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Article 
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Abstract: Proprioceptive deficits accompanied with motor paresis after stroke, namely sensory ataxic motor 

paresis has a poorer prognosis of recovery than pure motor deficit. We aimed to investigate the effects of 

repetitive peripheral magnetic stimulation (rPMS) on sensory ataxic upper extremity (UE) paresis at acute 

stroke. Eighteen stroke participants with sensory ataxic UE paresis were randomized. rPMS group received 

five sessions of intervention per week, where 20 minutes of rPMS prior to 20 minutes of physical therapy (PT) 

every other day, alternating with 40 minutes of PT. The control group received five sessions of 40 minutes of 

PT/week. Outcome measures were Wolf motor function test (WMFT), UE motor section of Fugl-Meyer Motor 

Assessment Scale (FMA-UE), and Thumb localizing test (TLT). All assessments were compared before and after 

intervention. rPMS group received mean 6.5 sessions and the control group received 12.8 sessions, showing 

significantly imbalanced intervention due to different timing of hospital discharge. The imbalance was 

corrected by calculating gains of motor scores divided by sessions as Progress Rate (PR). Corrected gains (PR) 

of rPMS group was more significantly enhanced in WMFT and FMA-UE than control groups. rPMS group 

tended to improve TLT more than control one. rPMS might improve sensory ataxic UE paresis after stroke and 

proprioceptive deficit.  

Keywords: motor recovery; neurorehabilitation; proprioceptive impairment; position sense; thumb 

localizing test 

 

1. Introduction 

Proprioceptive information is essential for motor control [1] and motor learning [2]. 

Proprioceptive deficits of upper extremity impair activities in daily livings, such as skillful movement 

of hands and manipulating objects. It has been exhibited in healthy older people [3] and poststroke 

survivors [4].  

Proprioceptive deficits following stroke occurred in 27 to 54 % of patients [5,6], but it remains 

controversial how the disabilities arise. It is correlated with length of hospitalization and mortality 

rates [4,7,8]. Moreover, proprioceptive deficits accompanied with motor paresis after stroke, namely 

sensory ataxic motor paresis after stroke has a poorer prognosis of recovery than pure motor deficit. 

Severity of impaired proprioception can also predict poor prognosis of motor ability, functional 

ability, and dexterity of the affected UE in chronic phase of stroke [9]. Several reports have suggested 

the significant association of proprioception dysfunction with motor recovery of paretic UE function 

after stroke [10–12]. Therefore, proprioceptive deficit may be a prognostic factor for the extent of long-

term motor recovery after stroke. 

Neuromodulators to the periphery, such as neuromuscular electrical stimulation (NMES) and 

repetitive peripheral magnetic stimulation (rPMS), are expected to become an intervention device 

facilitating motor recovery after stroke [13–16]. To date, new findings are being reported that rPMS 

may facilitate motor recovery of upper extremity (UE) pure paresis in acute phase of stroke [13,17]. 
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rPMS-induced proprioceptive inflows can be finally conveyed to the affected hemisphere, thereby 

potentially enhancing synaptic connectivity of the neighboring cortex [18]. Therefore, one hypothesis 

is proposed that rPMS may facilitate motor recovery of UE paresis accompanied with proprioceptive 

impairments when it was given to paretic muscles of UE with ataxia. The other is that proprioceptive 

declines themselves might be improved by rPMS, enhancing an augmented somatosensory and 

proprioceptive input. 

Now, we aimed to determine whether rPMS would be beneficial for sensory and motor recovery 

or not when applied to affected sensory ataxic UE during early acute phase of stroke. 

2. Results 

2.1. Participants 

A CONSORT flow diagram explaining allocation of participants in a randomized manner 

through the study is shown (Figure 1). 18 subjects met the study criteria and agreed to participate 

(Tables 1 and 2). The participants were randomly allocated to two groups in a stratified way (age, 

sex), the rPMS group and the control one. The demographic characteristics were not significantly 

different between the two groups (Table 2). Of the 18 participants, 9 patients in rPMS group with UE 

sensory-motor disability (median 37.9 of FMA-UE function scores; 5 severe proprioception deficit 

and 4 moderate) received rPMS prior to PT after median 5.6 days from stroke onset, while 9 patients 

in control group (median 26.0; severe 4, moderate 3 and mild 2) received PT after 5.7 days. The 

durations of treatment from pretreatment to follow-up estimation (4-25 sessions) were median 6.6 

and 12.9 sessions, respectively (Table 2). The findings exhibited significantly shorter sessions of the 

rPMS group relative to the control group (p = 0.031). Therefore, progress rate was required to justify 

comparison of restorative gains between two groups. 

 

Figure 1. CONSORT flow diagram. 
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Table 1. Patient Characteristics. BAD: branch atheromatous disease; Int.: internal; MCA: middle 

cerebral artery; multiple: multiple cerebral infarcts; M: male; F: female; I: infarct; H: hemorrhage; R: 

right; L: left. 

 

Table 2. Demographic and clinical data. M: male; F: female; y: years; H: hemorrhage; I: infarct; L: 

left; R: right. 

 

2.2. Effects of rPMS on motor recovery 

Comparison of WMFT-FAS scores between the groups were not significantly different at pre-

and post-treatment. However, the corrected gain (PR) in motor recovery of WMFT-FAS scores was 

significantly different (U = 61, Z =2.406, p = 0.015). The rPMS group showed large effect size on 

WMFT-FAS (r = 0.58), suggesting high clinical significance in WMFT-FAS (Figure 2).  

Comparison of FMA-UE function between the two groups showed no significant difference at 

pre- and post-treatment. The corrected gain (PR) of FMA-UE total scores, however, showed 

significant difference between groups, i.e., 2.10 for rPMS group and 0.88 for control group (U test; U= 
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63, z = 1.991, p = 0.05). The rPMS group demonstrated medium effect size (r = 0.47) on FMA-UE, 

suggesting moderate clinical significance in FMA-UE. In sub-analysis of each component of FMA; 

namely FMA-shoulder, FMA-wrist, FMA-fingers, and FMA-coordination/speed, corrected gains 

(PRs) of FMA-shoulder, fingers and coordination/speed was not significantly different between two 

group (Figure 2 and Tables 3 and 4). However, rPMS group demonstrated medium effect size on 

FMA-fingers (r = 0.30) and FMA-coordination/speed (r = 0.35), suggesting moderate clinical 

significance with FMA-fingers and FMA-coordination/speed.  

 

Figure 2. Corrected gains in motor recovery. A. Corrected gain (PR) of WMFT scores differed 

significantly between groups. * denotes significant different p value (p ≦ 0.05). Error bar means SEM. 

AVG: average; G: group. B. Corrected gain (PR) of FMA-UE total scores were significantly different 

(p ≦ 0.05). 

Table 3. Behavioral changes in individual subjects. We could not find any association between age 

and PR. The recovery speed, represented by PR, seemed to be independent of aging in both groups.  

Co: coordination; PR: progress rate. 

 

  

*
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Table 4. Changes in UE functions after intervention. * denotes significant different p value (p ≦ 

0.05). 

 

2.3. Effects of rPMS on proprioceptive function 

As qualitative analysis, 5 out of 9 patients (44.4%) in rPMS group improved their position sense 

deficits whereas only two out of 9 patients (22.2%) in control group improved (Table 3). According 

to the quantitative analysis represented by FMA coordination/speed, the corrected gain (PR) was not 

significantly higher in rPMS group than those in control one (p = 0.190), but the effect size 

demonstrated medium (r = 0.35), suggesting moderate clinical significance with FMA 

coordination/speed (Table 4).  

2.4. Others 

No adverse events such as pain or discomfort have been observed. 

3. Discussion 

The present study suggested that rPMS may improve sensory ataxic paresis of UE during early 

acute phase of stroke. Although only a few reports have suggested the beneficial effect of rPMS on 

UE pure motor function in acute phase of stroke [13,17], this is the first report supporting the 

involvement of rPMS in motor recovery of sensory ataxic UE paresis during the early acute phase of 

stroke. rPMS tended to improve proprioceptive deficits, but the effects were not proven to be 

significantly beneficial in this study.  

Several advantageous points feature in use of rPMS. Especially, it can penetrate deeper without 

pain, generates higher muscle torque, and is applicable to children. In contrast, the shortcomings are 

recognized, such as overheating of the coil and a larger area stimulated with increased intensity. So 

far, rPMS relevant papers used rTMS coil (usually used for stimulating brain over the skull) to convert 

into peripheral use. In contrast, pathleader, used for this study, was uniquely developed for selective 

and exclusive stimulation of target muscles with accuracy and could contract target muscles more 

specifically than above coil (for detail see Figure 3 in methods section).  

Proprioceptive declines was affected by aging [3]. This declines were attributable to 

morphological and physiological changes in both the central [19] and peripheral nervous system [20]. 

Peripheral nerve abnormalities included capsular thickness [21], decreases in muscle spindle 

sensitivity [22], and loss of joint mechanoreceptors [20]. Also, morphological and physiological 

changes in the central nervous system involved decreased gray matter volume in anterior cingulate 

gyrus, pre- and postcentral gyri, insula, and angular gyri [23], and attenuated activity in 

proprioceptive regions of the basal ganglia [19]. Accordingly, it is possible that age-related 

proprioceptive impairments might have already occurred in the enrolled participants (averaged 64 

years old and 70 in rPMS and control group, respectively) since before stroke and is plausible that 

the insult might deteriorate the disability. In addition to age-related proprioceptive declines, the 

benefits of rPMS to proprioceptive function might be underestimated due to variety of the 

participants’ age (ranging 44 to 90 years old). The neural mechanisms responsible for proprioceptive 

＊
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deficits affected by stroke have been speculated as to the relevance of damage to the ipsilesional 

uncrossed descending corticospinal pathways [24] or the disconnection of interhemispheric 

transcallosal transfer [25]. In addition, we are fully aware of the participants showing a higher 

progress rate, and inter-subject difference in the magnitude of motor recovery existed not only in the 

rPMS intervention group but also in the control group. The difference may depend on another factor, 

such as expression of C-C chemokine receptor 5 (CCR5) in the cortex, affecting motor recovery after 

stroke [26]. 

So far, proprioceptive function has been estimated by various measures. TLT has been often used 

for assessment of position sense [27,28], and several reports have discussed the validation and 

reliability of TLT and compared TLT with other relevant measures [28,29]. The association between 

proprioception and UE motor recovery is still unclear because of mixed results among the relevant 

studies. The difference may in part depend on proprioception measures used [30]. Additionally, we 

tried to use FMA coordination/speed for estimate position sense. A desirable proprioception measure 

would be awaited in the future.  

Prognosis of sensory deficits after stroke also remains unknown. Our daily clinical observation 

impressed on us that the sensory disturbances after stroke are often persistent. The impression may 

be supported by our results, showing that only 20 percent of patients in control group improved their 

proprioceptive impairment within a month of the insult onset. Several reports have described 

recovery of sensory function after stroke within the first six months after the onset [6,31]. In contrast, 

our present results, showing a higher rate of improvement of position sense in rPMS group during 

shorter duration than control group, would be favorable for the view that rPMS might improve 

proprioceptive decline. This is supported by a previous study showing a positive effect of rPMS on 

sensory function, as estimated by a sensation domain of FMA [32]. Another report is also helpful, 

demonstrating that the improvement of tactile extinction may be induced by a single session of rPMS 

[33]. Both a direct activation of sensorimotor nerve fibers and an indirect activation of 

mechanoreceptors could enhance an augmented somatosensory and proprioceptive input. The 

findings suggested that proprioceptive function may benefit from the application of rPMS.  

The rPMS could generate cortical plastic changes in conjunction with motor recovery. The 

stimulation generates massive proprioceptive flows to the affected hemisphere [34]. A previous PET 

activation study [35] observed the reorganization of the motor map in the cortex, induced by rPMS. 

Another study demonstrated that application of rPMS to the peripheral muscles led to an increased 

motor-evoked potential (MEP) amplitude and decreased MEP latency [34]. Higher MEP amplitudes 

reflect the recruitment of a larger volume of residual motor pyramidal neurons after a stroke [36]. 

Shorter MEP latencies can be explained by either better synchronicity of rPMS-derived multiple 

descending volleys (I-wave) [37], or better recruitment of short-latency corticocortical projections 

from premotor cortices to primary motor areas [38]. There is increasing evidence supporting the 

association of motor recovery after stroke with reorganization of damaged brain [39,40]. Specifically, 

a previous study with monkey ischemic model has been well-known [39]. They revealed that 

intensive rehabilitative training regained UE paresis and induced an enlargement of the motor map 

representing the affected forearm. Similarly, many studies have been disclosed the outline of possible 

neural mechanism underlying UE function recovery mediated by peripheral stimulation, such as 

NMES [14]. A near-infrared spectroscopy study with chronic patients poststroke suggested that the 

association of activated ipsilateral sensorimotor cortex with UE motor recovery might be produced 

by applying NMES to the affected UE [41]. Another neuroimaging study demonstrated that electrical 

stimulation of the wrist extensor and flexor muscles could activate the contralateral sensorimotor 

cortex [42]. Given neuroplastic changes associated with motor recovery by virtue of peripheral 

stimulation, rPMS could improve UE motor function.  

This study includes several limitations. A larger sample size with sufficient power is required to 

obtain definitive statistical results. Further study would be required to find more optimal stimulation 

parameters and conditions for maximizing the beneficial effects of rPMS on sensory and motor 

recovery. It remains riddle whether the beneficial effect would be long-lasting. To address this issue, 
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it would be helpful to compare the short-term effects of rTMS on sensory ataxic motor paresis 

poststroke with the long-term effects. 
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4. Materials and Methods 

4.1. Participants 

Subjects were recruited from stroke patients admitted to an academic medical center from March 

2020 to February 2021. Inclusion criteria were: (1) medically stable condition; (2) inpatients within 

two weeks of stroke onset; (3) age 40 – 90 years; (4) intact skin on the affected UE; (5) adequate mental 

state to participate (well-consciousness); (6) first-ever, UE paresis; 7) proprioceptive impairment. 

Exclusion criteria were: (1) history of damage from stroke, brain injury or brain tumor; (2) metal 

implant in head or within stimulation area; (3) aphasia; (4) history of cardiac arrhythmia with 

hemodynamic instability; (5) comorbidity with neurodegenerative diseases and mental disorders; (6) 

uncontrolled seizure; (7) impaired consciousness; (8) implanted stimulator (such as cardiac 

pacemaker and defibrillator).  

4.2. Interventional Protocols 

We utilized a peripheral magnetic stimulator (Pathleader, IFG, Sendai, Japan) for rPMS 

treatment. This stimulator is uniquely characterized by generating a selective and exclusive 

contraction of the target muscle with accuracy. This round coil stimulator generated biphasic 350 

μsec with magnetic gradients of up to 15 kT/sec, thus generating repetitive contraction-relaxation 

cycles that amplify proprioceptive input from target muscles. We adopted an intermittent ON/OFF 

stimulation protocol consisting of three times 10 consecutive stimulations for each muscle per session, 

where the duration of each stimulation (ON) was made for 2 sec with a frequency of 30 Hz, a total of 

1800 pulses and intensity of 70% MSO (maximal stimulator output: corresponding to 0.65 Tesla) at 

each stimulation site, and then the stimulation intervals (OFF period) were set at 2 sec. Each of ON 

period forced each targeted paretic muscle of subjects to contract for 2 sec when stimuli were given 

to the belly of the muscle of subjects in a sitting position. The stimulator was applied to each of paretic 

UE muscles in a sequential manner (Figure 3B). The procedure proceeded in the following order: (1) 

identification of optimal stimulation point (Figure 3A), (2) repeated stimuli (Figure 3B). The target 

was moved proximal part to distal and the same procedure was continued for each muscle (Figure 

3C). We began with identifying such an optimal stimulation point as maximizing the contraction of 

deltoid. Stimuli were repeated thirty times while keeping the stimulator on optimal point of deltoid 

muscle. After that, it was followed by biceps brachii, triceps brachii, flexor digitorum superficialis 

(FDS), and extensor digitorum communis (EDC) & extensor carpi radialis (ECR), respectively (Figure 

3C, D). Deltoid, triceps brachii, ECR and EDC were mandatory target muscles applied for rPMS. 

Optional application of rPMS to flexor muscles (biceps brachii and FDS) was made only to patients 

with flaccid muscle tone (below 3 in knee-mouth test and/or finger function test of SIAS).  
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Figure 3. Stimulation procedure. A) Identification of stimulation point. We began with identifying 

such an optimal stimulation point as maximizing the contraction of a target muscle. This stimulator 

is uniquely characterized by generating a selective and exclusive contraction of the target muscle with 

accuracy. The placement of stimulator for deltoid muscle was illustrated. B) Stimulation setting. S: 

stimuli; I: interval, C) Stimulation sequence. The daily stimulation was proceeded in numerical order. 

D) rPMS placement. The placement of stimulator for each muscle was illustrated. 

4.3. Intervention protocol 

The rPMS group received five sessions of treatment per week, alternating 20 minutes of rPMS 

and subsequent 20 minutes of physical therapy (PT) with 40 minutes of PT every other day. The 

control group received five sessions of treatment/week, consisting of a 40 minutes of PT per day 

(Figure 4). PT included range of motion exercise, affected arm muscle tone normalization, passive 

and passive-assisted mobilization, progressive neuromuscular facilitation training, and task-oriented 

training conducted by a trained therapist.  

Rehabilitation intervention of acute care hospitals in Japan is often suspended within 2 to 4 

weeks of the onset and subsequently followed at restorative rehabilitation care units of other 

hospitals. Actually, anybody could not anticipate the time of hospital discharge for each subject. This 

means that the intervention was abruptly ended for both groups. As a result, we can predict that the 

sessions of intervention attained in the study depend on length of hospitalization.  

 

Figure 4. Intervention protocol. (A) Schedule for rPMS group; (B) Schedule for Control group. 

Intervention was continued in this sequence since 4 th week. 

4.4. Outcome measures 

Outcome measures included Wolf motor function test (WMFT) functional ability scale (FAS) 

[43], and the upper-extremity (UE) motor section of the Fugl-Meyer Motor Assessment Scale (FMA) 

[44]. These assessment points are set before intervention and after the end of intervention. In WMFT 

assessment sessions, all tasks are performed as quickly as possible and are truncated at 120 seconds. 

Tasks 1 - 6 of the WMFT comprise timed joint-segment movements, and tasks 7 - 15 involve timed 

integrative functional movements. When scoring the FMA motor section (0-66 points), each patient 

is required to perform 33 movements including shoulder, wrist, fingers, and coordination/speed. 

Their performance of each movement is scored on a 3-point ordinal scale (0, cannot perform; 1, 

performs partially; 2, performs fully). As Estimation of coordination/speed, finger-to-nose test was 

adopted. When subject was sitting with eyes closed, he was instructed to put the tip of his index 

finger from knee to nose 5 times as fast as possible. The following details are assessed: Tremor: 0 

marked tremor; 1: slight tremor; 2: no tremor. Dysmetria: 0: pronounced dysmetria; 1: slight and 

systematic dysmetria; 2: no dysmetria. Speed: the swiftness of motion is compared relative to 

unaffected arm. 0: repeated 5 times of finger-to-nose test with the affected arm is at least 6 seconds 
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slower than the unaffected one; 1: 2 to 5 seconds slower than the affected one; 2: less than 2 seconds 

difference. Three details estimated gave a maximum sum of 6 points. 

4.5. Assessment of Proprioceptive function 

Proprioception is generally classified into three subtypes: i.e., position, motion, and force senses. 

Especially, position sense refers to as the ability to perceive the position of a joint or body part. For 

quantitative assessment of whole-limb position sense, thumb localizing test (TLT) was chosen 

[27,29,45]. The examiner begins by confirming normal proprioception in the unaffected arm by 

enabling patients to touch the nose by the unaffected arm with the eyes closed. After the participant’s 

affected arm is moved passively to four different locations in space, the participant is required to 

precisely grasp their affected thumb with their unaffected hand in their eyes-closed condition. The 

scoring is based on the estimated distance that each patient misses their affected thumb in space and 

discriminates between 4 grades; no difficulty (grade 0: locates the affected thumb accurately and 

grasps it precisely), mild (grade 1: just misses to grasp the thumb by no more 3 inches and locates 

correctly it within 5 seconds), moderate (grade 2: is able to find the arm and then uses the arm to find 

the thumb), or severe proprioception deficits (grade 3: cannot climb up the affected arm to locate 

his/her thumb). The final TLT score is determined according to the worst performance. As another 

index of position sense, we shed light on FMA coordination/speed. Because proprioceptive 

disturbance can cause profound dysregulation of coordinated movements of UE. 

4.6. Indices of corrected gains of UE motor recovery  

To decide whether rPMS prior to PT would be more effective for motor recovery than 

conventional PT, restorative gains of improvement in UE function were compared. Because inter-

subject differences in sessions as treatment duration depend on the time of hospital discharge, gains 

should be corrected for comparison between the two groups. Thus, progress rate was defined as 

corrected gains of motor recovery, namely UE function scores divided by sessions and then the 

progress rates were comparison between groups. 

4.7. Statistical Analysis  

Statistical analysis was performed by either Pearson’s chi-square test or Mann-Whitney U test 

for nonparametric data using SPSS ver. 26. Results were accepted as statistically significant at p ≦ 

0.05. p value is likely to be vulnerable for sample size, whereas effect size is more valuable and reliable 

than p value in case of small sampling size. Accordingly, effect size (r value) of outcome measures 

for nonparametric data was worked out to measure the magnitude of treatment effect: r = Z/√N, 

where N is the total number of samples and Z is derived from Mann-Whitney U test. r values of 0.1, 

0.3, and 0.5 represent small, moderate, and large effect sizes, respectively. 

5. Conclusions 

We showed that rPMS might facilitate motor recovery for ataxic hemiparesis at acute phase of 

stroke patients although it might have only a trend toward proprioceptive improvement. We just 

hope that our efforts might provide some clue to full recovery of UE sensory ataxic paresis after stroke 

in the future. 
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