 (MAM-36):
changes in hand function using self-reported and clinician-rated assessments. Am J Occup Ther, 68(2),
187-193. https://doi.org/10.5014/ajot.2014.009258

Chen, H. M., Chen, C. C., Hsueh, I. P., Huang, S. L., & Hsieh, C. L. (2009). Test-retest reproducibility and smallest
real difference of 5 hand function tests in patients with stroke. Neurorehabil Neural Repair, 23(5), 435-
440. https://doi.org/10.1177/1545968308331146

Cirstea, M. C., & Levin, M. F. (2000). Compensatory strategies for reaching in stroke. Brain, 123 ( Pt 5), 940-953.

Cirstea, M. C., Mitnitski, A. B., Feldman, A. G., & Levin, M. F. (2003). Interjoint coordination dynamics during
reaching in stroke. Exp Brain Res, 151(3), 289-300. https://doi.org/10.1007/s00221-003-1438-0

Collaborators, G. N. (2019). Global, regional, and national burden of neurological disorders, 1990-2016: a
systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol, 18(5), 459-480.
https://doi.org/10.1016/s1474-4422(18)30499-x

Collen, F. M., Wade, D. T., & Bradshaw, C. M. (1990). Mobility after stroke: reliability of measures of
impairment and disability. Int Disabil Stud, 12(1), 6-9. https://doi.org/10.3109/03790799009166594

Collins, K. C., Kennedy, N. C., Clark, A., & Pomeroy, V. M. (2018). Kinematic Components of the Reach-to-Target
Movement After Stroke for Focused Rehabilitation Interventions: Systematic Review and Meta-
Analysis. Front Neurol, 9, 472. https://doi.org/10.3389/fneur.2018.00472

De Baets, L., Jaspers, E., & Van Deun, S. (2016). Scapulohumeral control after stroke: A preliminary study of the
test-retest reliability and discriminative validity of a clinical scapular protocol (ClinScaP).
NeuroRehabilitation, 38(4), 359-370. https://doi.org/10.3233/nre-161327

Desrosiers, J., Bravo, G., Hebert, R., & Dutil, E. (1995). Normative data for grip strength of elderly men and
women. American Journal of Occupational Therapy, 49(7), 637-644.

Feigin, V. L., Forouzanfar, M. H., Krishnamurthi, R., Mensah, G. A., Connor, M., Bennett, D. A., Moran, A. E.,
Sacco, R. L., Anderson, L., Truelsen, T., O'Donnell, M., Venketasubramanian, N., Barker-Collo, S., Lawes,
C. M., Wang, W., Shinohara, Y., Witt, E., Ezzati, M., Naghavi, M., & Murray, C. (2014). Global and
regional burden of stroke during 1990-2010: findings from the Global Burden of Disease Study 2010.
Lancet, 383(9913), 245-254. https://doi.org/10.1016/s0140-6736(13)61953-4

Fischer, J. S., Jak, A. J., Kniker, J. E., Rudick, R. A., & Cutter, G. (2001). Multiple Sclerosis Functional Composite
(MSFC), Administration and Scoring Manual. National Multiple Sclerosis Society.
https://www.nationalmssociety.org/nationalmssociety/media/msnationalfiles/brochures/10-2-3-31-
msfc_manual and forms.pdf

Fugl-Meyer, A. R., Jaasko, L., Leyman, I., Olsson, S., & Steglind, S. (1975). The post-stroke hemiplegic patient. 1.
a method for evaluation of physical performance. Scand J Rehabil Med, 7(1), 13-31.

GBD 2016 Neurology Collaborators. (2019). Global, regional, and national burden of neurological disorders,
1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Neurol, 18(5),
459-480. https://doi.org/10.1016/s1474-4422(18)30499-x

Gladstone, D. J., Danells, C. J., & Black, S. E. (2002). The fugl-meyer assessment of motor recovery after stroke:
a critical review of its measurement properties. Neurorehabil Neural Repair, 16(3), 232-240.
https://doi.org/10.1177/154596802401105171

Gregson, J. M., Leathley, M., Moore, A. P, Sharma, A. K., Smith, T. L., & Watkins, C. L. (1999). Reliability of the
Tone Assessment Scale and the modified Ashworth scale as clinical tools for assessing poststroke
spasticity. Arch Phys Med Rehabil, 80(9), 1013-1016. https://doi.org/10.1016/s0003-9993(99)90053-9

30


https://doi.org/10.1016/j.apmr.2009.11.012
https://doi.org/10.1016/j.jhsb.2004.12.005
https://doi.org/10.5014/ajot.2014.009258
https://doi.org/10.1177/1545968308331146
https://doi.org/10.1007/s00221-003-1438-0
https://doi.org/10.1016/s1474-4422(18)30499-x
https://doi.org/10.3109/03790799009166594
https://doi.org/10.3389/fneur.2018.00472
https://doi.org/10.3233/nre-161327
https://doi.org/10.1016/s0140-6736(13)61953-4
https://www.nationalmssociety.org/nationalmssociety/media/msnationalfiles/brochures/10-2-3-31-msfc_manual_and_forms.pdf
https://www.nationalmssociety.org/nationalmssociety/media/msnationalfiles/brochures/10-2-3-31-msfc_manual_and_forms.pdf
https://doi.org/10.1016/s1474-4422(18)30499-x
https://doi.org/10.1177/154596802401105171
https://doi.org/10.1016/s0003-9993(99)90053-9

Hankey, G. J. (2017). Stroke. Lancet, 389(10069), 641-654. https://doi.org/10.1016/s0140-6736(16)30962-x

Hankey, G. J., & Blacker, D. J. (2015). Is it a stroke? Bmyj, 350, h56. https://doi.org/10.1136/bmj.h56

Hatem, S. M., Saussez, G., Della Faille, M., Prist, V., Zhang, X., Dispa, D., & Bleyenheuft, Y. (2016). Rehabilitation
of Motor Function after Stroke: A Multiple Systematic Review Focused on Techniques to Stimulate
Upper Extremity Recovery. Front Hum Neurosci, 10, 442. https://doi.org/10.3389/fnhum.2016.00442

Kaminski, T. R., Bock, C., & Gentile, A. M. (1995). The coordination between trunk and arm motion during
pointing movements. Exp Brain Res, 106(3), 457-466. https://doi.org/10.1007/bf00231068

Kapandji, I. (1981). The upper limb as logistical support for the hand. The hand, 1, 94-106.

Kellor, M., Frost, J., Silberberg, N., Iversen, I., & Cummings, R. (1971). Hand strength and dexterity. Am J Occup
Ther, 25(2), 77-83.

Kelso, J. A., Buchanan, J. J., & Wallace, S. A. (1991). Order parameters for the neural organization of single,
multijoint limb movement patterns. Exp Brain Res, 85(2), 432-444.
https://doi.org/10.1007/bf00229420

Kong, K. H., & Ratha Krishnan, R. (2021). Truncal impairment after stroke: clinical correlates, outcome and
impact on ambulatory and functional outcomes after rehabilitation. Singapore Med J, 62(2), 87-91.
https://doi.org/10.11622/smedj.2019153

Kwah, L. K., & Diong, J. (2014). National Institutes of Health Stroke Scale (NIHSS). J Physiother, 60(1), 61.
https://doi.org/10.1016/j.jphys.2013.12.012

Kwakkel, G., Kollen, B. J., van der Grond, J., & Prevo, A. J. (2003). Probability of regaining dexterity in the flaccid
upper limb: impact of severity of paresis and time since onset in acute stroke. Stroke, 34(9), 2181-
2186. https://doi.org/10.1161/01.5tr.0000087172.16305.Cd

Kwakkel, G., Lannin, N. A., Borschmann, K., English, C., Ali, M., Churilov, L., Saposnik, G., Winstein, C., van
Wegen, E. E., Wolf, S. L., Krakauer, J. W., & Bernhardt, J. (2017). Standardized measurement of
sensorimotor recovery in stroke trials: Consensus-based core recommendations from the Stroke
Recovery and Rehabilitation Roundtable. Int J Stroke, 12(5), 451-461.
https://doi.org/10.1177/1747493017711813

Lang, C. E., & Beebe, J. A. (2007). Relating movement control at 9 upper extremity segments to loss of hand
function in people with chronic hemiparesis. Neurorehabil Neural Repair, 21(3), 279-291.
https://doi.org/10.1177/1545968306296964

Langhorne, P., Coupar, F., & Pollock, A. (2009). Motor recovery after stroke: a systematic review. Lancet Neurol,
8(8), 741-754. https://doi.org/10.1016/s1474-4422(09)70150-4

Levin, M. F., Desrosiers, J., Beauchemin, D., Bergeron, N., & Rochette, A. (2004). Development and validation of
a scale for rating motor compensations used for reaching in patients with hemiparesis: the reaching
performance scale. Phys Ther, 84(1), 8-22.

Levin, M. F., Hiengkaew, V., Nilanont, Y., Cheung, D., Dai, D., Shaw, J., Bayley, M., & Saposnik, G. (2019).
Relationship Between Clinical Measures of Upper Limb Movement Quality and Activity Poststroke.
Neurorehabil Neural Repair, 33(6), 432-441. https://doi.org/10.1177/1545968319847969

Levin, M. F., Liebermann, D. G., Parmet, Y., & Berman, S. (2016). Compensatory Versus Noncompensatory
Shoulder Movements Used for Reaching in Stroke. Neurorehabil Neural Repair, 30(7), 635-646.
https://doi.org/10.1177/1545968315613863

Levin, M. F., Michaelsen, S. M., Cirstea, C. M., & Roby-Brami, A. (2002). Use of the trunk for reaching targets
placed within and beyond the reach in adult hemiparesis. Exp Brain Res, 143(2), 171-180.
https://doi.org/10.1007/s00221-001-0976-6

Lin, K. C., Chuang, L. L., Wu, C. Y., Hsieh, Y. W., & Chang, W. Y. (2010). Responsiveness and validity of three
dexterous function measures in stroke rehabilitation. J Rehabil Res Dev, 47(6), 563-571.
https://doi.org/10.1682/jrrd.2009.09.0155

31


https://doi.org/10.1016/s0140-6736(16)30962-x
https://doi.org/10.1136/bmj.h56
https://doi.org/10.3389/fnhum.2016.00442
https://doi.org/10.1007/bf00231068
https://doi.org/10.1007/bf00229420
https://doi.org/10.11622/smedj.2019153
https://doi.org/10.1016/j.jphys.2013.12.012
https://doi.org/10.1161/01.Str.0000087172.16305.Cd
https://doi.org/10.1177/1747493017711813
https://doi.org/10.1177/1545968306296964
https://doi.org/10.1016/s1474-4422(09)70150-4
https://doi.org/10.1177/1545968319847969
https://doi.org/10.1177/1545968315613863
https://doi.org/10.1007/s00221-001-0976-6
https://doi.org/10.1682/jrrd.2009.09.0155

Liu, W., McCombe Waller, S., Kepple, T. M., & Whitall, J. (2013). Compensatory arm reaching strategies after
stroke: induced position analysis. J Rehabil Res Dev, 50(1), 71-84.
https://doi.org/10.1682/jrrd.2011.04.0074

Lyle, R. C. (1981). A performance test for assessment of upper limb function in physical rehabilitation treatment
and research. Int J Rehabil Res, 4(4), 483-492. https://doi.org/10.1097/00004356-198112000-00001

Ma, H. L., Lin, K. C., Hsieh, F. H., Chen, C. L., Tang, S. F., & Wu, C. Y. (2017). Kinematic Manifestation of Arm-
Trunk Performance during Symmetric Bilateral Reaching After Stroke: Within vs. Beyond Arm's Length.
Am J Phys Med Rehabil, 96(3), 146-151. https://doi.org/10.1097/phm.0000000000000554

Ma, S., & Feldman, A. G. (1995). Two functionally different synergies during arm reaching movements involving
the trunk. J Neurophysiol, 73(5), 2120-2122. https://doi.org/10.1152/jn.1995.73.5.2120

Mandon, L., Boudarham, J., Robertson, J., Bensmail, D., Roche, N., & Roby-Brami, A. (2016). Faster Reaching in
Chronic Spastic Stroke Patients Comes at the Expense of Arm-Trunk Coordination. Neurorehabil Neural
Repair, 30(3), 209-220. https://doi.org/10.1177/1545968315591704

Massie, C. L., Fritz, S., & Malcolm, M. P. (2011). Elbow extension predicts motor impairment and performance
after stroke. Rehabil Res Pract, 2011, 381978. https://doi.org/10.1155/2011/381978

Mathiowetz, V., Volland, G., Kashman, N., & Weber, K. (1985). Adult norms for the Box and Block Test of
manual dexterity. Am J Occup Ther, 39(6), 386-391. https://doi.org/10.5014/ajot.39.6.386

Meyer, S., Karttunen, A. H., Thijs, V., Feys, H., & Verheyden, G. (2014). How do somatosensory deficits in the
arm and hand relate to upper limb impairment, activity, and participation problems after stroke? A
systematic review. Phys Ther, 94(9), 1220-1231. https://doi.org/10.2522/ptj.20130271

Michaelsen, S. M., Dannenbaum, R., & Levin, M. F. (2006). Task-specific training with trunk restraint on arm
recovery in stroke: randomized control trial. Stroke, 37(1), 186-192.
https://doi.org/10.1161/01.STR.0000196940.20446.c9

Michaelsen, S. M., Jacobs, S., Roby-Brami, A., & Levin, M. F. (2004). Compensation for distal impairments of
grasping in adults with hemiparesis. Exp Brain Res, 157(2), 162-173. https://doi.org/10.1007/s00221-
004-1829-x

Michaelsen, S. M., Luta, A., Roby-Brami, A., & Levin, M. F. (2001). Effect of trunk restraint on the recovery of
reaching movements in hemiparetic patients. Stroke, 32(8), 1875-1883.
https://doi.org/10.1161/01.str.32.8.1875

Mussa Ivaldi, F. A., Morasso, P., & Zaccaria, R. (1988). Kinematic networks. A distributed model for representing
and regularizing motor redundancy. Biol Cybern, 60(1), 1-16. https://doi.org/10.1007/bf00205967

O’Sullivan, S. B., Schmitz, T. J., & Fulk, G. D. (2014). Physical Rehabilitation (6th ed.). F.A. Davis Company.

Oldfield, R. C. (1971). The assessment and analysis of handedness: the Edinburgh inventory. Neuropsychologia,
9(1),97-113. https://doi.org/10.1016/0028-3932(71)90067-4

Perry, J., Garrett, M., Gronley, J. K., & Mulroy, S. J. (1995). Classification of walking handicap in the stroke
population. Stroke, 26(6), 982-989. https://doi.org/10.1161/01.str.26.6.982

Platz, T., Pinkowski, C., van Wijck, F., & Johnson, G. (2005). Arm. Arm Rehabilitation Measurement. Manual for
Performance and Scoring of the Fugl-Meyer Test (Arm Section), Action Research Arm Test, and the Box-
and-Block Test. Deutscher Wissenschafts-Verlag.

Platz, T., Pinkowski, C., van Wijck, F., Kim, I. H., di Bella, P., & Johnson, G. (2005). Reliability and validity of arm
function assessment with standardized guidelines for the Fugl-Meyer Test, Action Research Arm Test
and Box and Block Test: a multicentre study. Clin Rehabil, 19(4), 404-411.
https://doi.org/10.1191/0269215505cr8320a

Pohl, J,, Held, J. P. O., Verheyden, G., Alt Murphy, M., Engelter, S., FlGel, A., Keller, T., Kwakkel, G., Nef, T.,
Ward, N., Luft, A. R., & Veerbeek, J. M. (2020). Consensus-Based Core Set of Outcome Measures for
Clinical Motor Rehabilitation After Stroke-A Delphi Study. Front Neurol, 11, 875.
https://doi.org/10.3389/fneur.2020.00875

32


https://doi.org/10.1682/jrrd.2011.04.0074
https://doi.org/10.1097/00004356-198112000-00001
https://doi.org/10.1097/phm.0000000000000554
https://doi.org/10.1152/jn.1995.73.5.2120
https://doi.org/10.1177/1545968315591704
https://doi.org/10.1155/2011/381978
https://doi.org/10.5014/ajot.39.6.386
https://doi.org/10.2522/ptj.20130271
https://doi.org/10.1161/01.STR.0000196940.20446.c9
https://doi.org/10.1007/s00221-004-1829-x
https://doi.org/10.1007/s00221-004-1829-x
https://doi.org/10.1161/01.str.32.8.1875
https://doi.org/10.1007/bf00205967
https://doi.org/10.1016/0028-3932(71)90067-4
https://doi.org/10.1161/01.str.26.6.982
https://doi.org/10.1191/0269215505cr832oa
https://doi.org/10.3389/fneur.2020.00875

Raghavan, P. (2015). Upper Limb Motor Impairment After Stroke. Phys Med Rehabil Clin N Am, 26(4), 599-610.
https://doi.org/10.1016/j.pmr.2015.06.008

Rankin, J. (1957). Cerebral vascular accidents in patients over the age of 60. Il. Prognosis. Scott Med J, 2(5), 200-
215. https://doi.org/10.1177/003693305700200504

Sacco, R. L., Kasner, S. E., Broderick, J. P., Caplan, L. R., Connors, J. J., Culebras, A,, Elkind, M. S., George, M. G.,
Hamdan, A. D., Higashida, R. T., Hoh, B. L., Janis, L. S., Kase, C. S., Kleindorfer, D. O., Lee, J. M.,
Moseley, M. E., Peterson, E. D., Turan, T. N., Valderrama, A. L., & Vinters, H. V. (2013). An updated
definition of stroke for the 21st century: a statement for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke, 44(7), 2064-2089.
https://doi.org/10.1161/STR.0b013e318296aeca

Salter, K., Campbell, N., Richardson, M., Mehta, S., Jutai, J., Zettler, L., Moses, M., McClure, A., Mays, R., Foley,
N., & Teasell, R. (Eds.). (2013). Chapter 20: Outcome Measures in Stroke Rehabilitation. Evidence-
Based Review of Stroke Rehabilitation. http://www.ebrsr.com/evidence-review/20-outcome-
measures-stroke-rehabilitation.

Santos, G. L., Russo, T. L., Nieuwenhuys, A., Monari, D., & Desloovere, K. (2018). Kinematic Analysis of a
Drinking Task in Chronic Hemiparetic Patients Using Features Analysis and Statistical Parametric
Mapping. Arch Phys Med Rehabil, 99(3), 501-511.e504. https://doi.org/10.1016/j.apmr.2017.08.479

Schaubert, K. L., & Bohannon, R. W. (2005). Reliability and validity of three strength measures obtained from
community-dwelling elderly persons. J Strength Cond Res, 19(3), 717-720. https://doi.org/10.1519/r-
15954.1

Schwarz, A., Veerbeek, J. M., Held, J. P. O., Buurke, J. H., & Luft, A. R. (2020). Measures of Interjoint
Coordination Post-stroke Across Different Upper Limb Movement Tasks. Front Bioeng Biotechnol, 8,
620805. https://doi.org/10.3389/fbioe.2020.620805

See, J., Dodakian, L., Chou, C., Chan, V., McKenzie, A., Reinkensmeyer, D. J., & Cramer, S. C. (2013). A
standardized approach to the Fugl-Meyer assessment and its implications for clinical trials.
Neurorehabil Neural Repair, 27(8), 732-741. https://doi.org/10.1177/1545968313491000

Shaikh, T., Goussev, V., Feldman, A. G., & Levin, M. F. (2014). Arm-trunk coordination for beyond-the-reach
movements in adults with stroke. Neurorehabil Neural Repair, 28(4), 355-366.
https://doi.org/10.1177/1545968313510973

Shumway-Cook, A., & Woollacott, M. H. (2007). Motor control: translating research into clinical practice.
Lippincott Williams & Wilkins.

Subramanian, S. K., Yamanaka, J., Chilingaryan, G., & Levin, M. F. (2010). Validity of movement pattern
kinematics as measures of arm motor impairment poststroke. Stroke, 41(10), 2303-2308.
https://doi.org/10.1161/strokeaha.110.593368

Tomita, Y., Rodrigues, M. R. M., & Levin, M. F. (2017). Upper Limb Coordination in Individuals With Stroke:
Poorly Defined and Poorly Quantified. Neurorehabil Neural Repair, 31(10-11), 885-897.
https://doi.org/10.1177/1545968317739998

Twitchell, T. E. (1951). The restoration of motor function following hemiplegia in man. Brain, 74(4), 443-480.

van der Lee, J. H., Beckerman, H., Knol, D. L., de Vet, H. C., & Bouter, L. M. (2004). Clinimetric properties of the
motor activity log for the assessment of arm use in hemiparetic patients. Stroke, 35(6), 1410-1414.
https://doi.org/10.1161/01.STR.0000126900.24964.7¢

van Swieten, J. C,, Koudstaal, P. J., Visser, M. C., Schouten, H. J., & van Gijn, J. (1988). Interobserver agreement
for the assessment of handicap in stroke patients. Stroke, 19(5), 604-607.
https://doi.org/10.1161/01.str.19.5.604

Verheyden, G., & Kersten, P. (2010). Investigating the internal validity of the Trunk Impairment Scale (TIS) using
Rasch analysis: the TIS 2.0. Disabil Rehabil, 32(25), 2127-2137.
https://doi.org/10.3109/09638288.2010.483038

33


https://doi.org/10.1016/j.pmr.2015.06.008
https://doi.org/10.1177/003693305700200504
https://doi.org/10.1161/STR.0b013e318296aeca
http://www.ebrsr.com/evidence-review/20-outcome-measures-stroke-rehabilitation
http://www.ebrsr.com/evidence-review/20-outcome-measures-stroke-rehabilitation
https://doi.org/10.1016/j.apmr.2017.08.479
https://doi.org/10.1519/r-15954.1
https://doi.org/10.1519/r-15954.1
https://doi.org/10.3389/fbioe.2020.620805
https://doi.org/10.1177/1545968313491000
https://doi.org/10.1177/1545968313510973
https://doi.org/10.1161/strokeaha.110.593368
https://doi.org/10.1177/1545968317739998
https://doi.org/10.1161/01.STR.0000126900.24964.7e
https://doi.org/10.1161/01.str.19.5.604
https://doi.org/10.3109/09638288.2010.483038

Verheyden, G., Nieuwboer, A., De Wit, L., Thijs, V., Dobbelaere, J., Devos, H., Severijns, D., Vanbeveren, S., & De
Weerdt, W. (2008). Time course of trunk, arm, leg, and functional recovery after ischemic stroke.
Neurorehabil Neural Repair, 22(2), 173-179. https://doi.org/10.1177/1545968307305456

Verheyden, G., Nieuwboer, A., Feys, H., Thijs, V., Vaes, K., & De Weerdt, W. (2005). Discriminant ability of the
Trunk Impairment Scale: A comparison between stroke patients and healthy individuals. Disabil
Rehabil, 27(17), 1023-1028. https://doi.org/10.1080/09638280500052872

Verheyden, G., Nieuwboer, A., Mertin, J., Preger, R., Kiekens, C., & De Weerdt, W. (2004). The Trunk
Impairment Scale: a new tool to measure motor impairment of the trunk after stroke. Clin Rehabil,
18(3), 326-334. https://doi.org/10.1191/0269215504cr7330a

Verheyden, G., Nieuwboer, A., Van de Winckel, A., & De Weerdt, W. (2007). Clinical tools to measure trunk
performance after stroke: a systematic review of the literature. Clin Rehabil, 21(5), 387-394.
https://doi.org/10.1177/0269215507074055

Verheyden, G., Vereeck, L., Truijen, S., Troch, M., Herregodts, I., Lafosse, C., Nieuwboer, A., & De Weerdt, W.
(2006). Trunk performance after stroke and the relationship with balance, gait and functional ability.
Clin Rehabil, 20(5), 451-458. https://doi.org/10.1191/0269215505cr9550a

World Health Organization. (2020). Rehabilitation. https://www.who.int/news-room/fact-
sheets/detail/rehabilitation

Woytowicz, E. J., Rietschel, J. C., Goodman, R. N., Conroy, S. S., Sorkin, J. D., Whitall, J., & McCombe Waller, S.
(2017). Determining Levels of Upper Extremity Movement Impairment by Applying a Cluster Analysis
to the Fugl-Meyer Assessment of the Upper Extremity in Chronic Stroke. Arch Phys Med Rehabil, 98(3),
456-462. https://doi.org/10.1016/j.apmr.2016.06.023

Zackowski, K. M., Dromerick, A. W., Sahrmann, S. A., Thach, W. T., & Bastian, A. J. (2004). How do strength,
sensation, spasticity and joint individuation relate to the reaching deficits of people with chronic
hemiparesis? Brain, 127(Pt 5), 1035-1046. https://doi.org/10.1093/brain/awh116

34


https://doi.org/10.1177/1545968307305456
https://doi.org/10.1080/09638280500052872
https://doi.org/10.1191/0269215504cr733oa
https://doi.org/10.1177/0269215507074055
https://doi.org/10.1191/0269215505cr955oa
https://www.who.int/news-room/fact-sheets/detail/rehabilitation
https://www.who.int/news-room/fact-sheets/detail/rehabilitation
https://doi.org/10.1016/j.apmr.2016.06.023
https://doi.org/10.1093/brain/awh116

8. Appendix

Table 1 — Sum of scores subitems RPS-Close and RPS-Far

0 1 2 3

RPS-Close

C-TD 1 1 5 26
C-MS 1 5 12 15
C-SL 1 3 7 22
C-EM 5 2 3 23
C-PR 1 5 7 20
C-GS 1 2 12 18
RPS-Far

F-TD 1 3 10 19
F-MS 1 7 9 16
F-SM 1 5 9 18
F-EM 2 5 5 21
F-PR 2 6 6 19
F-GS 1 4 11 17

Abbreviations: RPS-Close, Reaching Performance Scale Close Target; RPS-Far,
Reaching Performance Scale Far Target; TD, Trunk Displacement; MS,

Movement Smoothness; SM, Shoulder Movements; EM, Elbow Movements;

PR, Prehension; GS, Global Score.

Table 2 — Mediation analyses

astan p b stan p ¢’ stan p Sobel R? Adj R?
Model 1| 0.488 0.004** 0.0242 0.228 0.154 0.441 N/A 0.118 0.059
Model 2| 0.547 0.001**  0.651 0.001** -0.085  0.627  0.009** 0.371 0.329
Model 3| 0.555 0.001**  0.620 0.001** -0.028 0.874 0.01** 0.366 0.324
Model 4| 0.488 0.004**  0.403 0.034* 0.160 0.385 0.06*  0.250 0.200
Model 5| 0.547 0.001** 0.727 <0.001** -0.042 0.790 0.004** 0.497 0.463
Model 6| 0.555 0.001** 0.632 <0.001**  0.130 0.407 0.005** 0.507 0.474
Model 7| 0.488 0.004**  0.327 0.093 0.163 0.394 N/A 0.186 0.132
Model 8| 0.547 0.001** 0.702 <0.001** -0.061 0.707 0.005** 0.299 0.277
Model 9| 0.555 0.001** 0.640 <0.001**  0.052 0.753  0.006** 0.449 0.412

Abbreviations: A stan, a standardized; b stan, b standardized; ¢’ stan, ¢’ standardized; R?, R square; Adj R?,

adjusted R Square.

*p<0.05; ** p<0.01
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