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Abstract


Neck pain is a pathology with a high impact in terms of physical disability in modern society. The position of the head is related to neck pain. The Frankfort plane determines the position of the skull in space. The profile photograph of the subjects was used to determine the Frankfort plane and to study its degree of inclination. Myofascial pain syndrome is one of the most common causes of musculoskeletal pain. Trigger points are hyperirritable spots located in a palpable taut band of skeletal muscle that is painful on compression or stretch and causes a local twitch in response to snapping or palpation of the band. Objectives: The aim of this study was to analyze the relationship between the Frankfort plane and the presence of myofascial trigger points causing cervical myofascial pain. Methods: This is a cross-sectional descriptive observational study. All subjects underwent a photographic study to determine the degree of Frankfort plane inclination, and the posterior cervical musculature was palpated to find myofascial trigger points that were measured with a pressure algometer in three cervical locations on the right and left sides. Results: Our study included 47 subjects who had suffered at least one episode of cervical pain in their lifetimes. The mean age was 22.3 ± 2.9 years. Statistically significant results were found in the first right location and sports practice (p = 0.007), in the second right location and gender (p = 0.0097), in the second right location and sports practice (p = 0.0486), in the third right location and gender (p = 0.0098), and in the first, second, and third left locations and gender (p = 0.0083; p = 0.024; p = 0.0016, respectively). In the correlation between the Frankfort plane and the presence of myofascial trigger points, all locations were positive, with the first right location being statistically significant (p = 0.048). Conclusions: A positive relationship was found between the Frankfort plane and the presence of myofascial trigger points. The greater the angle of the Frankfort plane, the less the myofascial pain.
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1. Introduction


Neck pain is increasingly common in the current population. It is a highly disabling pathology that affects the subject not only at work, but also in the family environment. The annual worldwide incidence of neck pain ranges from 10.4% to 21.3% [1]. In Spain, the neck is the second most frequent site of pain, with a higher prevalence in females (25.68%) than in males (12.54%). The prevalence of neck pain increased from 2014 to 2019 in both males and females [2].



Neck pain might present with different symptoms, but the most common is usually classified as myofascial pain syndrome (MPS), one of the most common causes of musculoskeletal pain [3], representing 71% of medical consultation in primary healthcare [4]. MPS is defined as pain of muscular origin, characterized by the presence of myofascial trigger points (MTrPs), decreased ability of motion, sleep disorders, and a referred pain pattern. MTrPs are hyperirritable spots located in a palpable taut band of skeletal muscle that is painful on compression or stretch and causes a local twitch in response to snapping or palpation of the band [5,6].



To diagnose the presence of MTrPs, some criteria must be met: the presence of a palpable tight band in the muscle, the presence of a stiff and hyperirritable point within a tight band, reproduction of the patient’s symptomatology on palpation of the stiff point, referred pain pattern caused by compression of the point, and a local spasm response caused by stimulation of the point by compression or dry needling.



MTrPs can be active or latent depending on clinical characteristics. An active trigger point has an area of tenderness during rest or causes spontaneous pain on palpation. A latent trigger point may show hypersensitivity on palpation, but does not spontaneously cause pain [7,8,9].



The etiology of MPS is currently unknown, but it is known that the causes are related to biomechanical factors of overload, muscle overuse, or repetitive microtrauma in which the function of the motor plate is altered. Some of the currently known factors activating MTrPs are acute trauma, repeated microtrauma, lack of exercise (muscle weakness), muscle strains, poor posture, vitamin deficiency, sleep disorders, and worn joints [10,11]. Due to the characteristics of this study, special attention will be paid to postural alterations that lead to the formation of MTrPs in the back of the neck.



Posture is defined as the position that the body adopts in the space where it is located, governed by the physical law of equilibrium. A body is in equilibrium when the vertical line of the center of gravity falls in the center of the support base. This vertical line coincides with the midline of the body in the frontal plane. In the sagittal plane, the center of gravity is slightly in front of the fourth lumbar vertebra, and the line of gravity passes slightly in front of the tibiotalar joint, through the glenumeral joint, and through the ear lobe [12].



In recent years, there has been an increase in the prevalence of neck pain; one of the causes of this is the overuse of technology, such as too many hours hunched over a computer or a smartphone, which often triggers muscle strain, causes pain, and restricts motion [13]. In a study conducted on university students, it was observed that excessive use of computers or activities requiring concentration led students to adopt a forward head position, resulting in the development of neck pain [14]. The forward posture of the head, together with other postural alterations, is included in what is known as upper-crossed syndrome (UCS). The posterior cervical musculature has an antigravity function that keeps the head upright when standing or sitting. The activation of this musculature only appears during activities that alter the balance of the head, such as a forward head position. The imbalance produced leads to increased tension in the posterior neck muscles, thus producing pain [15,16].



The Frankfort horizontal plane was introduced in 1872 by Professor Von Ihering. It was finally accepted at the 13th General Congress of the German Anthropological Society in 1882 in the German city of Frankfort-on-Main. The Frankfort plane (FP) was developed to standardize a reference plane for the study of the skull by drawing a horizontal line connecting the anatomical porion (PoA), the highest point on the bony outline of the external auditory meatus, and the orbitale (Or), the lowest possible point on the bony right or left orbital rim [17].



Originally, the FP was developed to join two references located on the bone surface, but in different disciplines, references located on the skin surface are used, resulting in the plane that joins the highest point of the tragus on the ear (external auditory canal) to the lowest possible point of the orbital orifice on the skin [18]. One of the advantages offered by the FP is that by orienting the skull so that the FP coincides with the horizontal direction, the skull adopts a position similar to the one it had when it was alive and attached to the spine. In living subjects, the position of the head is not always aligned with the FP in the horizontal direction, as the tension of the neck muscles may vary its angle towards head flexion (negative FP) or head extension (positive FP), the natural position of the head being different for each person. The FP is also used in the study of posture, muscle chains, and global postural re-education (GPR) [19,20,21].



In the field of craniofacial measurements, two methods are used: cephalometry and photogrammetry. Cephalometry is a study carried out on the basis of craniofacial measurements obtained from tracings made on standardized lateral skull radiographs. Photogrammetry corresponds to the analysis of anthropometric distances on a lateral photograph. In facial photogrammetry, the standardization of the position of the head is fundamental. There are protocols that endorse the natural head position (NHP) as the initial state to take the photograph of the subject. The FP can be practically coincident in clinical radiographs and clinical photographs by applying a systematized protocol for photographic registration and for obtaining NHP [22,23,24,25].



Published studies on the use of the Frankfort plane to determine head position are exclusively in the fields of dentistry and anthropometry. In our study, the FP is used in a novel way in the field of physiotherapy, and its relationship to MTrPs causing neck pain is analyzed. The main objective of this work is to determine the relationship between head tilt, using FP measurement, and the presence of pain caused by the presence of MTrPs in the posterior neck musculature. The secondary purpose of this work is to bring the use of digital photography and cephalometry to the field of physiotherapy, since the advance of new technologies is facilitating research and evaluation in physiotherapy. The hypotheses of this study are that there is a relationship between the degree of head inclination measured by FP and the presence of neck pain caused by MTrPs, and that there are factors that influence this relationship, such as gender, the practice of sports, the use of electronic devices, and hours of study.




2. Materials and Methods


2.1. Study Design


This work is a cross-sectional descriptive observational study in which the Frankfort plane was analyzed photographically, and the presence of myofascial trigger points was analyzed by palpation and algometer measurement in the posterior cervical musculature.



In the first phase of the study, a literature search was conducted to analyze published articles on FP and MTrPs. In the second phase, the study and the intervention were designed and subsequently supervised by a methodology expert from the Scientific and Technical Research Area (ACTI) of the University of Murcia. In the third phase of the study, fourth-degree physiotherapy students were contacted, and the convenience sampling method was used. In the fourth phase of the study, the physiotherapist who performed the measurements was instructed, and the intervention was carried out over five days. Finally, a statistical analysis of the data obtained was performed. The subjects analyzed were unaware of the purpose of the study.



The study adhered to the Helsinki Declaration. It was approved by the Research Ethics Committee of the University of Murcia under code 3358/2021.




2.2. Participants


The study was conducted on a sample of fourth-degree physiotherapy students at the University of Murcia. The subjects who took part in the sample did so voluntarily after reading and signing the previous consent document before the start of the study. Out of the 78 students who took part in the course, 47 met the inclusion and exclusion criteria and agreed to participate in this study.



The inclusion criteria were that participants were university students in the fourth year of a physiotherapy degree, with an age range between 18 and 40 years, who had suffered cervical pain at least once in their lives, who spent several hours a day in front of a screen at work or for leisure, and who agreed to participate in the study by signing the consent document. The exclusion criteria disqualified anybody with a neurological disease, having suffered a recent injury or trauma in the cervical area, with scoliosis or any other relevant spine disease, or having any musculoskeletal pathology that could affect the results of the study or prevent the person from maintaining a stable posture.



Six subjects were not included because they had not suffered neck pain at least once in their lives. Two subjects were excluded for having scoliosis, and one for having suffered a recent trauma to the cervical area. Twenty-two subjects declined to continue in the study when they learned that they had to have a profile picture taken, which reduced the sample size considerably (Figure 1).




2.3. Intervention


To calculate the degrees of FP inclination of the participants, a photographic study of the profile of each subject was carried out, and then the degrees of inclination were calculated using the Adobe Photoshop CC 2019 program licensed by the University of Murcia.



Before taking the photograph, the participants were asked to remove things that could interfere with the measurements, such as earrings, eyeglasses, and masks. The lowest possible point of the right orbital orifice was then located by palpation and marked with a black Staedtler Lumocolor permanent marker. The camera was placed on a tripod equipped with a bubble level adjusted to the height of the subject’s head and focusing on the face 110 cm from the subject, who was placed in front of a mirror 200 cm away (Figure 2).



In order to obtain a reliable reference of the horizontal line, the virtual horizon electronic gyroscope incorporated in the camera was used. To take the photograph, the subjects were placed in profile at the indicated location, and the protocol proposed by Solow and Tallgren was used to achieve the natural head position (NHP). To achieve the NHP before taking the photograph, the standing subject was asked to take a few steps without moving off the examination site to promote relaxation. Subsequently, the subject was asked to perform full flexion and extension movements of the cervical spine in a decreasing manner until the head was in a self-balancing position. The subject was then asked to look at their reflection in the mirror and finally to swallow saliva. Two seconds later, the photograph was taken [23].



The camera used was a Nikon D610 full-format FX camera in manual mode, ISO 100, aperture f11, shutter speed 1/125 s, with a 105 mm lens and built-in flash.



After taking the photos, a line was drawn using Adobe Photoshop between the two reference points to determine the FP in the digital image of each of the subjects. The Photoshop ruler tool was used to obtain the degree of inclination of the FP (Figure 3). In the study by Devi et al., to determine the reliability of the true horizontal plane (THP) with the Frankfort horizontal plane (FHP), the measurements obtained were subjected to statistical analysis by an independent t-Test (p < 0.05). The statistical results of the parameters showed insignificant differences, indicating that the FHP is as reliable as the THP [26].



To determine if any pain was experienced, the presence of taut bands and MTrPs in the posterior cervical musculature were analyzed by flat palpation of the right and left posterior neck musculature in three locations. First, the muscular insertion of the semispinalis cervicis or semispinalis colli at the base of the skull was palpated, then the middle zone was palpated, and finally, the lower muscular zone of the semispinalis cervicis was palpated.



In areas where tension bands and MTrPs were detected, they were measured using a pressure algometer until the pressure pain threshold (PPT) was reached. The PPT is defined as the point at which a non-painful pressure stimulus becomes a painful pressure sensation. In the study by Chesterton et al., it was determined that the reliability for measuring PPT was not significantly different between the values. The intraclass correlation (ICC) was 0.91, with a confidence interval (CI) of 95% CI 0.82, 0.97 [27]. In the study by Kinser et al., the validity of the pressure algometer compared to a force platform was found to be excellent, with mean Pearson’s correlations (r = 0.990) for maximal force and (r = 0.999) for increased forces [28]. The algometer used was a Wagner Force Dial® Fdk 20 (Wagner instrument, Greenwich, CT, USA) that measures from 0 to 10 kg. Once the MTrPs are located, the tip of the algometer is placed perpendicular to the muscle, and the pressure is increased at a rate of 1 kg/second until the subject experiences pain and alerts the evaluator [29,30,31] (Figure 4).




2.4. Data Collection


All researchers involved in data collection were trained in and practiced standardized data collection and measurement procedures.



Sociodemographic data (gender and age) were initially collected. Participants filled in a form and were asked for the approximate time spent using electronic devices per day, the approximate number of hours of study per day, if they played sport at least three times a week, if they had suffered from neck pain in the past year, and if they had suffered from neck pain in the last fifteen days.



Profile photographs were taken to determine the degree of FP using Adobe Photoshop.



To measure the PPT, the MTrPs were scanned with an analog algometer at locations 1, 2, and 3 on the right and left sides in the posterior neck musculature.




2.5. Statistical Analysis


For data management, a coding process was carried out for statistical analysis. A database was created in which the values of the measurements and the different sociodemographic variables were entered.



The IBM SPSS v.24 (Statistical Package for the Social Sciences, IBM Corp, Armonk, NY, USA) statistical program was used to create the database.



Data analysis was performed by the Statistical Support Section (SAE) of the Scientific and Technical Research Area (ACTI) of the University of Murcia using R v4.0.3 (R Core Team 2020).



The study consisted of a descriptive analysis of the sample, a cross-analysis between two variables (FP and PPT), together with the different sociodemographic variables and the questions of the survey. Finally, a correlation between FP and PPT was determined. A Shapiro–Wilk test and a Barlett test were performed to check for normality and homoscedasticity of the variables. An alpha value of 0.05 was set across all the analyses performed.





3. Results


The final sample consisted of 47 participants, ranging in age from 21 to 38 years old. Table 1 summarizes the baseline demographic data of the 47 subjects included, along with the results.



In the descriptive analysis of FP, a positive value indicates that the head is in extension, while a negative FP value indicates that the head is in flexion. The minimum value obtained was −5° and the maximum value was 14.4°, with a mean of 6.05 ± 4.6°. Most of the subjects in the sample had an FP in extension. The FP in women achieved a mean of 5.40 ± 4.13°, while in men it was 6.54 ± 4.94°.



The PPT was measured in kg/cm2 at locations 1, 2, and 3 on the right side and on the left side. The first right location had a mean of 2.69 ± 1.71 kg/cm2. The second right location had a mean of 2.47 ± 1.48 kg/cm2. The third right location had a mean of 3.07 ± 1.96 kg/cm2. The first left location had a mean of 2.06 ± 0.91 kg/cm2. The second left location had a mean of 2.34 ± 1.4 kg/cm2. The third left location had a mean of 2.51 ± 1.38 kg/cm2.



Table 2 shows the results of the cross-analysis of FP, PPT, and the different study variables. When there was normality and homoscedasticity, an independent t-Test was performed. If there was no normality but homoscedasticity, a Mann–Whitney U Test (nonparametric test) was performed. If there was neither normality nor homoscedasticity, a t-Test with Welch’s correction was performed.



Statistically significant results were found in the first right location and the practice of sports at least three times a week (p = 0.007); the subjects practicing sports had a higher PPT (less myofascial neck pain). It was found that there were significant differences between the second right location and gender (p = 0.0097), with males presenting a higher PPT (less pain) than females. In the second right location and the practice of sports at least three times a week, significant differences were found (p = 0.0486); again, the study subjects who practiced sports had a greater PPT (less pain). In the third right location and gender (p = 0.0098), males had a higher PPT than females (less pain). In the first, second, and third left locations (p = 0.0083; p = 0.024; p = 0.0016), males had a higher PPT than females (less pain).



Figure 5 shows the Spearman correlation coefficients for the associations of the Frankfort plane and pressure pain threshold at locations 1, 2, and 3 with continuous results. All correlations were positive. FP was directly associated with right location 1 PPT (r = 0.29, p = 0.048). PF was positively associated with PPT at location 2 right (r = 0.25, p = 0.084). FP was associated with PPT at location 3 right (r = 0.21, p = 0.148). FP was associated with PPT at location 1 left (r = 0.25, p = 0.094). FP was associated with PPT at left location 2 (r = 0.28, p = 0.055). FP was associated with PPT at location 3 left (r = 0.22, p = 0.137).




4. Discussion


Cephalometric studies are widely used in other branches of health care, such as dentistry and maxillofacial surgery, in addition to the evaluation of facial growth and development. In the field of physiotherapy, there are very few articles describing the relationship between cranial references, such as FP, and the presence of posture-related dysfunctions or pathologies.



Some studies relate postural alterations to myofascial pain syndrome, characterized by the presence of MTrPs [10,11]. Cervical pain is a very frequent pathology, and the common form of presentation is classified as myofascial pain syndrome [3,4]. The study by Jiménez-Trujillo [2] showed a higher prevalence of cervical pain in women than in men. The same is shown in the study by Capó-Juan [3], in which women had a higher prevalence of neck pain than men in the sample. Our study coincides with these two authors, since there were statistically significant differences when measuring the PPTs between men and women, with significantly greater cervical pain in women than in men.



In our study, the relationship between the practice of sports at least three times a week and the presence of cervical pain caused by MTrPs has been proved. There were significant differences between subjects who practiced sports and those who did not. This was described in the study carried out by Díaz [7], in which it was indicated that the lack of physical activity, together with a sedentary lifestyle, can produce a chronic muscular imbalance in which the postural muscles are tense and the dynamic muscles are inhibited. This situation is a predisposing factor to suffering cervical myofascial pain. Yap EC [32] stated that a sedentary lifestyle can produce an imbalance in which the static muscles that maintain posture become increasingly stiff and tense.



Another risk factor for the development of myofascial neck pain is the increasing use of electronic devices, such as computers and telephones. In the study by Kang et al. [13], a group of workers who spent more than six hours on a computer were found to be more prone to neck pain, with the head anteriorized and the cervical spine in hyperextension. This does not coincide with the results obtained in our study, since there were no significant differences in the relationship between pain and the time spent using electronic devices.



In a study conducted by Pacheco et al. [14], the sample was composed of university students whose PPTs were measured to relate them to the forward position of the head. This study suggested that there is no relationship between forward head position and its association with the PPT in asymptomatic college students, whereas in students with subclinical neck pain, increased forward head position was associated with right trapezius hypoalgesia and shorter duration of neck pain. These findings are inconsistent with current hypotheses on the association between neck pain and forward head position. In our study, we also did not obtain significant results when relating time spent studying and using electronic devices with neck pain.



In the Rubine-Gatina study [33], it was observed that the sternocleidomastoid muscle, whose action is neck flexion in addition to supporting the head, can cause head and neck pain due to the prolonged use of computers while teleworking. The study determined that the minimum tension of the sternocleidomastoid muscle occurs when the head is placed in flexion at angles between −30° and −60°. In our study, the posterior neck musculature whose function is neck extension was assessed, and it was determined that the greater the neck extension, the less pain is observed.



According to Travell and Simons [16], this misalignment of head balance over time results in increased tension in the cervical muscles and supporting structures, causing a propensity for cervical injury and pain. Slight flexion of the head and neck increases the tightness of the taut bands and the pressure sensitivity of the MTrPs of the posterior cervical muscles. The semispinalis cervicis muscle has the main action of head extension, also working in the antigravity control of the head when the subject leans forward. Postural stress, such as reading or working at a desk seated with the head in a forward position or with the neck in maintained flexion, commonly activates and perpetuates posterior cervical MTrPs. This is reflected in our study, as the subjects who had the head in flexion position with a lesser degree of FP presented greater pain on pressure (PPT).



Our study has several limitations, such as the small sample size, the fact that it was conducted with a sample of university students aged between 21 and 38 years, and the fact that it has an observational design, which limit the strength and external validity of our results. There is a need for further research studies that include a larger number of subjects and compare the relationship between forward head position, FP, and posterior neck pain produced by MTrPs.




5. Conclusions


The results derived from our study highlight that a positive relationship has been observed between the Frankfort plane and the presence of myofascial trigger points. The main conclusions were that the greater the Frankfort plane angle, the lesser the myofascial pain, and the lesser the Frankfort plane angle, the greater the myofascial pain.



Females have a lower pressure pain threshold than males, and therefore have more predisposition to suffer cervical pain of myofascial origin.



Subjects who practice sports at least three times a week have a higher pressure pain threshold and therefore suffer less neck pain.



Excessive use of electronic devices and study hours were not related to a greater presence of neck pain.



The results of this study can be used in clinical practice in the evaluation and treatment of patients with neck pain because there is a positive relationship between the Frankfort plane and the presence of myofascial trigger points in the posterior cervical musculature. In addition, regular physical exercise may be indicated to reduce neck pain caused by myofascial trigger points.



In the future, it would be interesting to confirm through clinical trials whether changes in the Frankfort plane inclination occur after the application of physiotherapy treatment in patients with neck pain.
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Figure 1. Flowchart of the study. 
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Figure 2. (a,b) Photographic study of the Frankfort plane. 
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Figure 3. Frankfort plane in degrees using Adobe Photoshop. 
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Figure 4. (a) MTrPs locations [16]. (b) Measurement with analog algometer. 
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Figure 5. Spearman correlation coefficients for Frankfort plane and pressure pain threshold associations with continuous results. Interpretation of the correlation matrix: Each row-column pair represents a correlation of the two variables; all correlations were positive and are shown in blue. The color intensity is proportional to the correlation coefficients: 0 = no correlation, −1 = perfect inverse correlation, and 1 = perfect direct correlation. 
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Table 1. Population, characteristics, and outcomes.






Table 1. Population, characteristics, and outcomes.









	Variable
	Value (N = 47)





	Age (years)
	22.3 ± 2.9



	Females (n, %)
	20 (42.5%)



	Males (n, %)
	27 (57.5%)



	Time using electronic devices
	



	Less than three hours
	2 (4.3%)



	Three to six hours
	33 (70.2%)



	More than six hours
	12 (25.5%)



	Number of hours of study per day
	



	No time
	3 (6.4%)



	One hour
	12 (25.5%)



	Two hours
	22 (46.8%)



	Three hours
	5 (10.6%)



	Four hours
	4 (8.5%)



	Six hours
	1 (2.1%)



	Sport at least three times a week
	



	Yes
	38 (80.9%)



	No
	9 (19.1%)



	Have you had neck pain in the last year?
	



	Yes
	36 (76.6%)



	No
	11 (23.4%)



	Have you had neck pain in the last fifteen days?
	



	Yes
	27 (57.4%)



	No
	20 (42.6%)










 





Table 2. Associations between FP, PPT, and the different variables of the study.
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	Associations
	Test Value
	p-Value





	FP/Gender
	Independent t-Test = 0.858
	0.395



	FP/Time electronic devices
	Independent t-Test = 0.413
	0.685



	FP/Hours of study
	Independent t-Test = −1.135
	0.268



	FP/Sport
	Independent t-Test = 0.441
	0.666



	FP/Neck pain in the last year
	Independent t-Test = 0.091
	0.091



	FP/Neck pain last 15 days
	Independent t-Test = −1.044
	0.302



	PPT 1R/Gender
	Mann-Whitney U Test = 356
	0.065



	PPT 1R/Time e. Devices
	Welch’s t-Test = −1.454
	0.168



	PPT 1R/Hours of study
	Mann-Whitney U Test = 180
	0.174



	PPT 1R/Sport
	Welch’s t-Test = 2.798
	0.007



	PPT 1R/pain last year
	Mann-Whitney U Test = 252
	0.178



	PPT 1R/Pain last 15 days
	Mann-Whitney U Test = 271
	0.991



	PPT 2R/Gender
	Mann-Whitney U Test = 390.5
	0.0097



	PPT 2R/Time e. Devices
	Welch’s t-Test = −1.019
	0.325



	PPT 2R/Hours of study
	Welch’s t-Test = −1.510
	0.138



	PPT 2R/Sport
	Welch’s t-Test = −2.029
	0.0486



	PPT 2R/pain last year
	Welch’s t-Test = −1.157
	0.254



	PPT 2R/Pain last 15 days
	Mann-Whitney U Test = 311
	0.383



	PPT 3R/Gender
	Mann-Whitney U Test = 390
	0.0098



	PPT 3R/Time e. Devices
	Mann-Whitney U Test = 212
	0.971



	PPT 3R/Hours of study
	Mann-Whitney U Test = 200.5
	0.099



	PPT 3R/Sport
	Mann-Whitney U Test = 145
	0.489



	PPT 3R/pain last year
	Mann-Whitney U Test = 266
	0.088



	PPT 3R/Pain last 15 days
	Mann-Whitney U Test = 336
	0.157



	PPT 1L/Gender
	Welch’s t-Test = 2.803
	0.0083



	PPT 1L/Time e. Devices
	Mann-Whitney U Test = 182.5
	0.508



	PPT 1L/Hours of study
	Welch’s t-Test = −1.108
	0.273



	PPT 1L/Sport
	Welch’s t-Test = −0.839
	0.407



	PPT 1L/pain last year
	Welch’s t-Test = 0.991
	0.343



	PPT 1L/Pain last 15 days
	Welch’s t-Test = 0.449
	0.656



	PPT 2L/Gender
	Mann-Whitney U Test = 375
	0.024



	PPT 2L/Time e. Devices
	Mann-Whitney U Test = 171
	0.346



	PPT 2L/Hours of study
	Mann-Whitney U Test = 237
	0.954



	PPT 2L/Sport
	Mann-Whitney U Test = 171
	0.346



	PPT 2L/pain last year
	Mann-Whitney U Test = 193.5
	0.561



	PPT 2L/Pain last 15 days
	Mann-Whitney U Test = 304.5
	0.463



	PPT 3L/Gender
	Mann-Whitney U Test = 417
	0.0016



	PPT 3L/Time e. Devices
	Mann-Whitney U Test = 194
	0.705



	PPT 3L/Hours of study
	Welch’s t-Test= −0.462
	0.648



	PPT 3L/Sport
	Welch’s t-Test= −1.309
	0.198



	PPT 3L/pain last year
	Welch’s t-Test= 1.228
	0.243



	PPT 3L/Pain last 15 days
	Mann-Whitney U Test = 305
	0.457







Abbreviations: FP, Frankfort plane; PPT, pressure pain threshold; Locations 1, 2, and 3; R, right, L, left. The numbering in bold indicates that they are statistically significant.
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