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Project summary 
Pain-reducing effects of music listening are well-established, but the effects are small and their clinical relevance questionable. Recent theoretical advances, however, have proposed that synchronizing to music, such as clapping, tapping or dancing, has evolutionarily important social effects that are associated with activation of the endogenous opioid system (EOS; which supports both analgesia and social bonding). Thus, active sensorimotor synchronization to music could have stronger analgesic effects than simply listening to music. However, to the best of the investigators’ knowledge, the hypothesis of an EOS activation by sensorimotor synchronization to music has never been investigated. Accordingly, the investigators set up a test with the premise that if sensorimotor synchronization to music indeed activates the EOS, then it should have larger pain-reducing effects than simply listening to music. Using pressure algometry to the fingernails, specific amounts of pain were delivered to healthy adults either during music listening or silence, while either performing an active tapping task or a passive control task. As the dependent variable, perceived pain was rated on a scale ranging from 1 to 9 (1 = very little, 5 = medium, 9 =very strong). In addition, to pain ratings, participants provided ratings of their emotional state in terms of pleasantness as well as arousal, and then rated their familiarity with the music (also on scales ranging from 1 to 9). Emotion ratings were obtained to explore whether the mechanisms driving pain-reducing effects of sensorimotor synchronization to music include emotion. Each trial lasted about one minute (thus, the experiment had a duration of approximately 40 minutes).  At the end of the experiment, participants also rated their preference for the music on a scale ranging from 1 to 9 (1 = strongly disliked, 5 = medium, 9 = strongly liked). Familiarity and preference ratings were obtained to elucidate possible contributions of these factors on pain reduction. 

Rationale & background information
Pain-reducing effects of music listening are among the most widely studied and most replicable effects of music in clinical settings1,2. For example, a recent meta-analysis by Kuhlmann et al.2, with 7385 patients in 92 randomized controlled trials, reported that music listening interventions significantly reduce pain in surgical patients. However, across four different meta-analyses, the pain-reducing effects of music listening had only small to moderate effect sizes (and were inconsistent among the studies analyzed), which calls the clinical relevance of music for pain relief into question1-4. Notably, almost all of the studies included in the aforementioned meta-analyses used passive listening interventions, and to the best the investigators’ knowledge no study has compared pain-reducing effects between passive music listening and active engagement in music. The lack of research comparing pain-reducing effects between these two forms of music listening (i.e active vs. passive) is an important shortcoming because recent advances have proposed that active sensorimotor synchronization to music is associated with the activation of the endogenous opioid system (EOS), including the release of endorphins5,6. Notably, EOS activation supports both analgesia and social bonding6. Hence, recent evolutionary accounts have posited that the human capacity to synchronize movements to a musical pulse in a group (such as group singing, clapping, drumming, dancing) is an evolutionarily adaption because it stimulates social bonding5-9. However, to the best of the investigators’ knowledge, the hypothesis of an EOS activation by sensorimotor synchronization to music has never been investigated. 
 
Study goals and objectives 
The expected benefit of the study is that tapping to music, in addition to simply listening to music, may enhance pain-reducing effects both in a clinical context and in everyday life.

Study design
The study used a 2x2 within-subjects design. A naive random sample of 59 participants was included in the data analysis. Exclusion criteria were use of any prescription drugs, psychiatric or neurological disease, hearing impairment, and history of substance dependence (according to self-report). Participants should not consume alcohol nor any medicine for the treatment of pain at least 24 hours prior to the experiment. None of the participants had musical anhedonia according to the Barcelona Music Reward10. The duration of the experimental task was 40 min and the duration of the whole experiment approximately one hour. Data collection took place from 28.09.2020 to 30.10.2020.

Methodology 

A graphic outline of the study design and procedures is provided in figure 1.

Stimuli. Music stimuli were presented with an average sound pressure of approximately 60 dB SPL over Beyerdynamic DT 770-PRO 250 Ohm headphones. 10 instrumental music experts were selected, each 30 seconds long. Each excerpt was played twice during the experimental task, once during the active task and once during the passive task. Stimuli were delivered using the Matlab-based toolbox Cogent 2000 (version 1.33). 

Pressure Algometry. Pain was applied by the experimenter using a Wagner Force One Pressure Algometer (Wagner Instruments, Greenwich, USA). The equipment head (used to apply the pressure) had a diameter of 12mm and a surface area of 113mm2. Pain stimuli were delivered to index, middle and ring fingers of both hands. For each participant, pain thresholds were determined separately for each of the six fingers used for pain delivery, prior to the actual experiment. The average value of these pain thresholds was then computed, and for the actual experiment, only 50% of the participant’s average pain threshold was delivered as pain stimulus in each of the 40 experimental trials (e.g., if a participant had an average pain threshold of 5 kg, then a pressure stimulus of 2.5 kg was applied in the actual experiment). During the entire experiment, the applied pressure was measured with a 10 Hz sampling rate using MESURgauge Plus by Mark-10 (version 2.0.5). 

Procedure. 40 experimental trials were delivered, 10 for each experimental trial type (Music Active, Music Passive, Silence Active, Silence Passive). The experimenter was blinded during the entire experimental procedure. Each trial started with an instruction screen where participants were either instructed to tap their right foot like a metronome (active tapping task) or to relax (passive control task). Then, participants pressed the space bar and either music started to play, or a silent period started, and participants either had to tap or relax (depending on the trial type), while looking at a fixation cross in the middle of the screen. After 20 seconds the experimenter applied pressure with the Algometer to a fingernail for 10 seconds. Then (after the pain application had stopped), participants indicated the pain they felt at the end of the pain application on a 9-point scale (1 = very little, 5 = medium, 9 = very strong), followed by a pleasantness rating (1 = very uncomfortable, 5 = medium, 9 = very comfortable) and an arousal rating (1 = very calm, 5 = medium, 9 = very activated). In music trials, participants also rated to which extent they were familiar with the music (1 = not at all, 5 = partially known, 9 = well known). Participants were aware that the experimenter could not see their ratings (so that they would not feel influenced in any way). Each trial lasted about one minute (thus, the experiment had a duration of approximately 40 minutes). After completing all 40 experimental trials, participants listened to the 10 music excerpts again and indicated their preference for each excerpt on a 9-point scale (1 = strongly disliked, 5 = medium, 9 = strongly liked). 

 


Figure 1
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Pain stimuli were delivered to index, middle and ring fingers of both hands. For each participant, pain thresholds were determined separately for each of the six fingers used for pain delivery, prior to the experimental task. 



The experiment used a 2x2 design with the within-subject factors Condition (music, silence) and Task (active, passive), resulting in four experimental trial types: (a) Music Active (music with tapping); (b) Music Passive (music without tapping); (c) Silence Active (silence with tapping); and (d) Silence Passive (silence without tapping). Conditions were tested within subjects and the order of the conditions was counterbalanced. Specific pain levels were applied on the participants’ fingernails in each of 40 experimental trials using pressure algometry. At the end of each trial (after the presentation of a music excerpt or after a silent period), participants rated (1) their perceived pain, (2) their emotional state with regard to felt pleasantness and (3) felt arousal, as well as (4) their familiarity with the music excerpt (only during trials with music). All ratings were provided on a scale ranging from 1 to 9. The duration of the experimental task was approximately 40 minutes. 



After the 40 experimental trials, participants provided preference ratings for each musical excerpt (also using a scale ranging from 1 to 9).  







The duration of the whole experiment was approximately 60 minutes. 
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Safety considerations 
The safety of the participants was ensured throughout the experiment. The experimenter was present the entire time. Although participants felt pain during the experiment, the pain was not expected to be severe or long lasting. Participants could feel a slight pressure pain on the finger after pressing, but it was not expected to be prolonged. Participants could opt out of the experiment at any time. 

Follow-up 
No follow-up is foreseen for the research participants.
 
Data management and statistical analysis
The study was a quantitative experimental study. A naive random sample of 59 participants was included in the data analysis. The sample was a random sample. An a-priori sample size estimation using G*Power (version 3.1.9.6) indicated that for the detection of a small to medium effect size (d = 0.4) a sample of n = 59 is required with an α-level of 0.05 and a statistical power of 90% (one-tailed). The experiment was conducted on a Windows 10 Medion Laptop and the participants responded over the integrated keyboard on which the number keys 1 to 9 were marked in blue cause those keys and the space bar were used for the experimental task. Music stimuli were presented with an average sound pressure of approximately 60 dB SPL over Beyerdynamic DT 770-PRO 250 Ohm headphones. Pain was applied by the experimenter with a Wagner Force One Pressure Algometer (Wagner Instruments, Greenwich, USA). The equipment head (used to apply the pressure) had a diameter of 12mm and a surface area of 113mm2. Data was collected using the Matlab-based toolbox Cogent 2000 (version 1.33) and MESURgauge Plus by Mark-10 (version 2.0.5). Only the participant and the experimenter were present during the experimental procedure and the experimenter was blinded during the entire experimental procedure. Data collection took place from 28.09.2020 to 30.10.2020. Overall, a naive random sample of 62 participants took part in this study. Three participants were excluded from all analyses because of inadequate datasets due to technical difficulties. Thus, the sample for the main analysis consisted of 59 participants. We conducted LME analyses on single trial level, as this analysis allowed to reduce interindividual variance introduced by participants and music excerpts and decrease the risk for false positives11. For the second LME analysis two participants had a Cook’s Distance value above the cutoff (4/n, with n = 59) identifying them as influential data points for this model. Therefore, they were excluded only from the second LME analysis, which was thus conducted with a sample of 57 participants. No participants dropped out/declined participation. Conditions were tested within subjects and the order of the conditions was counterbalanced. Data analysis was computed using R (version 4.0.4). Data supporting the findings of this study and the R scripts used for the analyses, statistics and visualizations of this study will be provided by the senior author upon reasonable request.
 
Quality assurance 
/
 
Expected outcomes of the study 
A positive outcome of the present investigation may have wide-ranging implications for the use of music in clinical settings (as an adjunct treatment of pain)12, in music therapy (e.g. for chronic pain)13, and in everyday life (for the management of acute pain). Furthermore, it may shed new light on the mechanisms underlying pain reduction with music.  
 
 


Duration of the project 
Project start was at the 22.04.2019. The study and experimental procedure were carefully planned and approved by the Regional Committee for Medical and Health Research Ethics for Western Norway (Reference Number: 2019/1031) until the data collection started. Due to the Covid-19 pandemic, data collection could only start later than originally anticipated. Data collection took place from 28.09.2020 to 30.10.2020. Data analysis and writing the manuscript took place until the 23.10.202, where the manuscript was first submitted. 

Problems anticipated 
There were no difficulties anticipated.

Project management 
L.W conducted the experiment, analyzed the results and wrote the original draft. S.S conceived the experiment, analyzed the results and reviewed the original draft. L.B analyzed the results and reviewed the original draft. S.P contributed to the methodology and reviewed the original draft. S.K. conceived the experiment, provided resources and supervision and essentially reviewed and edited the original draft.
 
Ethics 
All participants provided written informed consent before enrollment and received a monetary compensation of 200 NOK following participation in the experiment. 
The study was carried out in accordance with the guidelines of the Declaration of Helsinki and approved by the Regional Committee for Medical and Health Research Ethics for Western Norway (Reference Number: 2019/1031).
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