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Verbal Suggestion Modulates the Sense of Ownership and Heat Pain Threshold During the “Injured” Rubber Hand Illusion
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The appearance of the self-body influences the feeling that one’s body belongs to oneself, that is, a sense of ownership (SoO) and pain perception. This can be identified by measuring the SoO and pain thresholds after performing the rubber hand illusion (RHI) with an injured rubber hand. The generation of SoO is thought to be caused by multisensory integration of bottom-up factors (vision, proprioceptive, and touch), and by top-down factors, such as the context effect. The appearance is one of the context effects which may become more effective when used simultaneously with other context effects (e.g., verbal suggestion). However, in the RHI, when appearance and other context effects are used simultaneously, the effect is unclear. In this study, we attempted to identify the influence of verbal suggestion on the SoO and heat pain threshold (HPT). As a preliminary step, in Experiment 1, the “normal” rubber hand and “penetrated nail” as injured rubber hand were used to clarify the context effect with appearance alone during RHI (synchronous/asynchronous), which was conducted within-subjects. In Experiment 2, we only used the “penetrated nail” rubber hand to clarify the context effect with verbal suggestion and appearance during RHI. We randomly classified participants into two suggestion groups (“fear” and “no-fear”). The RHI (synchronous/asynchronous) was conducted for each group. In each experiment, the effect of each condition was assessed by subjective measures of SoO, such as questionnaire, and objective measures of SoO, such as proprioceptive drift and electrodermal activity. Following RHI in each condition, HPT was measured. The main finding was that, in the synchronous condition, the “penetrated nail” appearance with “fear” verbal suggestion modulated questionnaire and HPT, but not electrodermal activity. We conclude that the context-included multisensory integration affected the subjective factors because it contains a higher cognitive process by verbal suggestion.
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INTRODUCTION

The feeling that one’s body belongs to oneself, that is, the sense of ownership (SoO), is a fundamental aspect of self-consciousness (Gallagher, 2000; Tsakiris, 2010). SoO is the result of the integration of afferent information such as vision, proprioception, and tactile perception and changes flexibly depending on the situation. For example, increasing the SoO of an object with one’s hand (embodiment of a tool) can improve its operability (Cardinali et al., 2021; Odermatt et al., 2021). However, when a person is experiencing mental distress or pain, decreasing SoO can decrease distress perception (Hirakawa et al., 2014; Ataria, 2015; Ten Brink et al., 2021).

The mechanism of SoO has been examined using the rubber hand illusion (RHI) (Botvinick and Cohen, 1998). In the RHI, the participant’s real hand and a rubber hand (i.e., a fake hand made of rubber) are placed in parallel on a table. A partition is positioned between the real and rubber hands, such that only the rubber hand is visible to the participant. When the real and rubber hands are stroked simultaneously, the participant gradually feels as if the rubber hand were a part of their body. This is attributed to the integration of multisensory input (vision, proprioceptive, and touch) through inference depending on the situation (Kilteni et al., 2015; Limanowski, 2021) and is considered the same mechanism as the generation process of the SoO. A similar experimental paradigm has been performed using a virtual arm instead of a rubber hand (virtual hand illusion: VHI) (Slater et al., 2008) and enfacement illusion (Tsakiris, 2008). Moreover, SoO is affected by bottom-up factors (visual, tactile, and proprioception), and also by top-down factors (Synofzik et al., 2008; Tsakiris, 2010). One top-down factor is manipulating the appearance of the rubber hand. For instance, SoO decreases with a swollen (telescopic) and a red-light-illuminated virtual hand (Matamala-Gomez et al., 2020). Furthermore, when a rubber hand with a wound and blood was used in RHI, the pain threshold (Osumi et al., 2014) and pain tolerance (Giummarra et al., 2015) decreased. Similar results were obtained using a virtual hand (Martini et al., 2013; Matamala-Gomez et al., 2020). Thus, top-down factors, such as the appearance of one’s own body, have been shown to affect SoO and pain perception in response to nociceptive stimuli.

Appearance is classified as a “context effect” (Di Blasi et al., 2001). Context effects influence the way the body feels, such as pain (Zou et al., 2016), fatigue (Bottoms et al., 2014), and itch (Bartels et al., 2014). For example, a negative context (e.g., pain, fear) that generates a negative expectation decreases the pain threshold. On the other hand, a positive context (e.g., reassurance) that generates a positive expectation increases the pain threshold. In the context effect, a verbal suggestion is often used because it can change expectations easily and directly (Rossettini et al., 2020). The negative verbal suggestion alone produces a negative context (e.g., pain, fear) and influences body perception, such as decreasing the pain threshold (Colloca et al., 2008; Bajcar et al., 2021). Moreover, context effects are more effective when applying several components collaboratively (Howe et al., 2017; Tinnermann et al., 2017; Olson et al., 2021). Thus, a negative verbal suggestion strongly impacts body perception with a simultaneous negative context appearance (Bublatzky et al., 2019).

Although the context effects using appearance in the RHI and VHI have been widely reported (Tsakiris et al., 2010; Guterstam et al., 2013; Osumi et al., 2014; Martini et al., 2015; Matamala-Gomez et al., 2020), verbal suggestions have rarely been used (Coleshill et al., 2017). For example, context effects like verbal suggestion decreased pain intensity; furthermore, pain intensity was reduced after RHI (Coleshill et al., 2017). However, it is unclear whether verbal suggestion increases pain perception or modulates SoO. In a clinical setting, many patients obtain verbal information from the media and medical professionals (Uritani et al., 2021). The difference in the verbal suggestion content affects pain and psychological outcomes (Louw et al., 2016; Rossettini et al., 2018; Wood and Hendrick, 2019), but the effect on SoO is unclear. Additionally, body illusions such as Virtual reality (VR) have been used as a therapeutic method (Nishigami et al., 2019; Harvie et al., 2020), but there are some problems; SoO toward a virtual body with a positive context appearance does not increase sufficiently, and the degree of SoO differs among individuals (Themelis et al., 2021). In other words, many disorders need to control the degree of illusion to benefit from body illusion. Therefore, if useful verbal suggestions can modulate the degree of illusion, that is, the SoO, it would be meaningful.

The present study aimed to determine the effect of the appearance of a rubber hand with verbal suggestion on SoO and pain threshold in RHI for healthy humans by conducting two experiments. As a preliminary step, in Experiment 1, we examined the effects of the “penetrated nail” appearance (nail) on SoO and heat pain threshold (HPT) relative to the “normal” appearance (normal). Then, in Experiment 2, we examined the effects of the nail rubber hand with verbal suggestions on SoO and HPT, which was the main objective of the experiment. We hypothesized that the nail appearance, which is associated with injury, together with verbal information that causes a fear and pain context, will decrease the SoO and pain threshold during the illusion compared to the control condition, in which verbal suggestions that did not cause fear and pain contexts were used.



EXPERIMENT 1


Materials and Methods


Participants

The inclusion criterion of this study was healthy humans aged between 20 and 39 years. Experiment 1 included 15 healthy participants [6 men, 9 women, 26.8 ± 5.5 years (mean ± SD)]. We calculated the necessary sample size using G*Power: effect size ηp2 = 0.51 (Cohen’s f = 1.02) (Giummarra et al., 2015), α = 0.05, power = 0.80, number of groups = 2, number of measurements = 2, Corr among rep measures = 0.57 (Osumi et al., 2014), and non-sphericity correction ε = 1 (lower limit). The total required sample size was six participants. However, the sample size of standard RHI experiments ranges from 10–20 to 32 (Lane et al., 2017), so the assumed sample size was too small. Thus, we adopted a sample size of n = 15, similar to previous research (Giummarra et al., 2015). We recruited healthy Japanese volunteers aged 20–39 years at Fukuchiyama City Hospital and medical students living in Fukuchiyama City. The exclusion criteria were having a history of psychiatric conditions, neurologic conditions, or chronic pain. Additionally, we excluded participants taking analgesic medication at the time of the experiment. Before the experiment, participants were informed about the experimental procedure, risk of experiments, and compensation. Participants were not informed about the purpose to avoid biased results. Finally, participants provided written consent to participate. The Kio University ethics committee (approval No.: R3-05) and Fukuchiyama City Hospital ethics committee (approval No.: 3-2) approved the study procedures, and the protocol was registered with the UMIN Clinical Trials Registry (UMIN000044233). The experiment was conducted in accordance with the Declaration of Helsinki.



Experimental Set-Up

The participants were asked to sit in a resting position before a table while wearing clothing that exposed their forearms. A wooden box (length 60.0 cm × width 40.0 cm × height 20.0 cm) was placed on the table, and participants placed their left forearm, palm down, on the outer side of the box. Then, the left index finger was positioned at the red mark in the box (Figure 1A), and the table height was adjusted to a comfortable height for the participant (65.0∼79.0 cm). Inside the same horizontal plane, a rubber hand was placed in parallel. The distance between the index finger of the rubber hand and the real hand was 15 cm, and a dark curtain was placed on the horizontal plane of the box so that participants could not see the real hand. We used a normal rubber hand and nail rubber hand in Experiment 1 (Figure 1B). Based on the previous study finding that the appearance of a shaped object penetrating the body is generally considered to induce pain (Ogino et al., 2007), in this present study, we used the nail rubber hand as the appearance that affects pain perception.
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FIGURE 1. Experimental setting (A) and rubber hand (B) used in the experiments. We used a normal rubber hand and a nail rubber hand in Experiment 1. In Experiment 2, we used the nail rubber hand only.


To measure the HPT, a thermal probe was attached to the dorsal side of the left distal forearm (proximal radial styloid process), and a fake thermal probe was attached to the corresponding position of the rubber hand. To measure the electrodermal activity (EDA), two electrodes (Φ2mm) were attached to the palm side of the middle phalanx of the right index and middle fingers. The skin was not pretreated at the attachment site; however, in the case of extremely oily skin, the skin surface was cleaned with alcohol cotton, electrode gel was applied, and electrodes were attached 15 min before the measurements started (Boucsein, 2012). The room temperature was set at approximately 23°C, which is optimal for EDA measurements (Boucsein, 2012). Also, the time of this experiment was between 8:00 and 8:00 p.m. A footswitch was placed at the participant’s right foot to measure the onset time of the illusion (i.e., the time at which participants perceived the rubber hand as their left arm).

The experimenter sat across the table from the participant to apply tactile stimuli to the real and rubber hands using two brushes. We followed the standard RHI procedure (Botvinick and Cohen, 1998; Osumi et al., 2014), with two conditions of tactile stimulation [synchronous stroking condition (synchronous)/asynchronous stroking condition (asynchronous)]. Asynchronous is generally used to block the effects of illusions; that is, it is unlikely that participants feel SoO for the rubber hand. For the tactile stimulation method, we referred to previous studies (Tsakiris and Haggard, 2005; Guterstam et al., 2011). In the synchronous setting, tactile stimuli with synchronized speed and timing were provided to the rubber and real hands. The stimulus rhythm was irregular (500–1000 ms). Conversely, we applied temporally (500–1000 ms) and spatially asynchronous tactile stimuli to the rubber and real hands. Additionally, to reduce the illusion, the positions of the rubber and real hands were slightly mismatched [anatomically, the rubber hand was rotated by 20–30° (Osumi et al., 2014)]. In both conditions, the stimulation site was from the radial-carpal joint on the dorsal side of the left index/middle fingertip.



Procedure

Before the experiment, participants reported their age, sex, educational background (years), handedness [the Edinburgh Handedness Inventory (Oldfield, 1971)], and psychological factors [Hospital Anxiety and Depression Scale (HADS) (Zigmond and Snaith, 1983)] (Supplementary Table 1). Moreover, participants practiced the HPT measurement method and the method of using the footswitch. In Experiment 1, a total of four conditions (normal × synchronous, normal × asynchronous, nail × synchronous, nail × asynchronous), including two rubber hands (normal, nail) and two tactile stimuli (synchronous and asynchronous), were conducted on the same participant. That is, we designed a within-subjects experiment using the within-subjects factor × within-subjects factor. The experimental order was counterbalanced. Between each condition, there was a break (<5 min), during which the participants were instructed to move their left upper limb so that the proprioceptive drift and numbness caused by the RHI would not affect the next condition. Before commencing the RHI, participants were instructed to keep both upper limbs still throughout the experiments and to concentrate on the rubber hand.

The Experiment 1 sequence was based on a previous study (Osumi et al., 2014). It was designed to include the following steps: (1) proprioceptive drift (pre-RHI) measurement (1 min); (2) RHI and EDA measurement (3 min); (3) proprioceptive drift (post-RHI) measurement (1 min); (4) HPT measurement (4 min); and (5) questionnaire and unpleasantness measurement (< 3 min) (Figure 2).
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FIGURE 2. Experiment 1 procedure: (1) proprioceptive drift measurement (pre-RHI); (2) RHI and EDA; (3) proprioceptive drift measurement (post-RHI); (4) HPT measurement; and (5) questionnaire and unpleasantness measurement.




Measurements

In SoO measurements, a questionnaire is used to measure SoO directly, and an indirect objective measure of SoO is generally used (Botvinick and Cohen, 1998; Tsakiris et al., 2010; Guterstam et al., 2011, 2013; Osumi et al., 2014; Giummarra et al., 2015; Lane et al., 2017; Chancel and Ehrsson, 2020). Thus, the questionnaire is a direct subjective measure of SoO. Proprioceptive drift and the electrodermal activity as objective measures of SoO were also used in this study (Chancel and Ehrsson, 2020). Additionally, HPT and the unpleasantness toward rubber hand were measured.



Proprioceptive Drift

This is the objective and spatial measure of SoO (Chancel and Ehrsson, 2020). The participant was examined in the position of the participant’s left index finger. Based on a previous study (Osumi et al., 2014), it was conducted in the following order: (1) the top of the box was covered with a dark curtain so that the rubber and real hands were not visible; (2) the experimenter moved the ruler slowly toward the midline from 20 cm to the left of the participant’s left index finger; and (3) when the participant felt that the ruler was located at a certain position of the left index finger of the real hand, the participant verbally informed the experimenter. The experimenter then recorded the position. Notably, the position of the index finger of the real hand was set at 0 cm, and the displacements toward and opposite the rubber hand were defined as “+” and “–,” respectively.



Electrodermal Activity Measurement Device and Electrodermal Activity

This is the objective and physiological measure of SoO (Chancel and Ehrsson, 2020). Based on a previous study (Braithwaite et al., 2014), we measured the EDA using EDA measurement equipment (EDR-100; Unique Medical, Tokyo, Japan). This equipment measured the skin resistance level/response of the EDA so that the measured value was smaller and sympathetic nerve activity was higher. AD converters and data recording were performed using a PowerLab and LabChart data acquisition system (PowerLab 800S; ADInstruments, Colorado, United States). The sampling frequency was set to 1000 Hz. After confirming that there was no significant shift in EDA, we commenced the measurement using the 60 s before the tactile stimulation as the baseline and measured EDA throughout the 3 min (Experiment 1) or 5 min (Experiment 2) of the RHI. Moreover, for the EDA analysis, we measured the onset time (the time of commencing tactile stimulation to that when the participant perceived the rubber hand as their own) by stepping on a footswitch placed near the foot (Lane et al., 2017). We then calculated ΔEDA, which is the difference between the mean EDA of 30 s before the onset time and that of 30 s before the start of tactile stimulation (baseline). In Experiment 1, the individual ΔEDAs were standardized as z-scores among the conditions and used for statistical analysis (Eimontaite et al., 2013).



Thermal Stimulus Device and Heat Pain Threshold

Heat pain threshold (HPT) was measured using a thermal stimulator (UDH-105; Unique Medical, Tokyo, Japan). Using the method of limits (Osumi et al., 2014), the thermal stimulus started at 32°C, with a 1°C increment per second. Participants were instructed to press the remote control (to stop the temperature increment) by their right hand immediately when they felt pain as a subjective experience. The temperature was recorded as HPT. In each condition, HPT was measured repeatedly four times (every 1 min), and the average value was used for statistical analysis.



Questionnaire

This is a subjective measure of SoO (Chancel and Ehrsson, 2020). The questionnaire comprised ownership (SoO of rubber hand), disownership (sense of disowning the real hand), and control (items unaffected by ILLUSION, namely dummy items) (Guterstam et al., 2011; Lane et al., 2017) (Table 1). The questionnaire was translated into Japanese. Each item was rated on a 7-point Likert scale ranging from -3 (strongly disagree) to + 3 (strongly agree). The mean value in each category was used for statistical analysis.


TABLE 1. The questionnaire consists of nine statements divided into three different categories (ownership, disownership, and control).
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Unpleasantness Toward the Rubber Hand

We evaluated the unpleasantness toward the rubber hand only in the synchronous condition using a numeric rating scale (NRS): 0 (no unpleasantness) to 10 (worst possible unpleasantness) (Osumi et al., 2014). This measured how participants perceived the rubber hand.



Statistical Analysis

Heat pain threshold (HPT) had a normal distribution (Shapiro–Wilk test: p > 0.05), but the sphericity assumption was unmet (Mendoza‘s Multisample Sphericity Test: p = 0.028); therefore, we corrected using the Greenhouse-Geisser ε. Next, a 2 (APPEARANCE: normal or nail) × 2 (ILLUSION: synchronous or asynchronous) repeated measures analysis of variance (ANOVA) was used for HPT.

In the SoO outcomes, because the questionnaire (each sub-item), proprioceptive drift, and onset time did not have a normal distribution (Shapiro–Wilk test: p < 0.05), a 2 (APPEARANCE: normal or nail) × 2 (ILLUSION: synchronous or asynchronous) repeated measures ANOVA was used with aligned rank transform (ART) (Wobbrock et al., 2011). Moreover, the EDA had a normal distribution (Shapiro–Wilk test: p > 0.05), and the sphericity assumption was met (Mendoza’s Multisample Sphericity Test: p > 0.05); therefore, a 2 (APPEARANCE: normal or nail) × 2 (ILLUSION: synchronous or asynchronous) repeated measures ANOVA was used. Notably, participants (n = 5) had an onset time of <30 s; thus, EDA analysis was performed with n = 10, excluding these.

Because unpleasantness did not have a normal distribution (Shapiro–Wilk test: p < 0.05), the Wilcoxon signed-rank test was used. Additionally, the association between HPT and questionnaire ownership was analyzed using Spearman’s rank correlation.

To help with the interaction of the results from this study, effect sizes were calculated based on Cliff’s δ [< 0.147 = negligible, < 0.33 = small, < 0.474 = medium, otherwise = large (Romano et al., 2006)]. The significance level was set at p < 0.05, and R (ver.4.0.0) was used for statistical analysis.




Results


Heat Pain Threshold

ANOVA results showed no interaction between APPEARANCE and ILLUSION [F1,14 = 0.10, p = 0.76, ηp2 = 0.0070; normal × syncronous, 38.76–42.41°C (95% confidence interval); normal × asyncronous, 38.66°C–42.32°C; nail × syncronous, 38.17°C–41.82 °C; nail × asyncronous, 38.21°C–41.87 °C]. There was also no main effect of APPEARANCE (normal vs. nail: F1,14 = 1.33, p = 0.27, ηp2 = 0.087) or ILLUSION (synchronous vs. asynchronous: F1,14 = 0.02, p = 0.90, ηp2 = 0.0012) (Figure 3A).
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FIGURE 3. HPT (A), questionnaire (B), EDA (C), proprioceptive drift (D), and unpleasantness (E) in Experiment 1.




Questionnaire

Concerning ownership, ANOVA using ART showed no interaction between ILLUSION and APPEARANCE (F1,42 = 1.26, p = 0.27, ηp2 = 0.029). There was also a significant main effect of ILLUSION (F1,42 = 42.78, p < 0.001, ηp2 = 0.51), which was higher during synchronous tactile stimuli than during asynchronous tactile stimuli, but not main effect of APPEARANCE (F1,42 = 1.25, p = 0.29, ηp2 = 0.027) (Figure 3B).

Regarding disownership, ANOVA using ART showed no interaction between ILLUSION and APPEARANCE (F1,42 = 0.016, p = 0.90, ηp2 < 0.001). There was also a significant main effect of ILLUSION (F1,42 = 33.42, p < 0.001, ηp2 = 0.44), which was higher during synchronous tactile stimuli than during asynchronous tactile stimuli, but not the main effect of APPEARANCE (F1,42 = 0.10, p = 0.75, ηp2 = 0.0024) (Figure 3B).

Concerning the control, ANOVA using ART showed no interaction between ILLUSION and APPEARANCE (F1,42 = 0.61, p = 0.44, ηp2 = 0.014). In addition, there was a significant main effect of ILLUSION (F1,42 = 9.21, p = 0.0041, ηp2 = 0.18; see Limitations in Discussion), which was higher during synchronous tactile stimuli than during asynchronous tactile stimuli, but not the main effect of APPEARANCE (F1,42 = 1.64, p = 0.21, ηp2 = 0.038) (Figure 3B).



Electrodermal Activity

Regarding EDA, there was no interaction between ILLUSION and APPEARANCE (F1,27 = 1.72, p = 0.20, ηp2 = 0.060). There was a significant main effect of APPEARANCE (F1,27 = 10.33, p = 0.0034, ηp2 = 0.28) that was lower (i.e., increasing activity of sympathetic nerve) on the nail rubber hand than the normal rubber hand, but there was no main effect of ILLUSION (F1,27 = 0.73, p = 0.40, ηp2 = 0.026) (Figure 3C).

Notably, the onset time was used for this EDA analysis, and there was a significant main effect of ILLUSION (p < 0.001). There was no main effect for APPEARANCE and no interaction between ILLUSION and APPEARANCE.



Proprioceptive Drift

There was no interaction between ILLUSION and APPEARANCE (F1,42 = 0.35, p = 0.56, ηp2 = 0.0082) (Figure 3D). There was a significant main effect of ILLUSION (F1,42 = 60.21, p < 0.001, ηp2 = 0.59), which was longer during synchronous tactile stimuli than asynchronous tactile stimuli and APPEARANCE (F1,42 = 4.34, p = 0.043, ηp2 = 0.094), which was as longer on the nail rubber hand than the normal rubber hand (Figure 3D).



Unpleasantness

There was no significant difference between the normal and nail conditions [V = 54, p = 0.071, Cliff’s δ = 0.34; normal, 2.3 ± 0.64 (mean ± SE); nail, 3.4 ± 0.48] (Figure 3E).



Relationship Between Heat Pain Threshold and Ownership of Questionnaire

The data showed no significant correlation between HPT and ownership in normal × synchronous (rs = 0.16, p = 0.57), normal × asynchronous (rs = –0.092, p = 0.74), nail × synchronous (rs = –0.17, p = 0.55), and nail × asynchronous (rs = –0.17, p = 0.55) (Figure 4).
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FIGURE 4. Relationship between ownership of questionnaire and HPT in Experiment 1 (A,B).





Brief Discussion

In Experiment 1, we examined the conditions of SoO and HPT when only the nail rubber hand was used relative to the normal rubber hand. The results showed that the questionnaire and HPT for the nail rubber hand might be no different than those for the normal rubber hand. Furthermore, the EDA increased with the appearance of the nail rubber hand regardless of the RHI. This result may reflect the emotional response to nail appearance.

In the results of proprioceptive drift, there are two possible reasons for the larger effect of the nail rubber hand relative to the normal rubber hand. The first is the effect of the emotional response described above. The emotional response during the RHI increases the proprioceptive drift (Engelen et al., 2017). The second is the effect of spatial congruence between blood on the nail rubber hand and the thermal probe on the real hand. People associate color and temperature with each other, such as red with warmth or blue with cold (Bennett and Rey, 1972). In the RHI and VHI, red light on a rubber hand and warmth by thermal prove on the real hand promote the illusion (Trojan et al., 2018; Cordier et al., 2020). In this study, we believe that the spatial consistency of the blood and thermal probes increased the proprioceptive drift, which is a spatial factor.

Next, in Experiment 2, we examined the effect of adding verbal information to the nail rubber hand, which has no change in subjective factors, such as questionnaire and HPT.




EXPERIMENT 2


Materials and Methods


Participants

Experiment 2 included 30 healthy participants different from those in Experiment 1. Because there was no proper previous study, the effect size was estimated to be moderate (Cohen, 1992). The sample size was calculated using G*Power: effect size f = 0.25 as medium effect size (Cohen, 1992), α = 0.05, power = 0.80, number of groups = 2, number of measurements = 2, Corr among rep measures = 0.57, Nosphericity correction ε = 1. A total of 30 participants were required. The recruitment of participants, inclusion and exclusion criteria, explanation before the experiment, and ethical statements are identical to Experiment 1.



Experimental Set-Up

We employed an identical setup to Experiment 1. However, in Experiment 2, we used only the nail rubber hand and excluded the normal rubber hand.



Procedure

In Experiment 2, we modified four points of the experimental procedure from Experiment 1. All other procedures were identical to Experiment 1.

First, we designed a within-between-subjects experiment. As a between-subjects factor, participants were randomly allocated one of two verbal suggestions: (1) fear verbal suggestion condition [fear group n = 15: 5 men, 10 women, 27.5 ± 4.4 years (mean ± SD)]; (2) no-fear verbal suggestion (no-fear group n = 15: 6 men, 9 women, 26.0 ± 4.5 years). As a within-subjects factor, two types of tactile stimuli (synchronous and asynchronous) were used. Notably, there was no significant difference between the no-fear and fear groups regarding age, sex, educational background, handedness, and psychological factors (HADS: total, anxiety, depression) (p > 0.05) (Supplementary Table 1).

Second, before the RHI, participants were provided verbal information (i.e., verbal suggestion) that either caused or did not cause a fear context (Figure 5). A fear verbal suggestion (fear) and no fear verbal suggestion (no fear) were used to create or avoid feelings of fear toward the nail rubber hand, respectively. Verbal suggestions that described a nail rubber hand scenario using everyday words were created by the author (TT) and consisted of approximately 280 Japanese characters each. Before use in the experiment, we conducted a pilot survey to determine whether the suggestions caused feelings of fear in another 20 healthy participants [12 men, 8 women, 27.8 ± 4.2 years (mean ± SD)]. When reading and imagining the verbal suggestions on the paper, they answered the degree of fear using an NRS: 0 (no fear) to 10 (worst fear imaginable). The result showed that the fear verbal suggestion was significantly more fearful [Wilcoxon signed-rank test: p < 0.001, fear, 7.6 ± 0.4 (mean ± SE) vs. no-fear, 1.1 ± 0.5]. Initially, the verbal suggestion was read aloud by the experimenter. To facilitate understanding, participants were also presented with written text. After being presented with either verbal suggestion (fear or no-fear), participants were presented with a nail rubber hand and informed that “This (the rubber hand) is a reproduction of the left arm” Therefore, we initiated the RHI.


[image: image]

FIGURE 5. Experiment 2 procedure: (1) verbal suggestion; (2) RHI and EDA measurement; (3) HPT measurement; (4) questionnaire and unpleasantness measurement [(B) Top]. Verbal suggestion: fear verbal suggestion (fear) and no-fear verbal suggestion (no-fear) comprised approximately 280 Japanese characters each [(B) Bottom].


Third, we were interested in subjective measures of SoO (i.e., questionnaires) and HPT; thus, proprioceptive drift was not conducted in Experiment 2. This is because we contend that measuring the proprioceptive drift would reduce the degree of illusion (Perepelkina et al., 2018; Pfister et al., 2021) and might affect the evaluation of the HPT.

Fourth, the RHI was extended from 3 to 5 min. RHI reportedly increases with time (Perepelkina et al., 2018; Pfister et al., 2021). Thus, to measure the HPT under the condition of heightened illusion, we extended the duration of the RHI.

Therefore, the experimental sequence was designed to include the following steps: (1) verbal suggestion (3 min), (2) RHI and EDA measurement (5 min), (3) HPT measurement (4 min), and (5) questionnaire and unpleasantness measurement (< 3 min) (Figure 5).



Measurement

The measurements were based on Experiment 1. However, regarding the data analysis method, in Experiment 2, we used raw ΔEDA for statistical analysis, but not z-scores. This is because the same participant was measured twice, and standardization by z-score between conditions was not possible.



Statistical Analysis

The HPT was normally distributed (Shapiro–Wilk test: p > 0.05) and met the sphericity assumption (Mendoza’s Multisample Sphericity Test: p = 0.69). Thus, a 2 (VERBAL: no-fear or fear) × 2 (ILLUSION: synchronous or asynchronous) between-subjects factor × within-subjects factor two-way ANOVA was used.

The questionnaire (each sub-item) and EDA (and onset time) did not have a normal distribution (Shapiro–Wilk test: p < 0.05); therefore, we used 2 (VERBAL: no-fear or fear) × 2 (ILLUSION: synchronous or asynchronous) ANOVA using ART. When an interaction was calculated, the Mann–Whitney U test (Bonferroni adjusted) was performed as a post hoc test. Notably, participants (fear group, n = 4; no-fear group, n = 3) had an onset time of < 30 s; thus, EDA analysis was performed with n = 12 (no-fear group) and n = 11 (fear group), excluding these.

Because unpleasantness did not have a normal distribution (Shapiro–Wilk test: p < 0.05), the Mann–Whitney U test was used. In addition, the association between HPT and questionnaire ownership was analyzed using Spearman’s rank correlation.

To clarify the interaction of the results from this study, effect sizes were calculated based on Cliff’s δ [< 0.147 = negligible, < 0.33 = small, < 0.474 = medium, otherwise = large (Romano et al., 2006)]. The significance level was set at p < 0.05, and R (ver.4.0.0) was used for statistical analysis.




Results


Heat Pain Threshold

ANOVA results showed no interaction between VERBAL and ILLUSION [F1,28 = 0.17, p = 0.69, ηp2 = 0.0059; no-fear × syncronous, 39.15–42.99°C (95% confidence interval); no-fear × asyncronous, 39.43–43.27°C; fear × syncronous, 37.93–41.77°C; fear × asyncronous, 38.41–42.25°C]. There was also no main effect of VERBAL (fear vs. no-fear: F1,28 = 0.74, p = 0.40, ηp2 = 0.026) or ILLUSION (synchronous vs. asynchronous: F1,28 = 2.32, p = 0.14, ηp2 = 0.076) (Figure 6A).
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FIGURE 6. HPT (A), questionnaire (B), EDA (C), and unpleasantness (D) in Experiment 2.




Questionnaire

Regarding ownership, two-way ANOVA using ART showed no interaction between ILLUSION and VERBAL (F1,28 = 2.56, p = 0.12, ηp2 = 0.084). There was also a significant main effect of ILLUSION (F1,28 = 48.40, p < 0.001, ηp2 = 0.63), which was higher during synchronous tactile stimuli than during asynchronous tactile stimuli, but not the main effect of VERBAL (F1,28 = 0.78, p = 0.39, ηp2 = 0.027) (Figure 6B).

Regarding disownership, two-way ANOVA using ART showed a significant interaction between ILLUSION and VERBAL (F1,28 = 4.86, p = 0.036, ηp2 = 0.15). The post hoc test revealed a significant difference between synchronous and asynchronous conditions under fear (p = 0.017), which was higher during synchronous than asynchronous conditions. There was also a significant main effect of ILLUSION (F1,28 = 22.42, p < 0.001, ηp2 = 0.45), which was higher during synchronous tactile stimuli than during asynchronous tactile stimuli, but not the main effect of VERBAL (F1,28 = 0.018, p = 0.29, ηp2 < 0.001) (Figure 6B).

Concerning the control, two-way ANOVA using ART showed no interaction between ILLUSION and VERBAL (F1,28 = 0.91, p = 0.35, ηp2 = 0.032). In addition, there was no main effect of ILLUSION (F1,28 = 2.01, p = 0.17, ηp2 = 0.067) or VERBAL (F1,28 = 0.20, p = 0.66, ηp2 = 0.0072) (Figure 6B).



Electrodermal Activity

There was no interaction between ILLUSION and VERBAL (F1,21 = 0.31, p = 0.59, ηp2 = 0.014). There was a significant main effect of ILLUSION (F1,21 = 9.55, p = 0.0056, ηp2 = 0.24), which was lower (i.e., increasing activity of sympathetic nerve) on synchronous tactile stimuli than asynchronous tactile stimuli, but not the main effect of VERBAL (F1,21 = 0.16, p = 0.69, ηp2 = 0.0078) (Figure 6C).

Notably, the onset time was used for this EDA analysis, and there was a significant main effect of ILLUSION (p < 0.001). There was no main effect for VERBAL and no interaction between ILLUSION and VERBAL in Experiment 2.



Unpleasantness

There was no significant difference between no-fear and fear [U = 83.5, p-value = 0.2338, Cliff’s δ = 0.26; no-fear, 3.2 ± 0.60 (mean ± SE); fear, 4.5 ± 0.87] (Figure 6D).



Relationship Between Heat Pain Threshold and Ownership of Questionnaire

The data showed a significant negative correlation between HPT and ownership in fear × synchronous (rs = –0.57, p = 0.025), but not for fear × asynchronous (rs = –0.38, p = 0.17), no-fear × synchronous (rs = –0.23, p = 0.41), and no-fear × asynchronous (rs = 0.032, p = 0.91) (Figure 7).
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FIGURE 7. Relationship between ownership of questionnaire and HPT in Experiment 2 (A,B).






DISCUSSION

This study aimed to determine the effect of rubber hand appearance with verbal suggestion on SoO and pain threshold in RHI. We hypothesized that the nail appearance with the fear verbal suggestion during the synchronous condition would reduce SoO and HPT relative to the no-fear verbal suggestion. Contrary to the hypothesis, the presentation of fear verbal suggestions did not decrease SoO and HPT during the synchronous condition. Conversely, fear verbal suggestions during the synchronous condition produced higher disownership in the questionnaire. Moreover, correlation analysis revealed, that when presenting the fear verbal suggestion during the synchronous condition, the higher the SoO toward the nail rubber hand, the lower the HPT. These correlations and higher disownership may show that context effect by fear verbal suggestion as a higher cognitive process modulates multisensory integration; “context-included multisensory integration (CIMI)” by verbal suggestion may affect the subjective measures such as questionnaire and HPT.

In the RHI, visual information (see rubber hand position) suppresses proprioceptive information (perceive real hand position), causing the SoO of the rubber hand to increase, whereas the SoO of the real hand decreases (Limanowski, 2021). Thus, ownership and disownership are two sides of the same coin in the questionnaire. In this study, the inconsistency between ownership and disownership, that is, the fear verbal suggestion with the nail rubber hand increased disownership, but not ownership, during the synchronous condition. This may be affected by the measurement method. Regarding the RHI, the SoO toward the rubber hand first increases after the onset of RHI, and that toward the real hand decreases with delay (Lane et al., 2017). Accordingly, disownership was lower than ownership when scored by the Likert scale (Lane et al., 2017). In Experiment 1, ownership had already increased to some extent by nail appearance alone in the synchronous condition. Thus, in Experiment 2, the context effect by fear verbal suggestion was not reflected in ownership. However, in Experiment 1, disownership was not sufficiently increased by nail appearance alone during the synchronous condition. Thus, in Experiment 2, the context effect by fear verbal suggestions was reflected in disownership. As described, although the context effect by fear verbal suggestion was not reflected in ownership by this measuring method, it was shown to affect a part of the subjective measures of SoO, supporting the concept that SoO is affected by the top-down factor (Synofzik et al., 2008; Tsakiris, 2010).

The effect of the top-down factor on SoO in body illusion has been well reported as a correlation between subjective measures (Nierula et al., 2017; Matamala-Gomez et al., 2019, 2020; Ma et al., 2021). In Experiments 1 and 2, a significant correlation between HPT and ownership of the questionnaire was found only when presenting the fear verbal suggestion during the synchronous condition. When the top-down factors are presented, there was a strong correlation between the subjective measure in the VHI (Ma et al., 2021). Additionally, in body illusion using negative context appearance (Nierula et al., 2017; Matamala-Gomez et al., 2019, 2020), the questionnaire and HPT were negatively correlated. In this study, combining the fact that various personal factors (e.g., personality) influence the susceptibility to context effect (Corsi and Colloca, 2017; Kern et al., 2020), it can be interpreted that the fear context by a fear verbal suggestion influenced subjective measures in body illusion and the degree of influence was individually different. The participants who were more sensitive to the fear context by a fear verbal suggestion showed a higher SoO toward the nail rubber hand and had lower HPT. Alternatively, the less sensitive participants showed lower SoO and higher HPT. In summary, there may be individual differences in CIMI by verbal suggestion, and the effect may appear in the subjective measures.

However, no effect of verbal suggestion was found in the EDA results. The inconsistency between the subjective measures and objective measures was reported in body illusion studies (Riemer et al., 2015; Chancel and Ehrsson, 2020; Ma et al., 2021). Additionally, the context has been reported to affect only subjective measures, not objective ones (Benedetti et al., 2003; Peerdeman et al., 2015). Thus, the effect of adding context by verbal suggestion, which is a higher cognitive process during RHI, that is, CIMI may be more likely to affect subjective measures of SoO.

Notably, the disownership of the questionnaire and correlation results showed that the fear verbal suggestion, not a no-fear verbal suggestion, modulates the subjective measures of SoO. In other words, only the fear context caused by verbal suggestion modulated multisensory integration. This is because both fear verbal suggestion and nail appearance have the same elements that produce negative contexts, such as fear and pain. In the context effect, previous studies reported that the effect becomes stronger when the same components are combined (Sessa et al., 2014; Meconi et al., 2018; Bublatzky et al., 2019, 2020). Thus, we believe that the contextual congruence between appearance and verbal suggestion may promote self-consciousness-related multisensory integration.

Despite the significant findings, this study had some limitations. First, notably, the within-between-subjects design was adopted in Experiment 2, and Experiment 1 and Experiment 2 used different participants. Thus, the effects of individual differences in pain threshold and SoO may be related to the results obtained in this study. Second, unlike the previous study (Osumi et al., 2014; Giummarra et al., 2015), in Experiment 1, the nail appearance affected only objective factors, not subjective factors. Therefore, if it is true that context effects have a higher cognitive process influence on subjective measures, the nail appearance may have had a stronger effect by the bottom-up factors, such as vision and proprioception, than the context effect as a top-down factor. Third, in Experiment 1, there was a significant main effect of ILLUSION on the control in the questionnaire. However, control items tended to have smaller differences between synchronous and asynchronous conditions relative to other items (i.e., ownership and disownership) in Experiment 1. Additionally, the effect size was smaller than the other items. In a previous study, there was a significant main effect of ILLUSION in several control items (Fiorio et al., 2011). Additionally, the median value of control items was approximately one point higher in the synchronous condition than in the asynchronous condition (Kalckert et al., 2019). This was consistent with our results and did not cause major problems in interpreting the results.



CLINICAL APPLICATIONS

In clinical studies, pain (Hirakawa et al., 2014; Ten Brink et al., 2021) and mental disorders (Ataria, 2015) have been reported to have lower SoO. Furthermore, persistently decreasing SoO may interfere with recovery. Based on this present result, verbal suggestions (e.g., patient education, patient–practitioner communication) to such disorders may be able to increase their SoO. However, it remains unclear whether a fear context-specific verbal suggestion or verbal suggestion that generates the same context as body appearance is responsible for this effect.

In recent years, the rehabilitation of pain disorders using VR has been produced. Moreover, the use of VR that depicts a positive context for the body, such as muscular appearance (Nishigami et al., 2019), boxers (Harvie et al., 2020), and American comic characters (Harvie et al., 2020), can reduce pain. However, SoO is not sufficiently induced in the body in such VR (Themelis et al., 2021). Thus, adding verbal information to explain the situation and creating a narrative may facilitate multisensory integration and improve SoO.



CONCLUSION

The context effect using fear verbal suggestion modulated subjective measure of SoO and HPT during RHI with the nail rubber hand. Because it is the multisensory integration included context as a higher cognitive process, it may affect the subjective factors, not objective ones. These findings provide fundamental insight into the fact that verbal information, which is used casually in clinical settings, can also affect the way the body feels. Additionally, it may apply to rehabilitation using VR, and further research should be conducted in the future.
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