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Abstract.	 [Purpose] The effects of multifunctional garments on neuromuscular performance have gained signifi-
cant research attention in the health sciences. However, the spinal responses to different fabrics have not yet been 
considered. In the present study, we examined the effects of typical fabrics (cotton and polyester) on the Hoffmann 
reflex during local heat exposure. [Participants and Methods] Sixteen healthy males aged 20–40 years participated 
in this study. A heating device comprising a thermal mat, fabric, and a data logger was fabricated. The fabric was 
affixed to the skin as the contact surface. The temperature of the right posterior lower leg was increased to 39°C 
followed by 10 min for adaptation at 39–40°C. The H- and M-waves were recorded at each point, including those 
without heating. An identical trial was conducted seven days later using the alternative fabric. [Results] M-wave 
amplitude and latency were significantly decreased during heat exposure without fabric. The H-wave latency was 
prolonged by sustained thermal heat during the session with polyester. Interestingly, the H-wave amplitudes nor-
malized by the maximal M-wave amplitudes decreased with prolonged heat exposure during the session with cot-
ton. However, this index remains unchanged during the sessions using polyester. [Conclusion] During prolonged 
localized thermal exposure, cotton reduced spinal excitability, whereas polyester preserved spinal excitability.
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INTRODUCTION

In physical therapy, the facilitation and inhibition of the nervous system are crucial factors to consider in determining 
approaches. Among various solutions, the effects of multifunctional garments on neurological function1–3) and physical 
performance4–6) have garnered significant attention as manufacturing technology7) has developed. In our previous study8), a 
compression device was applied to a patient with severely impaired hip adductors due to obturator neuropathy, resulting in 
significant improvement in physical performance. However, its effectiveness could be affected by the material properties7), 
and the neurological response to stimulation needs to be clarified to ensure its appropriate use in clinical practice.

Homeothermic animals generate heat metabolically and must dissipate the heat efficiently to maintain a stable body 
temperature. Clothing studies have thus focused on fabrics with thermal and moisture transfer characteristics in evaluat-
ing subjective assessments4, 9–12), clothing microclimates9–13), physiological functions4, 9–11, 14), athletic performance4, 10, 11), 
surface electromyography13, 14), sleep quality15), and sound and touch16). These studies have examined the effects of natural 
and synthetic fibers used in clothing. Indeed, clothing made from polyester and clothing made from cotton fibers are often 
compared. Polyester clothing has been shown to enhance athletic performance4, 11), and improve post-exercise comfort11) 
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and skin cooling9). Consequently, polyester fibers are commonly chosen as a material for sportswear. However, Zimniewska 
and Kozłowski14) reported that polyester fibers increased oxidative stress. Similarly, another study found that polyester fibers 
were associated with increases in average amplitudes and frequencies in surface electromyography13). These effects due to 
polyester fibers thus indicate a modulation of neurophysiological functions.

The use of the Hoffmann reflex (H-reflex) is a well-known method of neurophysiological evaluation. Defined by Maglad-
ery and McDougal17) as the Hoffmann wave (H-wave), this reflex is initiated by low-intensity stimulation targeting Ia af-
ferent fibers, leading to a direct monosynaptic reflex pathway that involves spinal motor neurons. Gradually increasing the 
stimulation directly excites motor axons, producing the M-wave, whereas the H-wave decline occurs due to collisions with 
antidromic impulses18, 19). As these reflexes use distinct pathways, they facilitate the assessment of both spinal responses 
and the activation of the entire motor neuron pool19, 20). In the field of physical therapy, the H-reflex reflects the cumulative 
effect of facilitation and inhibition from supraspinal sources, and it is thus a measure widely used to assess neuromodulation 
through joint manipulation and vocalization21, 22). Action potentials are affected by core and nerve temperatures, which alter 
the sodium channel function23). Consequently, H-reflex studies have explored the effects of both whole-body24, 25) and local-
ized heat and cooling26–30). However, the effects of the inconsistent materials or fabrics used in these studies on the H-reflex 
have not been analyzed.

Therefore, we observed the effects of stimuli from representative fabrics on neurological responses, using the soleus 
muscle (SOL) H-reflex, under conditions that simulated local heating and metabolic activity. This study confirms whether 
different types of fabrics do not hinder the expected patient responses in clinical settings, and it is expected to contribute to 
the development of garments that assist in physical therapy.

PARTICIPANTS AND METHODS

This study employed a double-blind crossover design. Participants underwent two sessions, one with cotton fabric and 
one with polyester fabric, conducted on separate days with a seven day interval (details of the devices and specific methods 
are provided below). Sample size estimation using G*Power31), based on analysis of variance with a moderate effect size, an 
alpha error of 0.05, a power of 0.80, and a correlation of 0.8 among repeated measures, determined that the 2 × 3 and 1 × 3 
designs needed eight and 12 participants, respectively.

Participants were recruited using convenience sampling due to the practical considerations of time constraints and the 
discomfort associated with the electrical stimulation used in evoked potential measurements. This non-probability sampling 
method allowed for the efficient selection of healthy volunteers who were readily available and willing to endure the proce-
dural requirements, though it may introduce bias32). Sixteen healthy male volunteers (mean ± standard deviation: SD, age of 
29.0 ± 5.1 years, height of 169.8 ± 8.0 cm, and weight of 60.9 ± 9.2 kg) were recruited at Iida Hospital based on their avail-
ability and willingness to participate. The exclusion criteria were as follows: intolerance to electrical stimulation, inability 
to elicit H-reflex despite appropriate skin treatment and electrical stimulation, and inability to maintain a supine position 
for over 30 minutes. The study was approved by the Ethics Committees of Iida Hospital and Shinshu University (approval 
number: 386), and written informed consent was obtained from all participants. Three participants were excluded owing to 
the inability to properly elicit the H-reflex, resulting in 13 participants who were able to complete the protocol.

Two types of plain-woven fabric, comprising 100% cotton and 100% polyester (FUJIKYU, Nagoya, Japan), were used. 
Figure 1 shows a heating device comprising a CH-HP04 thermal mat (COSI HOME, London, UK), cotton or polyester fabrics, 
T thermocouples (SATO SHOUJI, Kanagawa, Japan), and a Hygrochron humidity data logger (MAXIM INTEGRATED, San 
Jose, CA, USA). YU-KI BAN GS surgical tape (NITOMS, Tokyo, Japan) was used to secure each component. The thermal 
mat, sized for the lower leg and insulated on one side, was covered with fabric on the contact area. The thermocouples affixed 
between the thermal mat and fabrics give the output of the heating device. A Hygrochron sensor was additionally placed on 
the skin-contact surface of the device for five participants. Evoked potentials were measured using a Neuropack X1 system 
with NM-422B surface stimulation electrodes and NE-132B surface Ag/AgCl electrodes (all from NIHON KOHDEN, Tokyo, 
Japan). To ensure the quality of the potential signal affected by skin moisture variations, Ag/AgCl electrodes and conductive 
paste were chosen33, 34). The surface electrodes were secured with moisture-permeable YU-KI BAN GS.

Evoked potentials recorded a submaximal H-wave (HSUB) and maximal M-wave (MMAX) from SOL with a 1.0-ms square 
wave. HSUB was set at a stimulation frequency of 0.2 Hz, elicited at a stimulation intensity that produced approximately 
10% of MMAX. MMAX was elicited at a stimulation frequency of 1.0 Hz at maximal stimulus (120%). It is generally advised 
to take measurements for 5–10 H-reflexes for each given stimulus20, 35). HSUB was elicited eight times whereas MMAX was 
averaged over four measurements to minimize discomfort. The evoked potentials were processed with a band-pass filter of 
20–1,000 Hz and captured on a personal computer at a sampling rate of 10 kHz. The waveforms were evaluated in terms of 
amplitudes (peak to peak, mV) and latencies (ms). The HSUB amplitude was normalized by the MMAX amplitude to provide 
an index of spinal excitability19, 20) (HSUB/MMAX). The M-wave to MMAX amplitude ratio (M/MMAX) was calculated to ensure 
consistent stimulation across sessions35).

All trials were conducted in a shielded room maintained at 24°C and 40% humidity. Experimental sessions for each fabric 
type were conducted on two different days (approximately seven days apart), starting at 17:30. The participants changed into 
100% cotton shorts and a T-shirt. The right ankle joint was fixed at a dorsiflexion angle of 0° using an ORTOP AFO orthosis 
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(PACIFIC SUPPLY, Osaka, Japan). The participants lay prone on a bed for 10 minutes with their knee flexion adjusted to 
20° with a pad. After resting, the electrode area was shaved, and a Skinpure skin preparation gel (NIHON KOHDEN, Tokyo, 
Japan) was used to reduce skin resistance to below 5 kΩ. Surface stimulation electrodes were fixed to the right popliteal 
fossa with a non-elastic belt. Surface Ag/AgCl electrodes were secured to the medial gastrocnemius, Achilles tendon, and 
proximal medial lower leg (ground)19). The distance between electrodes was set at 2.0 cm36). The heating device was placed 
to cover the entire posterior lower leg and fixed with two 0.5-kg weights. The fabrics were randomized and blinded to both 
the examiners and participants. An additional thermocouple was applied to the belly of the right tibialis anterior (TA) to 
confirm sensory input from the anterior lower leg. The three thermocouples were monitored with a CENTER 521 data logger 
(CENTER TECHNOLOGY, New Taipei, Taiwan). The trials followed a predetermined sequence, starting with the control 
condition (CT), followed by the heat condition (HT), and ending with the adaptation condition (AT). After setting up the 
devices and allowing the participant to rest for 10 minutes, the tympanic temperature (TEAR) was measured with a CTD711 
device (CITIZEN SYSTEMS JAPAN, Tokyo, Japan). Data were then recorded for the skin surface temperatures over SOL 
(TSOL) and TA (TTA), the thermal mat surface temperature (TMAT), the relative humidity over SOL (%RHSOL), and the evoked 
potentials (MMAX and HSUB). These procedures were defined as CT. Under HT, TSOL was increased to 39.0°C by the heating 
device. Subsequently, the same measurements were repeated, and the heating times were recorded. Under AT, TSOL was 
maintained between 39.0 and 40.0°C for 10 minutes. Measurements identical to those of CT were subsequently performed. 
The participants were instructed to relax and maintain their postures during all trials. After measurements, skin markers were 
applied at electrode positions to ensure reproducibility in later sessions.

The primary outcomes were waveform parameters, including MMAX amplitudes, HSUB and MMAX latencies, and the HSUB/
MMAX. The secondary outcomes included heating times, TEAR, TTA, TMAT, TSOL, %RHSOL, and the M/MMAX.

Paired t-tests were conducted to compare the heating times and M/MMAX ratios across sessions. Two-way repeated mea-
sures linear mixed models (LMMs) were used for TEAR, TTA, TMAT, TSOL, %RHSOL, and both MMAX and HSUB latencies to 
examine individual differences and interactions between fabric types and heating conditions, incorporating random effects for 
each participant, with CT and polyester fabric as the baseline. For each fabric type, one-way repeated measures LMMs (with 
random intercepts) were applied to the MMAX amplitude and HSUB/MMAX, considering the impact of electrode compression 
on amplitude variations37, 38). The LMMs were used primarily to determine interactions and to prepare the marginal means 
for more detailed multiple comparisons. The Bonferroni method and Cohen’s d39) were applied in post-hoc testing and 
determining the effect sizes, respectively. All analyses were conducted using R version 4.3.1 with lme4, r2glmm (to calculate 
R2 and partial R2, 40)), and emmeans (to output results of multiple comparison6)) packages, with the level of significance set 
at 5%. setting the level of significance at 5%.

Fig. 1.	  Heating device setup.
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RESULTS

Absences of significant differences were observed in both heating times (mean difference of 0.2 minutes) and M/MMAX 
(mean difference of 0.8 mV).

Table 1 gives the results of the LMMs for environmental temperatures and humidity. Table 2 presents the multiple com-
parison results corresponding to the LMM results in Table 1. Both TEAR and TTA showed consistency throughout the trials, 
being unaffected by fabric or heating factors. Significant main effects of the heating factors were identified in TSOL, TMAT, 
and %RHSOL. The post-hoc tests revealed significant increases in these variables in both HT and AT relative to CT (Table 2).

Table 3 shows the results of the LMMs for waveform parameters. Table 4 presents the multiple comparison results cor-
responding to the LMM results in Table 3. The HSUB latency exhibited significant interactions between the heating factors 
and fabric type. In contrast, the MMAX latency showed a significant main effect of heating factor.

As demonstrated by multiple comparisons, the polyester fabric significantly prolonged the HSUB latency in HT and AT 
relative to CT. Conversely, the MMAX latency was significantly shortened in AT relative to CT, unaffected by the fabric type.

Both the MMAX amplitude and HSUB/MMAX exhibited significant main effects of decline under AT (Table 3). As demon-
strated by the Bonferroni method (Table 4), the MMAX amplitudes significantly declined in HT and AT versus CT in both 
cotton and polyester sessions. However, for the HSUB/MMAX, the polyester fabric showed no significant decrease when the 
heating factor was applied, thereby maintaining the HSUB/MMAX.

Table 1.	 Linear mixed models of environmental temperature and humidity

Evaluation Factor Fixed effect Beta [95% CI] Partial R2 R2

TEAR (°C) Intercept 36.520 [36.340, 36.690]*** 0.108
Fabric Polyester −0.054 [−0.219, 0.111] 0.030
Condition Heat 0.038 [−0.001, 0.078] 0.015

Adaptation 0.000 [−0.039, 0.039] 0.000
Interaction Polyester:Heat 0.000 [−0.048, 0.048] 0.000

Polyester:Adaptation 0.008 [−0.040, 0.055] 0.000
TTA (°C) Intercept 31.815 [31.029, 32.601]*** 0.062

Fabric Polyester −0.215 [−1.186, 0.755] 0.014
Condition Heat 0.177 [−0.076, 0.429] 0.010

Adaptation 0.108 [−0.145, 0.360] 0.004
Interaction Polyester:Heat 0.015 [−0.293, 0.324] 0.000

Polyester:Adaptation −0.031 [−0.339, 0.278] 0.000
TSOL (°C) Intercept 33.431 [33.220, 33.642]*** 0.988

Fabric Polyester −0.038 [−0.269, 0.193] 0.001
Condition Heat 5.631 [5.333, 5.929]*** 0.965

Adaptation 6.354 [6.056, 6.652]*** 0.972
Interaction Polyester:Heat 0.031 [−0.296, 0.358] 0.000

Polyester:Adaptation −0.100 [−0.427, 0.227] 0.004
TMAT (°C) Intercept 33.085 [32.716, 33.453]*** 0.984

Fabric Polyester −0.123 [−0.563, 0.317] 0.005
Condition Heat 9.431 [8.988, 9.874]*** 0.964

Adaptation 8.562 [8.118, 9.005]*** 0.956
Interaction Polyester:Heat −0.446 [−0.932, 0.040] 0.029

Polyester:Adaptation −0.377 [−0.863, 0.109] 0.021
%RHSOL (%) Intercept 35.460 [29.918, 41.002]*** 0.600

Fabric Polyester −0.060 [−7.898, 7.778] 0.000
Condition Heat 11.480 [6.514, 16.446]*** 0.263

Adaptation 18.620 [13.654, 23.586]*** 0.485
Interaction Polyester:Heat −0.820 [−7.843, 6.203] 0.001

Polyester:Adaptation −6.120 [−13.143, 0.903] 0.048
Statistical significance of regression coefficients of linear mixed models: *p<0.05, **p<0.01, ***p<0.001.
Partial R2: R2 statistic as effect size.
CI: confidence interval; TEAR: tympanic temperatures; TTA: skin surface temperatures over tibialis anterior; TSOL: skin 
surface temperatures over soleus; TMAT: thermal mat surface temperatures; %RHSOL: relative humidity over soleus.
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Table 2.	 Environmental temperatures and humidity

Evaluation Fabric
Condition

Control Heat Adaptation
TEAR (°C) Cotton 36.5 [0.08]

Polyester
TTA (°C) Cotton 31.8 [0.32]

Polyester
TSOL (°C) Cotton 33.4 [0.09] 39.1 [0.09]*** d=13.1 39.7 [0.09]*** d=14.6

Polyester
TMAT (°C) Cotton 33.0 [0.16] 42.2 [0.16]*** d=14.5 41.4 [0.16]*** d=13.2

Polyester
%RHSOL (%) Cotton 35.4 [2.11] 46.5 [2.11]** d=1.8 51.0 [2.11]*** d=2.6

Polyester
Estimated marginal means [standard error] based on results of linear mixed models.
Statistical significance of multiple comparisons: *p<0.05, **p<0.01, ***p<0.001 (relative to Control).
TEAR: tympanic temperatures; TTA: skin surface temperatures over tibialis anterior; TSOL: skin surface temperatures over 
soleus; TMAT: thermal mat surface temperatures; %RHSOL: relative humidity over soleus; d: Cohen’s d as effect size.

Table 3.	 Linear mixed models of waveform parameter

Evaluation Factor Fixed effect Beta [95% CI] Partial R2 R2

HSUB latency (ms) Intercept 28.947 [28.084, 29.811]*** 0.108
Fabric Polyester −0.137 [−0.344, 0.069] 0.015
Condition Heat 0.008 [−0.164, 0.180] 0.000

Adaptation −0.032 [−0.204, 0.140] 0.001
Interaction Polyester:Heat 0.265 [0.039, 0.490]* 0.028

Polyester:Adaptation 0.373 [0.147, 0.598]** 0.054
MMAX latency (ms) Intercept 5.555 [5.116, 5.995]*** 0.363

Fabric Polyester 0.226 [−0.050, 0.502] 0.094
Condition Heat −0.021 [−0.112, 0.071] 0.001

Adaptation −0.256 [−0.348, −0.165]*** 0.118
Interaction Polyester:Heat −0.088 [−0.214, 0.039] 0.008

Polyester:Adaptation −0.068 [−0.195, 0.059] 0.005
MMAX amplitude (mV) Cotton Intercept 15.748 [13.219, 18.276]*** 0.252

Heat −0.496 [−0.842, −0.150]** 0.037
Adaptation −1.452 [−1.797, −1.106]*** 0.246

Polyester Intercept 16.654 [14.053, 19.254]*** 0.192
Heat −0.858 [−1.304, −0.412]*** 0.074
Adaptation −1.477 [−1.923, −1.031]*** 0.191

HSUB/MMAX Cotton Intercept 0.172 [0.112, 0.232]*** 0.085
Heat −0.007 [−0.013, 0.000] 0.015
Adaptation −0.016 [−0.023, −0.009]*** 0.084

Polyester Intercept 0.150 [0.107, 0.192]*** 0.036
Heat −0.002 [−0.009, 0.005] 0.002
Adaptation −0.009 [−0.016, −0.002]* 0.033

Statistical significance of regression coefficients of linear mixed models: *p<0.05, **p<0.01, ***p<0.001.
Partial R2: R2 statistic as effect size.
CI: confidence interval; HSUB: submaximal H-wave; MMAX: maximal M-wave.
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DISCUSSION

The present study investigated the differential effects of cotton and polyester fabrics on neural drive under consistent 
thermal stimulation. The results showed that the MMAX and HSUB/MMAX exhibited distinct responses depending on the type 
of fabric. Specifically, the polyester fabric was found to prolong the HSUB latency while maintaining the HSUB/MMAX.

Racinais et al.24, 25) highlighted the critical role of an increased core temperature in reducing the amplitudes and latencies 
of both the M-wave and H-wave, as well as the H/M ratio. Our results indicate that the TEAR had no significant effect, sug-
gesting its minimal impact on the waveform.

Rutkove et al.26) reported a decline in the M-wave amplitude of the first dorsal interosseous, following 20 minutes of 
heating the upper limb to 44°C. Kiernan et al.27) distinguished a similar reduction in the M-wave amplitude of the abductor 
pollicis brevis muscle after 35 minutes of warming the forearm. Dewhurst et al.28) found that heating the lower limb for 40 
minutes with an electric blanket, increased the SOL skin temperature to approximately 37°C, reduced M-wave and H-wave 
amplitudes and H-wave latency without altering the H/M ratio. These reports suggest that the presence of prolonged thermal 
agents at the recording site typically decreases amplitude and latency signals. This mechanism likely stems from reduced 
sodium ion influx, as the sodium ion channel closes rapidly with increased nerve temperature23, 26). Our findings regarding 
the reduction in the MMAX align with the results of these studies26–28), indicating that the thermal effects are readily reflected 
in the neuromuscular junction. However, the HSUB latency and HSUB/MMAX exhibited different responses depending on the 
type of fabric. It has been suggested that there are synaptic connections between Ia afferent fibers and the motor neurons of 
SOL41). In addition, specific skin stimuli reportedly induce connections with interneurons at the spinal level, inducing central 
delays42, 43). Our results indicate that the different fabrics have varying impacts on the cumulative effect of facilitation and 
inhibition from supraspinal sources. This finding aligns with previous research indicating that polyester clothing affects 
neural activation13). Nevertheless, the H/M ratio with the interaction of the H-wave and M-wave, making it difficult to ac-
curately compare different experimental conditions involving varying ranges of exposure and thermal conductive materials.

The thermal conductivity and moisture regain of materials need to be considered in clarifying the effects of a fabric. The 
heat transfer rate of cotton fabric is greater than that of polyester fabric for materials of the same construction44). Further-
more, the higher moisture regain of cotton fabric contributes to an accelerated increase in thermal conductivity45). Tang et 
al.46) conducted a subjective stickiness assessment using various wetted fabrics and suggested that moisture in cotton fabric 
increases fabric–skin adhesion. According to Arshi et al.47), cotton fiber, possessing polar groups, swells through an increase 
in relative humidity, which enhances adhesion at temperatures below 45°C. These reports suggest that fabric characteristics 
alter heat and tactile stimuli on the skin surface. Skin stimulation applications such as compression garments and elastic tapes 
reportedly reduce H-wave amplitudes3, 48, 49). Therefore, the reduction in spinal excitability for cotton fabric may stem from 
presynaptic inhibition19) linked to enhanced skin stimulation from increasing humidity. Concurrently, the swollen cotton 
might increase the areas of tactile contact with the skin and conduct heat more efficiently, altering sodium ion channels23, 26).

In clinical settings of physical therapy, using dry heat packs wrapped specifically in cotton fabric, as opposed to blended or 
synthetic fibers, reduces spinal excitability at rest. This method effectively aids in managing muscle hypertonia and contrac-
tures by providing cotton’s natural properties for even heat distribution and comfort. Using polyester-based supports during 
exercise that induce sweating prevents neurological inhibition and thus enhances exercise efficiency. Although polyester’s 
hydrophobic properties potentially lead to discomfort due to stickiness, this sensation often goes unnoticed during physi-
cal activity, making it suitable for exercise9, 10). Conversely, cotton-based supports increase skin stimulation through their 
adhesive effects, enhancing sensory feedback. However, differences in spinal responses to the fabrics only appear when the 
local area is exposed to high heat and humidity for prolonged periods; otherwise, these effects are negligible. By elucidating 

Table 4.	 Latency responses and amplitude parameters

Evaluation Fabric
Condition

Control Heat Adaptation
HSUB latency (ms) Cotton 28.9 [0.43] 29.0 [0.43] 28.9 [0.43]

Polyester 28.8 [0.43] 29.1 [0.43]* d=0.9 29.2 [0.43]** d=1.2
MMAX latency (ms) Cotton 5.67 [0.21] 5.60 [0.21] 5.38 [0.21]*** d=1.8

Polyester
MMAX amplitude (mV) Cotton 15.7 [1.25] 15.3 [1.25]* d=0.8 14.3 [1.25]*** d=2.3

Polyester 16.7 [1.28] 15.8 [1.28]** d=1.0 15.2 [1.28]*** d=1.8
HSUB/MMAX Cotton 0.172 [0.03] 0.166 [0.03] 0.156 [0.03]*** d=1.3

Polyester 0.150 [0.02] 0.148 [0.02] 0.141 [0.02]
Estimated marginal means [standard error] based on results of linear mixed models.
Statistical significance of multiple comparisons: *p<0.05, **p<0.01, ***p<0.001 (relative to Control).
HSUB: submaximal H-wave; MMAX: maximal M-wave; d: Cohen’s d as effect size.
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the electrophysiological responses to fabric stimuli, this study contributes to the design of cutaneous afferent stimulation 
devices, such as compression garments, that combine pressure and textured stimuli.

Clothing worn constantly can continue to provide less physiological benefit than manual therapy. However, the specific 
effects of various fabrics remain largely unexplored. Collaboration between the fields of fiber science and rehabilitation has 
the potential to lead to new discoveries and contribute to the development of physical therapy.

We believe that it is crucial to observe the electrophysiological responses to typical fabric stimuli and ensure that these 
responses do not conflict with the desired neurological excitation or inhibition changes. Ultimately, we aim to develop gar-
ments that complement or improve motor performance in individuals with functional impairments.

Research limitations are described. The skin impedance was measured only immediately after skin preparation, making it 
difficult to accurately assess the effects of increased conductivity due to rising temperature and humidity during the experi-
ment. Two typical plain-woven fabrics made of cotton and polyester were used, but the combinations of fiber types, blend 
ratios, and weaving techniques are diverse, and each requires individual verification. The present study focused exclusively 
on young male individuals, yet the effects of local heat exposure on the H-reflex vary with age28, 30). In addition, previous 
studies have shown that progesterone, a hormone that plays a crucial role in the female reproductive system, affects the 
H-reflex50). We measured the H-reflex in a resting-prone position. This approach overlooks changes in neural drive due to 
variations in posture, along with not assessing reflex gain during muscle activity, restricts the generalizability of our findings. 
A fundamental limitation exists in using the H-reflex to study human movement, as it is an electrically induced reflex that 
does not naturally occur. Furthermore, H-reflex changes offer insights into neural mechanisms but may not directly translate 
to clinical outcomes, necessitating caution in interpretation.

Our research revealed the different effects of cotton and polyester fabrics on spinal excitability during local heat exposure. 
During thermal agent application, the cotton fabric reduced HSUB/MMAX whereas the polyester fabric maintained HSUB/
MMAX. These fabric properties contribute to the selection of wrapping materials for thermal agents and the fundamental 
design of wearable devices that control cutaneous afferent input in physical therapy.
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