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Objective: Although manual pressure, such as that used during a massage, is often associated with pain, it can simultaneously be perceived as pleasant when applied to certain body areas. We hypothesized that stimulation of myofascial trigger points (TPs) leads to simultaneous pain and pleasure. TPs are hyperirritable points located in the taut band of the skeletal muscle.

Method: In this study, we measured the muscle tone, muscle stiffness, and pressure pain threshold of TPs and control points in the left brachioradialis muscle of 48 healthy participants. We also applied deep compression to the two points and collected subjective data on pain, pleasantness, unpleasantness, and relief.

Result: Greater muscle stiffness was observed in the TPs versus control points (t = 6.55, p < 0.001), and the pain threshold was significantly lower in the TPs (t = −6.21, p < 0.001). Unpleasantness ratings after deep compression were significantly lower in the TPs compared with control points (t = −2.68, p < 0.05). Participants experienced greater relief at the TPs compared with control points (t = 2.01, p < 0.05), although the perceived pain did not differ between the two types of points.

Conclusion: We compared the properties of TPs and control points, and found that deep compression at TPs was associated with higher muscle tone and stiffness, lower unpleasantness ratings, and higher relief ratings compared with the control points. These findings suggest that, at least for some TPs, pain and pleasantness are simultaneously elicited by deep pressure stimulation.
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1. Introduction

Pain and pleasantness are generally considered incompatible states. The International Association for the Study of Pain defined pain as “an unpleasant sensory and emotional experience associated with, or resembling that associated with, actual or potential tissue damage” (Raja et al., 2020). That is to say, pain generally signifies unpleasantness, so the concept of “pleasant pain,” i.e., the pleasantness of a painful experience, may appear to be a paradox. However, a previous study demonstrated that pain could be pleasant when elicited in the context of relative relief (Leknes et al., 2013). Another study involving participants who were aware that acupuncture can have therapeutic effects showed that some participants experienced the sensation of acupuncture as pleasant (Takakura et al., 2013). In addition, even when pain is part of the experience, people tend to perceive manual pressure, such as massage, as simultaneously pleasant when applied to specific body areas (Mackenzie, 2009).

Deep pressure is involved in various forms of social touch, such as hugging and handholding, and can be applied in manual treatments such as massage. Both massage and social touch have been shown to reduce stress and pain (Suresh et al., 2008; Field, 2019). Previous researches have reported that moderate pressure massage is more effective than light pressure massage for decreasing anxiety, heart rate, and stretch reflex, as well as the electroencephalogram relaxation response (Lidbeck, 2002; Diego et al., 2004; Field, 2014). Furthermore, a study with healthy subjects showed that participants reported pleasure during deep compression (Case et al., 2021). Specifically, brain activation during deep compression was similar to that during C-tactile touch (a tactile experience hypothesized to convey pleasant emotions), indicating that the affective aspects of deep pressure may be reliant on the social context (Pawling et al., 2017; Case et al., 2021). During a back massage, amygdala and basal forebrain blood flow changes were associated with a reduction in heart rate (Ouchi et al., 2006).

Myofascial trigger points (TPs) are hyperirritable spots usually found in the taut band of skeletal muscle or fascia, that can cause referred pain through compression (Lavelle et al., 2007). Previous studies have reported lower pressure pain thresholds (PPTs) and higher muscle stiffness in TPs compared with adjacent muscle areas (Hong, 1998; Grabowski et al., 2018). Manual therapies such as ischemic compression and massage can be effective for treating TPs (Fernández-de-las-Peñas et al., 2005). Ischemic compression is administered by increasing deep pressure on the TPs until the maximum tolerable level of pain has been reached (Cagnie et al., 2013). Ischemic compression increased the PPT, range of motion, and blood flow at the TP, and reduced subjective pain (Fernández-de-las-Peñas et al., 2006; Moraska et al., 2013; Cagnie et al., 2015; Moraska et al., 2017). Although various studies have characterized and examined the treatment of TPs, the emotional responses elicited by the application of deep pressure on TPs have not been described.

The aim of this study was to determine whether painful deep pressure was more pleasurable at TPs compared with control points. We hypothesized that TPs would be related to pleasant pain, as these are the areas where people often voluntarily seek pressure application, even though the experience is painful. Thus, we compared TPs and control points in terms of muscle tone, muscle stiffness, and PPTs. To test our hypotheses, we measured subjective ratings of pleasantness, unpleasantness, and relief after manual deep pressure in both TPs and control points.



2. Methods


2.1. Participants

Forty-eight healthy right-handed participants (26 females) were recruited through an online advertisement entitled “A study investigating the tactile/emotional/physical properties of trigger points.” In order to control for potential differences in muscle properties and brain lateralization related to hand dominance, we included right-handed participants for this study and a follow-up functional magnetic resonance imaging (fMRI) study. The exclusion critieria were as follows: body mass index (BMI) < 18.5 or > 25 kg/m2; psychological or psychiatric disorders, vascular disorders, epilepsy, dementia, substance dependence, previous history of brain surgery; cognitive impairment; skin pathologies or sensory abnormalities; and doctors of Korean Medicine or students majoring in Korean Medicine (to exclude participants who had formal knowledge of acupuncture points and TPs). All participants provided written informed consent prior to the study, which was conducted in accordance with guidelines issued by the Human Subjects Committee and approved by the Institutional Review Board of Kyung Hee University, Seoul, Republic of Korea (approval number: KHSIRB-21-243).

As this research is a pilot study, we did not have reference to estimate the effect size. We estimated 48 participants by sample size calculations through power analysis with power level of 90% to detect an estimated effect size of d = 0.5, also accounting for a 10% of data loss.



2.2. Experimental design

This randomized, double-blind, crossover study was designed to compare psychophysical responses after deep pressure between TPs and control points in the left brachioradialis muscle. The study was conducted from August 2021 through September 2021. The study took place over 1 day for each participant and was conducted at the Korean Medicine Department of Kyung Hee University. On arrival, the participants received an explanation of the study procedure. After enrollment, we used an Excel random number generator to randomly assign each participant to either the type A (TP first) or type B (control point first) group. This was done to counterbalance the order of the two conditions. The study was conducted in the following order: questionnaire and baseline measures; identification of TP and control point; analysis of muscle properties; measurement of PPT; deep compression; and subjective ratings of deep compression. The participants were asked to sit on a chair with their left elbow flexed at nearly 90°, the lateral side of their left forearm facing up, and the medial side of their forearm gently resting on a table. Each participant maintained this position with their arm relaxed throughout the study. The experimental procedure is depicted in Figure 1.
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FIGURE 1
 Experimental procedure. (A) Identification of the TP and control point in the brachioradialis muscle. A doctor of Korean Medicine detected the TP and control point in the left brachioradialis muscle of each participant, and marked the points with a circle or cross according to the subject group. (B) Assessment of the TP and control point: muscle properties and pressure pain threshold. Subsequently, an independent assessor measured muscle tone and stiffness in the two areas using the Myoton PRO device (Myoton AS) and assessed the pressure pain threshold using a digital force gage. (C) Deep compression at the TP and control point. Deep compression was applied to the two areas via the assessor’s right thumb. A force sensor was placed between the participant’s skin and the assessor’s thumb to monitor real-time pressure data using the UNO device (Arduino) and Matlab R2020a (MathWorks). Compression was gradually increased until the participant perceived moderate pain, at which point they immediately rang a bell with their right hand; the assessor then stopped increasing the pressure and maintained it for 12 s. The line graph (left) inside the monitor is an example of pressure monitoring during the trial, and the other line graph (right) shows the mean pressure values (blue line) and with standard error (gray shaded area). Following this procedure, the participants were asked to provide subjective ratings of pain, unpleasantness, pleasantness, and relief for each form of deep compression. The figure was created with BioRender (www.biorender.com).


We have selected the brachioradialis muscle as the target muscle among the many muscles in the body that have latent TPs. First of all, we did not want to incite unfavorable emotions in the participant through physical contact from the experimenter, who will be a stranger to them, as the emotional responses are crucial reports in this study. A quantified map illustrating where social touch is permitted in each body region depending on the relationship was published in a previous cross-country study. This study suggests that an emotionally distant person tends to only touch you in the arm and hand regions, so we looked for a muscle that corresponds to these regions (Suvilehto et al., 2015). In particular, the brachioradialis muscle was chosen because it can exert deep pressure in experimental settings and during fMRI scanning. Additionally, both healthy participants and participants with lateral epicondylitis were found to have a high prevalence of trigger points in the brachioradialis muscle. According to Aggarwal et al., among the brachioradialis, triceps brachii, supinator, and extensor carpi radialis brevis muscles in patients with Lateral Epicondylitis, the brachioradialis muscle was the area with the highest prevalence of trigger points (Aggarwal et al., 2020). All of the recruited adult participants also had a latent trigger point in the brachioradialis muscle, according to another study on healthy subjects. As a result of its advantages in terms of location and high prevalence, we decided to use the brachioradialis muscle (Kao et al., 2007).



2.3. Questionnaire and baseline measures

The participants completed the Social Touch Questionnaire (STQ) (Vieira et al., 2016). To measure subjective pain in the forearm, we asked the participants to rate their pain using a visual analog scale (VAS; 0–10 cm). Additionally, the participants were asked whether they had previously experienced a massage, and how they felt about it if yes (VAS; −5 to +5 cm; −5 = most negative and + 5 = most positive). We measured the percentage of fat and muscle quality in the under-arm area of each participant’s left forearm using the SKULPT device (Skulpt, San Francisco, CA, United States).



2.4. Identification of trigger and control points

A researcher with a Korean Medicine doctor’s license and over 5 years of clinical experience (H.M.) identified the TPs and control points in the left brachioradialis muscle. The TPs were identified based on criteria for discriminating latent myofascial TPs used in a previous study (Albin et al., 2020). TPs were selected in areas with a taut band and hypersensitive spot. Several potential TPs were identified via palpation and then compressed.

Each participant was asked to express their pain verbally during compression to assess the hypersensitivity of the points. Subsequently, control points were selected in areas without a taut band, and with no hypersensitivity, located 2 cm from TP points. In most cases, the TP was close to acupoint LI10 and the control point was medial to the TP.

The control points were determined in an area within 2 cm of the TP. We wanted to explore the distinct characteristics of TP in terms of muscle properties and emotional response during deep pressure compression. We decided to locate the control point in an adjacent area within the same muscle, so that we can control other differences between the two points. The within 2 cm criteria was empirically set within researchers as we agreed that it was enough distance within the same muscle and distance from the TP and also we followed similar previous studies criteria uses 1–2 cm distance from the TP to find the control (Ibarra et al., 2011). We demonstrated the spatial patterns of muscle stiffness over the region of interest over brachioradialis muscle (Supplementary Figures).

The assessor was kept in a separate room until the identification of the TP and control was complete in order to achieve blind assessment. In order to prevent the assessor from recognizing the points, the identified points were additionally marked with a circle (○) or cross (+) using a skin marker (TP and control point, respectively, for type A participants, and vice versa for the type B participants), so that the points cannot be recognized by the assessor. We standardized the protocol so that every assessment was carried out in the same order, with the circle always being completed before the cross.



2.5. Deep compression on trigger and control points

All participants received deep compression on both areas (the area marked with a circle first followed by the area marked with a cross). Deep pressure was applied through the assessor’s thumb until the participant perceived moderate pain. The participant immediately rang a bell with their right hand when they perceived moderate pain, which signaled to the assessor to stop increasing pressure and maintain the same level thereof for 12 s. To confirm an even increase in pressure and maintain the pressure corresponding to a moderate pain level for 12 s, we monitored the pressure using a digital pressure sensor consisting of the UNO device (Arduino®, New York, NY, United States), a force-sensitive resistor (FSR402; Interlink Electronics, Camarillo, CA, United States), and Simulink software (MathWorks, Natick, MA, United States). The thin sensor of the force-sensitive resistor was placed directly under the assessor’s thumb. During compression, pressure was delivered to the sensor, which decreased the resistance. To measure the force, the resistance was calculated as an output voltage.

Deep compression was applied to both areas -first to the area with a circle, then to the area with a cross-on all participants. For both TP and control point, we applied deep pressure until the participant felt moderate pain in order to achieve our goal to create a similar level of pain perception.



2.6. Assessment of muscle properties and pressure pain threshold

After the points had been marked, another researcher (S.L.) evaluated the physical properties of the TP and control point. The assessor measured the muscle quality in each area using the Myoton PRO device (Myoton AS, Tallinn, Estonia), starting with the circle marker, which indicated the TP for group A and control point for group B. When the thin probe of the Myoton PRO was positioned over each area perpendicularly with slight compression (0.18 N), the device delivered a weak force (0.4 N) for 15 ms, which damped natural oscillation in the underlying tissue. The device software measures the tissue response and calculates the viscoelastic properties (Schneider et al., 2015). As the assessor conducted the measurement, the researcher who identified the TP recorded the average muscle tone, stiffness, elasticity, relaxation, and creep values shown on the screen of the Myoton PRO.

We recorded muscle tone and muscle stiffness of all participants. Muscle tone (Hz) is characterized as the intrinsic state of resting tension without voluntary contraction and represents the natural oscillation frequency (Bailey et al., 2013). The muscle’s resistance to an applied deforming force is measured by its stiffness (N/m; Agyapong-Badu et al., 2013). We recorded both indices to measure both tension and tissue resistance of TP and control since multiple studies using myotonography on TP have shown increased muscle tone and stiffness compared to non-TPs.

To assess the pain sensitivity at each point, a digital force gage (Yueqing ALIYIQI Instrument Co., Zhejiang, China) was used to measure the PPT of the TP and control point. The assessor placed the probe of the device on each point on the left forearm and increased the pressure constantly until the participant initially felt a moderate level of pain (numeric rating scale score of 4 out of 10) and rang the bell positioned by their right hand. The final pressure was documented by the researcher, and the participant was asked to rate the pain they felt during the measurement using a VAS (0–10 cm). The participants were asked to remember the sensation felt during this procedure and consider it to correspond to ‘moderate’ pain during the rest of the study.



2.7. Psychophysical measurements after deep compression

To measure the psychophysical response to deep compression, we asked the participants to fill out a questionnaire pertaining to their subjective responses immediately after each compression trial. They reported how they felt during the deep compression of each TP and control point. The subjective responses included pain, pleasantness, unpleasantness, and relief of pain. The responses were recorded using a VAS (0–10 cm; 0 = none and 10 = the highest possible amount).



2.8. Preference and blinding of the TP and control point

After the participants had provided their subjective responses, they were asked to choose “which point (TP or control point) produced a sensation that was preferable during deep compression.” Additionally, we assessed whether participant blinding was achieved via a brief interview. At the end of the task, we asked the participants if they knew “which point was the TP and which point was the control.” If they said no, we asked them to guess which marked area was the TP.



2.9. Statistical analysis

To compare the physical properties and responses to deep compression between the TP and control point, we used a paired t-test for the muscle tone and stiffness values, PPT, and subjective responses (as measured by the VAS). A paired t-test was also performed to examine the order effect. Here, we report the 95% confidence intervals (CIs) for the differences in means. The effect size was measured using Cohen’s d, with |d| < 0.2 considered negligible, |d| < 0.5 considered small, |d| < 0.8 considered moderate, and all other values considered large (Cohen, 1992). To determine whether participant preferences significantly differed from the chance level, we applied the chi-square goodness of fit test. Preprocessing of the Arduino pressure values was conducted using Matlab R2020a software (MathWorks). For the statistical analyses, we used the rstatix and ggpubr packages in R (version 4.0.3; https://www.R-project.org/). Unless stated otherwise, all values are reported as means ± standard errors. p-values <0.05 were considered statistically significant.




3. Results


3.1. Baseline characteristics

The baseline characteristics of the participants are presented in Table 1. Paired t-tests were applied to test for order effects and analyze all subjective ratings (pain, unpleasantness, pleasantness, relief). We found no significant differences between group A (TP first) and group B (control point first) (p > 0.05).



TABLE 1 Characteristics of participants.
[image: Table1]



3.2. Properties of TPs and control points

Figure 2 shows the muscle tone, stiffness, and PPT measurements for the two locations. According to the paired t-test, the TPs had significantly higher muscle tone and stiffness values compared with the control points (13.59 ± 1.37 Hz vs. 12.43 ± 1.21 Hz, t = 6.55, p < 0.001; 215.98 ± 40.25 N/m vs. 172.43 ± 30.18 N/m, t = 6.86, p < 0.001). The participants initially felt pain at a lower pressure at the TP compared with the control point (28.1 ± 9.15 N vs. 36.6 ± 11.04 N, t = −6.21, p < 0.001), indicating the hypersensitivity of the TP.

[image: Figure 2]

FIGURE 2
 Muscle property measurements for the TP and control point. Boxplots show the median and interquartile range. Both muscle tone and stiffness were significantly higher at the TP compared with the control point (t = 6.55, p < 0.001, 95% CI: 0.8 to 1.51; t = 7.32, p < 0.001, 95% CI: 31.57 to 55.51). The pressure pain threshold was higher at the control point compared with the TP (t = −6.21, p < 0.001, 95% CI: −11.27 to −5.75). All p-values were acquired via pairwise t-tests. ** p < 0.01, ***p < 0.001.




3.3. Psychophysical responses to deep compression at the TP and control point

Figure 3 shows the subjective responses, i.e., VAS scores (0–10), to deep compression. As deep pressure was applied until the participants experienced moderate pain at each location, we expected to see similar pain levels between the TP and control point. There was no significant difference in pain between the TP and control point (5.01 ± 1.52 vs. 5.2 ± 2.01, t = −0.67, p = 0.51), which supported our hypothesis.

[image: Figure 3]

FIGURE 3
 Psychophysical responses to deep compression at the TP and control point. The participants provided subjective ratings after deep compression at the TP and control point. Pain was not significantly different between the TP and control point (p = 0.51). Subjective relief was higher at the TP compared with the control point (t = 2.01, p = 0.05, 95% CI: 0 to 1.1). Pleasantness ratings were higher for the TP compared with the control point, although the effect size was small and the difference was not statistically significant (d = 0.239, t = 1.65, p = 0.1, 95% CI: −0.08 to 0.78). Unpleasantness ratings were significantly lower for the TP compared with the control point (t = −2, p = 0.01, 95% CI: −1.41 to −0.2). Boxplots show the median and interquartile range. All p-values were acquired via paired t-tests. * p < 0.05.


Deep compression at the TP was rated as significantly less unpleasant than that at the control point (2.78 ± 2.29 vs. 3.58 ± 2.26, t = −2.68, p < 0.05). In terms of subjective pleasantness, the participants rated TP stimulation as more pleasant than that at the control point, although the effect size was small (d = 0.24) and the results were not statistically significant (1.95 ± 2.07 vs. 1.6 ± 1.83, t = 1.65, p = 0.1). Participants experienced significantly more relief with TP stimulation compared with that at the control point (3.65 ± 2.62 vs. 3.1 ± 2.4, t = 2.01, p < 0.05).



3.4. Deep compression preference: TP versus control point

Of the 48 participants, 32 (66.7%) preferred compression at the TP over the control point, and the chi-square goodness of fit test revealed a significant difference in preference rates between the TP and control point (χ2 = 6.15, p = 0.01).

The participants were also asked whether they could distinguish between the TP and control points. Thirty-eight of the forty-eight participants (79.2%) indicated that they could not distinguish between the two points. Eight participants (16.8%) successfully identified the TP and two (4.2%) mistook the TP for the control point.




4. Discussion

This study investigated the properties of a TP and control point in the left brachioradialis muscle of healthy subjects. Muscle tone and stiffness, measured via myotonometry, had higher values for the TP compared with the control point. The PPT was significantly lower for the TP versus the control point, indicating that pain sensitivity was higher at the TP. The participants reported that unpleasantness was lower, and relief was higher, for compression at the TP compared with the control point, even though the perceived pain was not significantly different between the two areas.

The aim of this study was to investigate how deep compression of the TP and control point affects subjective perceptions of pain and pleasantness. Our results showed that deep compression at the TP was associated with lower unpleasantness ratings and more relief compared with that at the control point, even when the amount of perceived pain was the same. Previous studies have investigated affective responses to deep compression. A review on touch and massage therapy suggested that deep pressure can arouse positive feelings, such as pleasure, as well as brain activity similar to that observed during C-tactile touch (Field, 2019). A recent neuroimaging study investigated the pleasant experience of deep pressure application using an oscillating compression sleeve (Case et al., 2021). Deep pressure elicited similar affective ratings and brain activation to those of C-tactile touch. Morikawa et al. studied autonomic neural changes and prefrontal hemodynamic activity during deep compression in TPs and non-TPs (Morikawa et al., 2017). Subjective pain ratings were significantly lower in the TP compression condition compared with the non-TP compression condition, and the low frequency component of heart rate variability was decreased, while the high frequency component was increased, during TP compression. Also, brain activity data showed a significant decrease in prefrontal hemodynamic activity during TP compression compared with non-TP compression. The present study is the first to compare emotional responses to deep compression between a TP and control point, in addition to pain responses. Our results suggest that pain can be pleasant in certain circumstances, such as during the compression of TPs. While we also asked the participants at baseline about their massage preference, there was a high variability between participants, with a standard deviation of 24.21. In addition, no significant correlation was observed between the preference and the differences between the two points. Therefore, it is assumed that a person’s preference for massage may not be the cause of the differences in subjective ratings between TP and control. That is, in terms of the emotional reactions to deep compression, the location of the deep compression was more significant than individual differences in massage preference.

The participants in this study experienced pressure at the TP as more desirable than that at the control point. Specifically, they rated TP pressure as less unpleasant, indicated that it provided more relief, and gave it a higher overall preference rating compared with the control point, although the pleasantness rating was not significantly higher for the TP. This inverse relationship of preference ratings with those for unpleasantness and pleasantness may be seen for other treatments, such as acupuncture. Acupuncture stimulation usually causes pain rather than pleasant feelings. Nevertheless, some people benefit from acupuncture treatment (Bishop and Lewith, 2013). Neuroimaging studies of acupuncture have shown that responses to pain are modulated differently when pain is induced in a therapeutic context (Lee et al., 2015). Based on these studies, we suggest that some interventions may be preferred, and even pleasurable, even when the stimulus itself is not pleasant. However, the deep pressure in this study was given outside of a therapeutic context (the trials were conducted in an experimental setting) and the perceived pleasantness was low (the mean pleasantness score was <2 on a 10-point scale for both areas). Thus, further studies should conduct trials in more relaxing settings, such as the context of a therapeutic massage. In the current study, 79.2% of participants could not distinguish between TP and CT points. One possible reason is that this might be attributed by the closeness of location between two points. A previous study reported the two-point discrimination values of healthy participants in the posterior forearm as 30.7 ± 8.2 mm (Nolan, 1982). Therefore, we assume that the participant may find it challenging to identify TP or CT points at a distance of 2 cm.

This study is a pilot study conducted to explore the difference of emotional responses during similar level of pain in two points of the same muscle. We used deep compression, one of many interventions, because it works similarly to massage on TP. It is assumed that brain regions like the orbitofrontal cortex (OFC), anterior cingulate cortex (ACC), and hypothalamic regions may associate with the emotional responses during painful but less unpleasant touch. However, neuroimaging studies are required to explore the mechanism of this phenomenon. The OFC is known for reward and emotions like pleasure and can receive somatosensory input from the primary and secondary somatosensory cortex (Rolls et al., 2020). According to an fMRI study comparing the neurophysiological activity during pleasant touch, painful touch, and neutral touch, pleasant and painful touch activated the OFC more than neutral touch did, and these activations were linked to less activation in the primary somatosensory cortex. Another study on human touch massage compared 4 types of touch, including direct hand-to-hand contact, touch with or without movement and force, and touch with or without gloves. It found that direct hand-to-hand contact with movement had the highest level of pleasantness and activated the pregenual ACC (Lindgren et al., 2012). Studies on the effects of pressure massage on healthy volunteers have suggested that vagal activity and cortisol are both modulated by the hypothalamus (Ouchi et al., 2006). These findings are also consistent with a recent study that examined the impact of a novel treatment known as Musculoskeletal Inter-Fiber Counterirritant Stimulation, which aims to activate pain control pathways by repeatedly inducing ischemic compression, on participants with TP, general joint hypermobility, or joint hypermobility syndrome. All participants experienced analgesia from the treatment, which also modulated their autonomic nervous system by increased vagal activity and decreased sympathetic tone (Carvalho et al., 2022). In the current study, participants reported feeling less unpleasant and more relief in TP compared to control during the painful deep pressure compression. It is assumed that the desire for such pleasurable pain would be influenced by the reward mechanism and emotional processing from the OFC and ACC regions. Future research will be required to examine the neurophysiological mechanism of deep pressure stimulation on the TP in light of these findings.

TPs, with these psychophysiological and clinical characteristics, also encompass a range of physiological features. A previous study implementing ultrasound technology to distinguish the features of TPs to adjacent muscles found that TPs appear as one or more hypoechoic focal nodules on these images associated with blood flow disturbance (Sikdar et al., 2009). Sarcomeres in the middle of the TP region have been found to be short and constricted in histological analyses of TPs in both animal and human studies (Simons and Stolov, 1976; Jin et al., 2020). The precise mechanism underlying the development of TP is not yet fully understood. Research has hypothesized that long-term stress on the muscle can lead to sensitized nerve endings and dysfunctional endplates, resulting in sensitized loci on the muscle, while muscle contraction may restrict blood flow, which may potentially cause hypoxia in the affected area (Hong and Simons, 1998; Jafri, 2014). A recent study added to this hypothesis that muscle fatigue caused by overload or repetitive movement in the muscle increases the release of acetylcholine which can cause muscles to contract, or a rise in intracellular calcium levels, which can trigger the nociceptive response (Gerwin, 2023). Additionally, it is believed that TPs are associated with both peripheral and central sensitization. Referred pain is caused by the nociceptive signal from the peripheral to the dorsal horn neurons which can further initiate central sensitization (Xu et al., 2010; Fernandez-de-las-Penas and Dommerholt, 2014). In the future, it will be important to investigate the underlying anatomical properties and psychological traits of the TP area.

In the current study, an experienced Korean Medicine doctor precisely identify the locations of the TPs. A recent review discussed the lack of objective methods for quantifying lesions of the myofascial unit (Langevin, 2021). Multidisciplinary studies have focused on developing technologies to diagnose and predict biomarkers of myofascial pain. For instance, Reeves et al. used a pressure algometer to measure the sensitivity of myofascial TP (Albin et al., 2020), while Hong et al. evaluated the PPTs of latent TPs (LTrPs) and normal muscle tissue (Hong, 1998). They found that pressure pain threshold in LTrPs was lower compared with normal muscle tissue, and suggested that LTrPs could be detected via algometry (Hong, 1998). Recent studies introduced myotonometry, which is a non-invasive method for measuring the muscle response to a short mechanical stimulus (Pruyn et al., 2016; Jimenez-Sanchez et al., 2018). Another study focused on TPs on the infraspinatus in individuals with non-traumatic chronic shoulder pain, and reported higher muscle tone and stiffness at TPs compared with non-TPs; there was high intra- and inter-evaluator reliability, and good-to-excellent test–retest reliability (Roch et al., 2020). The results of the present study, i.e., lower PPT and higher muscle tone and stiffness in TPs, are in line with previous findings, indicating that the TPs were accurately detected. The diagnosis criteria used in this study was derived from a prior study that found that eliciting tenderness and the presence of a taut band are the most reliable TP features to identify during manual palpation, and can be the minimal criteria for identification (Gerwin et al., 1997). In order to visualize the area and location of TPs, it will be interesting to show a heatmap of the muscle properties, pain, and emotional responses in the target muscle in the future.

There were some limitations to this study. Because of the experimental setting, the therapeutic effects of deep compression may not have been fully realized. Consequently, we suggest that further studies examine the emotional responses to deep compression of TPs in a clinical setting. Also, it should be noted that this study is a pilot study investigating the emotional responses of deep pressure in trigger point. As this crossover study was conducted in one day, there are possibilities of carry-over effect from a previous condition. We attempted to minimize these effects by randomizing the order of TP and control for participants, and setting an interval between deep pressure of the two points. We examined all subjective ratings (pain, unpleasantness, pleasantness, and relief) and tested for order effects. We found no statistically significant differences between group A (TP first) and group B (control point first). These findings make it certain that participants might not be affected by a previous condition. To further compare the variations in responses during deep pressure in TPs and control points, however, we would need additional research in parallel group studies. Furthermore, because the participants were all healthy subjects, we cannot make inferences regarding the potential responses of subjects with myofascial lesions. Additional studies including subjects with musculoskeletal disorders may be required to assess the subjective responses to deep compression of TPs. Although all of our participants were healthy subjects, we nevertheless detected the LTrPs of the brachioradialis muscle. TPs include active TPs (ATrPs), which are more clinically significant because they produce spontaneous pain, and LTrPs, which are subclinical and cause pain only on stimulation (Celik and Mutlu, 2013). Although they are comparatively minor, LTrPs may progress to ATrPs, and the prevalence of LTrPs in healthy subjects is high (Hong and Simons, 1998; Lucas et al., 2010). Therefore, studies on LTrPs are meaningful. Finally, we only obtained subjective ratings of responses to deep compression. Future studies should examine the neurophysiological mechanisms underlying the response to deep compression of TPs.

In order for the researcher to maintain a steady pressure, we only used the force sensor to monitor a reliable, consistent pressure. However, force sensor test may be inaccurate when they are not performed on flat, rigid surfaces at room temperature (Schofield et al., 2016). As the sensor was placed on top of the participant’s forearm, the conditions of measurement differed between subjects and also between the two points of the same subject. Thus, we reasoned that the values were reliable only within the same condition of the same participant and used the force sensor to monitor the pressure and time during deep compression. However, in order to obtain more accurate pressure reports, we measured the pain threshold using a digital force gage. The pressure readings from the deep pressure compression were excluded from our main findings for these reasons.

This pilot study’s original objective was to investigate the phenomenon of pleasant pain in an experimental setting, more specifically when deep compression in TP was being applied. We noticed a phenomenon where people occasionally seek pressure out voluntarily, even when it hurts, like during a massage. The study procedure aimed to investigate this phenomenon by applying deep compression into TP and control, and recording the sensory and emotional responses during each trial. The fact that this study is the first to test the pleasant pain phenomenon in TP and deep compression makes it noteworthy even though this paper has some limitations, which will be further discussed in the discussion. A potential for pleasant pain during deep compression in TP has been discovered in preliminary research.



5. Conclusion

This study investigated the properties of TPs and control points in the brachioradialis muscle. Deep compression of TPs was rated as less unpleasant and higher pain relief. Our results imply that even if two stimulated sites are located in the same muscle, the emotional experience of pain can differ by its differences from myofascial properties. These findings advance our understanding of hedonic responses to pain.
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