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Immediate Effect of Repetitive Peripheral Magnetic Stimulation
in Hemiplegic Patients with Arm Paresis: A Pilot Study
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ABSTRACT

Objectives: To compare the immediate effects of repetitive
peripheral magnetic stimulation (rPMS) on upper extremity (UE)
function of hemiplegic patients with different severity.

Study design: Experimental pilot study.

Setting: Rehabilitation Center at Ramathibodi Hospital, Mahidol
University, Thailand.

Subjects: Thirteen participants (10 males and 3 females) with
subacute to chronic UE paresis due to central nervous system
lesion.

Methods: Each subject received one session of 12 minutes
rPMS equally distributed over six hemiparetic shoulder-arm
muscles (supraspinatus, infraspinatus, deltoid, biceps, triceps
and pectoralis major). The train of stimulation was delivered to
the affected arm with a figure eight coil at approximately 120%
intensity of motor threshold at 20 Hz frequency in pulses of 4
seconds on alternating with 4 seconds of rest. Motor functions
were assessed with upper extremity Fugl-Meyer motor (UE-FMA)
scale, modified Ashworth Scale (MAS), and arm reach test (ART)
before and then again 5 minutes after the stimulation. Patients with
UE- FMA score of 16 or lower and those with score more than
16 were classified as more-severe and less-severe respectively.
Statistical analysis was made comparing the difference between
before and after of UE-FMA score, MAS, and ART of each group.
Results: The mean (SD) of UE-FMA score before and after
rPMS stimulation were 21.6 (10.5) and 23.3 (8.9), respectively.
Wilcoxon matched-pairs test confirmed that the results reached
statistical significance (p = 0.018). The median (Q1-Q3) UE-FMA
score before and after the stimulation in more-severe paresis
group were 12.5 (9.3 to 13.3) and 16.0 (11.8 to 17.3), respective-
ly. Wilcoxon matched-pairs test confirmed significant between
group statistical difference (p = 0.027). The median (Q1-Q3) of
UE-FMA score of the less-severe group before and after stimula-
tion were 32.0 (24.0 to 35.0) and 32.0 (25.0 to 35.0), respectively.
This difference has not reached significant level (p = 0.317).
Analysis of the MAS and the ART, however, did not show any
significances between groups.

Conclusion: The rPMS over six hemiparetic shoulder-arm mus-
cles could result in immediate improvement of motor function in

patients with severe upper extremity paresis, but not spasticity
or arm and reach test.
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Introduction

Arm paresis is a common problem, but currently available
treatments are not always satisfactory. Impaired upper
extremity motor function and spasticity are two of the most
common problems due to central nervous system pathologies.
These lead to limited activities daily living (ADLs), increased
pain symptom and poor quality of life.? Severe upper extremity
paresis is also one factor indicating poor prognosis for motor
recovery in stroke patients.2 Even though there are many
therapeutic interventions for rehabilitation of hemiparetic
upper extremity, the recovery of upper extremity after severe
stroke is in general less than satisfactory. Available supporting
evidence for non-pharmacological treatments for this popula-
tion were not strong."*®

Repetitive peripheral magnetic stimulation (rPMS) to
extremities is a novel therapy technique and may offer a new
hope for better recovery as evidence were shown to improve
motor recovery and to reduce spasticity.>¢® Unlike direct
electrical stimulation, magnetic pulses from rPMS could induce
electrical current flow in deep neuromuscular tissues without
stimulating the cutaneous nerve and receptors.®' For this
reason, it is possible to induce strong muscular contraction
painlessly.®'® During alternating cycles of muscle contraction
and relaxation numerous proprioceptive sensory receptors
such as the muscle spindles, Golgi tendon organs, and other
mechanoreceptors in the muscular and connective tissues
can be strongly activated.®' In addition to that, rPMS could
also directly generate action potentials in the afferent nerve
fibers. These two mechanisms combined, could generate
a massive flow of afferent to the central nervous system.®
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Previous research has shown that rPMS could modulate
frontoparietal cortical motor control network activation,'? in
which increased unilateral activation of supplementary motor
area (SMA), premotor cortex (PM), and parietal area (PA)
during hand movement were observed.

However, existing evidence to support effectiveness of
rPMS are still limited. Even though some studies had shown
reduction of spasticity and/or improved motor control after
rPMS in various groups of patients, the Cochrane review
in 2019 demonstrated little evidence for the use of rPMS in
stroke rehabilitation, probably due to small number of high
quality research with more subjects, inhomogeneity of popu-
lation, and differences of stimulation parameters among the
rPMS studies might be another factor that diluted the positive
outcome of treatment such as spasticity reduction or improve-
ment of motor control.®

A new and different stimulation protocol may improve the
effectiveness of rPMS. Recovery of motor function tends to
follow stereotypical stages as described by Brunnstorm and
Twitchell that recovery of proximal muscle tends to precede
distal control.” In addition, flexor and extensor synergies
precede movement of synergistic pattern.'® Despite of these
facts, all rPMS studies of hemiplegic patients, which were
included in the Cochrane reviews delivered magnetic stimu-
lation only to wrist and/or hand muscles”™' except for one
single case experimental study which explored effects of
EMG triggered rPMS to flexors and extensor muscles of the
affected forearm and upper arm.' For these reasons, these
authors postulated that a rPMS protocol which treated all
major shoulder and arm muscle groups within one treatment
session, might be a more effective way to induce upper
extremity motor recovery of stroke patients.

Therefore, the primary objective of this study was to
compare the immediate effect of a novel protocol of rPMS in
patients with subacute to chronic hemiparesis. The secondary
objective was to evaluate correlation between upper extremity
Fugl-Meyer motor (UE-FMA) score improvement after rPMS,
change of spasticity, and change of arm reach test.

Methods

The study was approved by the Ethics Committee on
Human Rights Related to Research Involving Human
Subjects, Faculty of Medicine Ramathibodi hospital, Mahidol
University (approval number: 2014/324).

Participants

Patients with hemiparesis from various causes at the
Department of Rehabilitation Medicine, Ramathibodi Hospital
who gave informed consent and met the following inclusion-
exclusion criteria.

Inclusion criteria

- Hemiparetic upper extremity of any severity due to a
central nervous system lesion for at least 6 weeks prior to the
study

- Stabilized neurological conditions for 6 weeks

- Stable medical conditions

Exclusion criteria

- On pacemaker or metal implanted devices around the
stimulation area including chest region.

- History of seizure.

- Unstable fractures of the paretic upper extremity.

- Poor communication and co-operation.

- Received chemodenervation, or adjustment of anti-
spastic medication dosage within 3 months prior to the stimu-
lation date.

- Limited active shoulder motion due to pain.

The rPMS protocol

The participants were seated in a chair. They were
instructed to relax and not try to initiate or imagine any spe-
cific movement of the limbs during the stimulation. A motor
threshold of each muscle or the lowest magnetic pulse intensi-
ty which induced a visible muscle contraction was separately
identified for supraspinatus, infraspinatus, deltoid, biceps
brachii, triceps brachii and pectoralis major muscles. In order
to save time and reduce unnecessary maneuvering of the
stimulation coil, and to stimulate wide area of the muscles as
possible, a specific stimulation protocol was designed. The
stimulating magnetic coil was alternately placed and moved
slowly along three paths over the affected arm (Figure 1).

The first sweeping path started from medial to lateral
part of pectoralis major, and then continued distally along
the biceps muscle group (Figure 1A). The second path ran
along the length of supraspinatus muscles above the spine
of scapular, from the medial part just lateral to the medial
border of scapular toward the acromial process, and then
further down along the length of either lateral, anterior, or
posterior deltoid muscles until the insertion point of deltoid
muscles on the humerus (Figure 1B). The last sweeping
path went along infraspinatus muscles, starting from a
point just lateral to the medial border of scapula toward the
posterior axillary line, and then down along the triceps
muscles toward the olecranon (Figure 1C).

Magnetic pulse was generated with a Neuro MS/D model
Magnetic Stimulation which were manufactured by Neurosoft,
Ivanovo, Russia 2020. A figure eight magnetic coil model
FEC-02-100-C with liquid cooling system was used for all
stimulations. The stimulation was delivered at 20 Hz frequency
with 4 seconds pulse width and 4 second pause in between
(Figure 2). Intensity of stimulation was arbitrarily set at 120%
intensity of motor threshold level, to prevent loss of muscle
contraction in case a slight change of coil orientation or
distance from skin surface during stimulation. Since two
muscles were stimulated within the same sweep, the motor
threshold was determined from the higher value between
each pair of muscles within each stimulation group.

The speed of stimulation coil movement was such that
each sweep be completed within approximately 6 seconds.
Once a sweep was completed, then the coil was placed back
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Figure 1. Three rPMS coil sweeping paths: A) pectoralis and biceps brachii, B) supraspinatus and deltoids, C) infraspinatus and triceps

brachii

to restart next sweep without a pause. This continued for 4
minutes. Then the intensity was adjusted, and stimulation
started again on the muscles of the next stimulation group.
Each subject received 2,400 pulses in approximately 12
minutes treatment time (Figure 2).

Assessment tools

To assess the effect of rPMS, each patient underwent two
assessments, before and immediately after the stimulation.

Assessment tools consisted of the motor part of upper
extremity Fugl-Meyer Assessment (UE-FMA),"®"" the modi-
fied Ashworth Scale (MAS),™ and the arm reach test (ART).
All assessments were done while the patients were in a
seated position.

The FMA is a valid and reliable measurement of motor
control impairment'®' which was designed according to
brunnstorm’s stage of motor recovery. For the purpose of this
study, we only used scores from the UE-FMA, which has a
highest possible maximum score of 66. A video recording of
each patient during UE-FMA was scored by a blind assessor
who was not aware which video was taken before or after
therapy. Each of the 33 test items would be scored 0, 1, or 2
in the case that the patient was, completely not able to show
the movement, partially do the movement, or show no impair-
ment respectively. The total UE-FMA score was calculated
from the sum of all test items.

The MAS is a valid and reliable tool for assessment of
spasticity.”®' In order to test biceps muscle spasticity, the
examiner, passively moves the elbow joint of the patient from
fully flexed position to full extension over one second. Next,
the elbow is brought from full extension to full flexion at the
same speed to test for extensor spasticity. Scores of 0 up to 4
were given according to the well-known MAS scoring criteria.

The ART is a novel test invented by Wongphaet P and
has been routinely used in the Rehabilitation Clinic at Ram-
athibodi Hospital as a tool for quick assessment of patient’s
ability to make upper extremity reaching motion free from
primitive synergistic motor patterns. At the beginning of
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the test, a helper passively places the patient's hand to the
patient’s own xiphoid process. A vertical support was then
applied to the patient’s forearm to keep the elbow and hand
at the same height as the patient’s xiphoid process, but no
assistance or resistance were given to the movement in
horizontal direction. The patient was then instructed to move
his’her hand as far as possible forward without help from
the opposite hand. The horizontal distance in millimeters or
centimeters from the xiphoid process to the most distal part
of the hand was then measured with a plastic measuring
tape. All these three assessments were carried out twice by
Sukhumvada T without any warm up. Average values were
calculated for further analysis. The data was recorded at one
decimal place.

Statistical analysis

The statistical analysis was performed using Minitab 19
and IBM SPSS Statistics Version 18. An alpha level of .05
was chosen for all analyses. Because of ordinal scale quality
of the outcome parameters, the Wilcoxon matched-pairs test
was used for the comparison of the UE-FMA and the MAS
scores before versus after stimulation. Spearman’s rank
correlation coefficient was applied for the analysis of cor-
relation between change of MAS score against change of
UE-FMA. Kendall tau-b was applied to calculate correlation
between change of ART score against change of UE-FMA.

Total stimulation time 12 minutes

i 4 second train of 20 Hz
—

4 second pause

Figure 2. The rPMS stimulation pattern



These correlation coefficients of the whole patient group
were calculated without separation between severity groups.

Results

Thirteen patients were included in the study. The clinical
and baseline characteristics of the patients were demon-
strated in Table 1.

Primary outcomes

The mean (SD) UE-FMA score before and after rPMS
stimulation were 21.6 (10.5) and 23.3 (8.9), respectively.
Wilcoxon matched-pairs test confirmed that the difference
of UE-FMA between before and immediately after treatment
reached statistical significance (p = 0.018). An additional
subgroup analysis was done in order to see if severity of arm
paresis impacted on responsiveness to therapy.

The median (Q1-Q3) UE-FMA score of the more-severe
group, before and after the stimulation was 1.5 (9.3 t0 13.3)
and 16.0 (11.8 to 17.2), respectively. Wilcoxon matched-
pairs test confirmed statistical significance at p value =0.027.
On the other hand, the median (Q1-Q3) UE-FMA score of
the less-severe group before and after stimulation was 32.0
(24.0 to 35.0) and 32.0 (25.0 to 35.0) respectively. This dif-
ference has not reached significant level (p = 0.317)

The increased UE-FMA score after stimulation was
exclusively from the shoulder and arm motor section. No
improvement of wrist, hand, or coordination sub section of FMA
was seen in any subject. Individual UE-FMA scores of each
subject before and after stimulation are shown in Figure 3.

The median (Q1-Q3) of MAS biceps and triceps muscles
change in the more-severe group after stimulation was 0.0
(-0.6 to 0.0) and 0.3 (-0.6 to 1.1) and change of in the less-
severe group was 0.0 (-5.0 to 5.0) and 0.0 (0.0 to 0.5). The

Table 1. Demographic data of all 13 participants

Age' (years) 54.23 (14)
Sex?
Male 10 (77)
Female 3(23)
Pathology
Stroke 11 (85)
Traumatic brain injury 1(8)
Progressive multifocal leukoencephalopathy 1(8)
Seakness
Right 5(38)
Left 8 (62)

Mean (SD), Znumber (%)

Secondary outcomes

The number of patients with unchanged, increased or
decreased MAS of biceps and triceps muscles are shown
in Table 2. Neither treatment nor severity group appeared
to correlate with change of MAS. Spearman’s correlation
coefficient showed no significant correlation between UE-FMA
change and MAS change of biceps and triceps muscles with
correlation coefficient -0.77 (p = 0.81) and 0.31 (p = 0.30),
respectively.

The difference of ART score showed no significant cor-
relation against change of UE-FMA of the whole group at
coefficient = 0.07 (p = 0.77). This lack of correlation can be
observed from the scatter plot in Figure 4.

Table 2. Numbers of patients with changes in modified Ashworth
Scale (MAS) scores of biceps and triceps muscles after stimulation

MAS change (before-after)
Decrease (n) Same (n) Increase (n)

Biceps brachii

Less severe’ 3 2 2
mean (SD) of ART change of the more-severe and the less- More severe® 0 4 2
severe groups after stimulation was 0.6 (5.9) cm and -1.1 Triceps brachii
(5.2) cm respectively. There was no statistically significant Less severe’ 2 4 1
difference between all these parameters. More severe® 3 1 2
Less severe More severe
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Figure 3. Individual UE-FMA scores of each subject before and after stimulation sorted according to initial FMA scores with the more severely

affected cases to the right side.
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Figure 4. Scatter plot between ART changes versus differences of UE-FMA after stimulation

Discussion

Intensive and variable neural afferent signals, which resulted
from this unique protocol of proximal upper extremity rPMS,
as described in this research, has a potential to be an effec-
tive facilitator of motor recovery. This is the first rPMS study
in hemiparetics, which specifically targets proximal upper
extremity muscles. The target of rPMS in this study involved
not only biceps and triceps muscles like many other previous
studies, but also larger numbers of proximal muscles such
as pectoralis major, supraspinatus and infraspinatus muscles
which were not typical targets of previous studies”!!2
Movement of magnetic coil during treatment is another im-
portant factor because it increased areas of muscle tissues
being stimulated. High intensity and variability of afferent in-
put generated through such a stimulation technique is likely
much greater than in other studies which stimulated only one
or two distal muscle groups without moving the magnetic coil.
This could possibly explain the immediate improvement of
UE-FMA scores after rPMS in the current study.

Despite the improved UE-FMA score, we have found neither
improvement of MAS nor ART. This finding is compatible
with a previous study, which showed no change of neuro-
physiological markers of spasticity such as H-reflex and
F-wave and Achilles tendon reflex after rPMS.2 We speculate
that improvement of FMA and spasticity after rPMS may indeed
be independent from each other.

Both UE-FMA and ART are measurements of motor
impairments. However, these measure different aspects of
upper extremity functions. The ART measures only the ability
to reach the arm forward away from the chest, which is con-
sidered a movement not within the primitive motor synergy
pattern. On the other hand, the UE-FMA measures all types
of motor patterns. Therefore, the lack of improvement in
ART score, despite the improved UE-FMA, suggests that the
improvement was likely due to increased ability to move within
the primitive motor synergy pattern. Patients gained higher
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UE-FMA score after rPMS, because they could make bigger
and more complete flexor synergy and extensor synergy
pattern after rPMS. None of them showed increased selec-
tive single joint motor control ability.

So, why did more severely hemiparetic patients respond
better to rPMS to proximal muscles than the less severe
patients? Motor evoked response to cortical TMS studies has
demonstrated that most, if not all of the hemiparetic patients
such as the more severe group in this study, sustained a total
loss of corticospinal tract on the affected side.?"? It is well
known that this structure is essential for recovery of mean-
ingful hand functions and perhaps as well as an ability to
perform segmented control of a single joint motion.% All the
observed increase of UE-FMA score after rPMS in this study
were exclusively from the change of proximal part, (shoulder

and arm) motor score. Therefore, the better recovery of
UE-FMA scores in the more severe group as found here
suggests that the improved function after rPMS may not
depend on corticospinal integrity.

In this study we classified patients by their severity ac-
cording to findings of a study of Woytowicz et al. which iden-
tified four distinctive subgroups among 247 subjects with
chronic stroke who share a common level of deficit severity
and a common residual motor pattern.?? The FM score range
of the groups were: severe (0-15), severe-moderate (6-34),
moderate-mild (35-53), and mild (54-66). When such 4-group
classification was used, no overlapping of severity group
which was assigned by cluster analysis and severity group
which was assigned according to UE-FMA score cut points
were observed. To avoid confusion with the more commonly
used three group classification, in which patients were sepa-
rated into mild, moderate and severe according to their UE-
FMA scores, the patients in this study were divided into two
groups based on the pre-stimulation Fugl-Meyer scores.
Those with score equal or more than 16, and those with
score less than 16 were classified as less-severe and more-
severe, respectively?



Even without active motor training, sensory stimulation
alone can induce long term potentiation (LTP) of the neuron
in the central nervous system.® Beauliu has proposed that
the massive repetitive non-nociceptive proprioceptive afferent
from movement related sensors could possibly facilitate
greater activation of existing motor related neuronal circuits in
recovering stroke patients.® We therefore, hypothesized that
increased activation of the non-affected hemisphere? and/
or subcortical motor centers®? are potential contributors
to motor recovery of proximal UE motor control in patients
with severe UE paresis in this study. This difference of
responsiveness to rPMS between the two severity groups,
may explain the mixed results of previous rPMS studies in
which analysis were not made separately for patients with
different severity of arm paresis.®

With limited number of subjects, only imprecise estima-
tion of effect can be expected. For example, a false-positive
or overestimation of association can be produced.”® There-
fore, firm conclusions cannot be made. To confirm the finding
of this small study with no control group, a future prospective
randomized controlled trial with adequate number of subjects
is needed. Such study should be designed to avoid mixture
of different diagnosis and severity of arm paresis among the
subjects. A longer treatment and follow up period should
also be considered, to study the long-term effects of rPMS in
a group of patients with a more homogenous diagnosis e.g.,
stroke only population.

Conclusion

An immediate effect of rPMS on proximal muscle group
could improve motor impairment of hemiparetic patients with
more severe upper extremity paresis but not in the less se-
vere group.

Disclosure

The authors declare no conflict of interest with any financial
organization regarding the material discussed in the manu-
script

Acknowledgement

We also would like to thank Mr. Nattawut Unwanatham,
statistician from Clinical Epidemiology and Biostatistics
Faculty of Medicine Ramathibodi Hospital for advices and
suggestion.

References

1. Lawrence ES, Coshall C, Dundas R, Stewart J, Rudd AG,
Howard R, et al. Estimates of the prevalence of acute stroke
impairments and disability in a multiethnic population.Stroke.
2001;32:1279-84.

2. Selzer M, Clarke S, Cohen L, Duncan P, Gage F. Textbook of
neural repair and rehabilitation, vol. 2. Cambridge: Cambridge
University Press; 2006.

-21-

10.

1.

12.

13.

14.

15.

16.

17.

. Krewer C, Hartl S, Miiller F, Koenig E. Effects of repetitive

peripheral magnetic stimulation on upper-limb spasticity and
impairment in patients with spastic hemiparesis: a randomized,
double-blind, sham-controlled study. Arch Phys Med Rehabil.
2014;95:1039-47.

. Hatem SM, Saussez G, Della Faille M, Prist V, Zhang X, Dispa

D, et al. Rehabilitation of motor function after stroke: A multiple
systematic review focused on techniques to stimulate upper
extremity recovery. Front Hum Neurosci. 2016;10:442. doi:
10.3389/fnhum.2016.00442.

. McArthur KS, Quinn TJ, Higgins P, Langhorne P. Post-acute

care and secondary prevention after ischaemic stroke. BMJ.
2011;342: d2083. doi:10.1136/bm|.d2083.

. Beaulieu LD, Schneider C. Effects of repetitive peripheral mag-

netic stimulation on normal or impaired motor control: a review.
Neurophysiol Clin. 2013;43:251-60.

. Struppler A, Havel P, Muller-Barna P. Facilitation of skilled fin-

ger movements by repetitive peripheral magnetic stimulation
(RPMS) - a new approach in central paresis. NeuroRehabilita-
tion. 2003; 18:69-82.

. Marz-Loose H, Siemes H. [Repetitive peripheral magnetic

stimulation. Treatment option for spasticity?]. Der Nervenarzt.
2009;80:1489-95.

. Sakai K, Yasufuku Y, Kamo T, Ota E, Momosaki R. Repeti-

tive peripheral magnetic stimulation for impairment and dis-
ability in people after stroke. Cochrane Database of Syst Rev
2019;11(11):Cd011968.

Flamand VH, Schneider C. Noninvasive and painless mag-
netic stimulation of nerves improved brain motor function and
mobility in a cerebral palsy case. Arch Phys Med Rehabil.
2014;95:1984-90.

Struppler A, Angerer B, Giindisch C, Havel P. Modulatory ef-
fect of repetitive peripheral magnetic stimulation on skeletal
muscle tone in healthy subjects: stabilization of the elbow joint.
Exp Brain Res. 2004;157:59-66.

Struppler A, Binkofski F, Angerer B, Bernhardt M, Spiegel
S, Drzezga A, et al. A fronto-parietal network is mediating
improvement of motor function related to repetitive periph-
eral magnetic stimulation: a PET-H2015 study. Neuroimage
2007;36 Suppl 2: T174-86.

Houwink A, Nijland RH, Geurts AC, Kwakkel G. Functional re-
covery of the paretic upper limb after stroke: who regains hand
capacity? Arch Phys Med Rehabil. 2013;94:839-44.

Havel P, Struppler A. First steps in functional magnetic stimu-
lation (FMS)-movements of forearm and fingers induced by
closed-loop controlled FMS. Acta Physiol Pharmacol Bulg.
2001;26:185-8.

Bernhardt M, Angerer B, Buss M, Struppler A. Neural observer
based spasticity quantification during therapeutic muscle stim-
ulation. Conf Proc IEEE Eng Med Biol Soc. 2006;2006:4897-
900. doi: 10.1109/IEMBS.2006.260122.

Gladstone DJ, Danells CJ, Black SE. The Fugl-Meyer as-
sessment of motor recovery after stroke: A critical review of
its measurement properties. Neurorehabil Neural Repair.
2002;16:232-40.

Kim H, Her J, Ko J, Park D-s, Woo J-H, You Y, et al. Reliability,
Concurrent validity, and responsiveness of the Fugl-Meyer
Assessment (FMA) for hemiplegic patients. J Phys Ther Sci.
2012; 24:893-9.

ASEAN J Rehabil Med. 2021; 31(1)



18.

19.

20.

21.

22.

23.

Gregson JM, Leathley M, Moore AP, Sharma AK, Smith TL,
Watkins CL. Reliability of the tone assessment scale and the
modified ashworth scale as clinical tools for assessing post-
stroke spasticity. Arch Phys Med Rehabil. 1999;80:1013-6.
Meseguer-Henarejos AB, Sanchez-Meca J, Lopez-Pina JA,
Carles-Hernandez R. Inter- and intra-rater reliability of the
Modified Ashworth Scale: A systematic review and meta-anal-
ysis. Eur J Phys Rehabil Med. 2018;54:576-90.

Woytowicz EJ, Rietschel JC, Goodman RN, Conroy SS, Sor-
kin JD, Whitall J, et al. Determining levels of upper extrem-
ity movement impairment by applying a cluster analysis to
the Fugl-Meyer Assessment of the upper extremity in chronic
stroke. Arch Phys Med Rehabil. 2017;98:456-62.

Amengual JL, Valero-Cabré A, de las Heras MV, Rojo N,
Froudist-Walsh S, Ripollés P, et al. A prognostic value of corti-
cally induced motor evoked activity by TMS in chronic stroke:
caveats from a revealing single clinical case. BMC Neurol.
2012;12:35. doi: 10.1186/1471-2377-12-35.

Stinear CM, Barber PA, Smale PR, Coxon JP, Fleming MK,
Byblow WD. Functional potential in chronic stroke patients
depends on corticospinal tract integrity. Brain. 2007;130(Pt 1):
170-80.

Perez MA, Cohen LG. The corticospinal system and tran-
scranial magnetic stimulation in stroke. Top Stroke Rehabil.

Formerly J Thai Rehabil Med

-22-

24.

25.

26.

21.

28.

29.

2009;16:254-69.

Potter-Baker KA, Varnerin NM, Cunningham DA, Roelle SM,
Sankarasubramanian V, Bonnett CE, et al. Influence of corti-
cospinal tracts from higher order motor cortices on recruitment
curve properties in stroke. Front Neurosci. 2016;10:79. doi:
10.3389/fnins. 2016.00079.

Buetefisch CM, Revill KP, Haut MW, Kowalski GM, Wisch-
newski M, Pifer M, et al. Abnormally reduced primary motor
cortex output is related to impaired hand function in chronic
stroke. J Neurophysiol. 2018;120:1680-94.

Bradnam LV, Stinear CM, Barber PA, Byblow WD. Contral-
esional hemisphere control of the proximal paretic upper limb
following stroke. Cereb cortex. 2012;22:2662-71.

Edwardson MA, Ding L, Park C, Lane CJ, Nelsen MA, Wolf
SL, et al. Reduced upper limb recovery in subcortical stroke
patients with small prior radiographic stroke. Front Neurol.
2019;10:454. doi: 10.3389/fneur.2019.00454.

Shelton FN, Reding MJ. Effect of lesion location on upper limb
motor recovery after stroke. Stroke. 2001;32:107-12.
Hackshaw A. Small studies: strengths and limitations. Eur
Respir J. 2008;32:1141-3.



