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Abstract

:

Measuring of the center of pressure (CoP) is one of the most frequently used quantitative methods for quantifying postural performance. The aim of the study is to describe differentiation criteria in the CoP-track for the clinical picture of chronic unspecific back pain. In this study, dynamic models loaded with multi-variable controls are used to determine whether biomechanical questions for upright posture can be answered. These models are particularly well suited for investigating the kinematics and the influence of the influencing disturbance variables. These investigations are extended by power density spectrum (PSD) analyses of CoP measurements on 590 subjects with and without chronic non-specific back pain. Pain patients show an average of 0.5 Nm2 more area under the spectrum than the pain-free reference group. In the power density spectrum different frequency ranges can be assigned to specific body oscillation. Among others, the frequency range between 0.5–0.8 Hz corresponds to the hip movement. In the range around 0.2 Hz, the movements are reflected in the upper body. Patients with back pain experience less activity in certain, individual areas.
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1. Introduction


Standing upright is a demanding motor task, which has been in the scientific focus for more than four decades [1,2,3]. Considering that the upright position is more dynamic than static, scientific attention is focused, among other things, on the acting degrees of freedom, the relevant biomechanical parameters and their physical description. Simplifying the interplay of the joint moments in a follow-up reaction as a function of the horizontal center of pressure (CoP) displacement is the common approach in the modelling of postural stability. The resulting model corresponds to a mathematical inverted pendulum, which is still considered as the scientific consensus today [4,5,6,7,8]. The natural frequency of the body when oscillating around the ankle axis is 0.2–0.3 Hz. What speaks against the pendulum model is that the amplitude of the oscillation and the occurring frequency are independent of size and weight [9,10]. Furthermore, it can be assumed that the movements of the head are about the same as those of the hip. There are indications that a reduction of the biomechanical modelling of the immobile stance on the ankle joint is not sufficient enough to fully describe the movement sequence [11,12]. Studies have shown that not only does the ankle joint form a degree of freedom when standing still, but also the knee and hip joints fluctuate depending on the plane of observation (frontal or sagittal plane) [13,14,15]. Furthermore, it could be shown that the hip joint and ankle joint strategy primarily contributes to a calm stance [16,17]. The knee joint especially seems to play an important role in postural counter-reactions [18]. Based on this thesis, a two-pendulum model was proposed [3] (see Figure 1). In fact, under certain pathological conditions, the mechanics of the body fluctuations can be described remarkably well with this [19]. In recent years, various studies have shown that standing upright is a multiple joint process. When this is integrated into a better model concept, a multiple joint process occurs [14,15,20,21,22]. For this purpose, double and triple inverted pendulum models are assumed (see Figure 1). In this, a mechanical system that is inherently unstable (multiple inverted pendulum) is represented as a self-stabilizing system with a very high degree of stiffness in the joints [23,24,25]. However, it is very unlikely that the human muscle apparatus behaves in the same way [15,26,27]. This means that to be able to resist gravity in an upright position, it is necessary to actively influence all mechanical degrees of freedom of the joints. By comparing the spectra of the multi-joint models (Figure 1) with the human spectra, characteristic frequency patterns can be identified. The various models reliably reflect real human balance behavior only within certain limits. However, models based on the multiple joint approach in particular can be used to investigate and explain various phenomena.



Various parameters can be determined from the CoP, such as the distance as the sum of the CoP distance over time [29,30], the speed of the pressure center point [31] and the area enclosed by it. More rarely, the sagittal and lateral center of gravity movements [32] are examined. An effective means of analyzing and displaying these is the frequency analysis or power spectral density (PSD) [33].



The resulting frequency spectra can be altered by changes in the frequency ranges that occur in various cases as ascribed [34]. Thus, a correlation between vestibular disorders and spectral changes in the range of 0.2 Hz, as well as the occurrence of proprioceptive induced fluctuations in the frequency band of 0.5 up to 1.0 Hz, are proven [35]. In various experiments by Kohe-Raz [36], vestibular dysfunction could also be shown. For this purpose, they investigated the spectrum between 0 and 3 Hz, which is divided into eight frequency ranges. The method can localize vestibular disorders in the low frequency range.



In the higher frequency ranges, proprioceptive or central disorders are localized [34,36]. An increased occurrence of frequencies below 0.1 Hz indicates a change in visual labyrinthine control. In contrast, an above-average occurrence of frequencies in the band from 0.2 to 1 Hz leads to problems of somatosensory control circuits cerebellar damage or mobilization of the stretch reflex [34]. Nashner et al., were able to show an increase in movements with frequencies in the range of 0.1 to 0.3 Hz through loss of visual and somatosensory stimuli [33].



It is therefore assumed that individual main frequency ranges can be assigned to specific interference causes [37,38]. However, the results of this approach have not yet been sufficiently evaluated [39].



To further investigate this approach, this study will use a dynamic, controlled model of the upright human stand to perform a spectral analysis to identify and further specify significant peaks in the relevant spectrum. The results of this investigation are to be verified in a test person study.




2. Materials and Methods


2.1. Structure of the Triple Inverted Pendulum


For a better description of the frequencies acting in the frequency spectrum, the well-known approach of the triple inverted pendulum (TIP, see Figure 1) with a control of the individual joints is developed. The model is developed with the model language Modelica in the Dymola environment. The Modelica standard libraries “Mechanics/Multibody” and “Modelica_LinearSystems2” are used. For the parameterization, a human being with a size of 180 cm and a mass of 75 kg is assumed. The weight distribution on the individual elements was calculated based on the percentage weight distribution in the body according to Saziorski et al. [40]. For mechanical stabilization and approximation of the muscular physiology, spring-damper systems act on the joints. The design of the damping systems in the joints and muscles was adapted from the publication by Günter et al. [28]. The essential change, compared to the models of Günther et al., is the extension of the inverted pendulum by a control structure that actively influences the joint movement. This also offers the possibility to let the gravity vector run in the normal direction. The model can stand upright against gravity. The positioning forces of the muscles are simulated by moments acting on the joints. The starting position of the joints is selected so that the force vector of the center of mass CoM passes through the hip joint behind the knee and in front of the ankle joint [41]. This results in an angle of 150° between the lower and upper thigh. Furthermore, the upper body is inclined by 3° in x direction. Thus, the plumb line in the model of the CoM runs as theoretically described for humans.



The model (see Figure 2) is controlled by a multi-variable controller with 4 input variables and 3 output variables. The input variables are the joint angles measured in the model, which are physiologically equivalent to golgi receptors. In addition, the visual influence on the control is realized by means of a distance measurement to a fixed point in space. The aim of this regulator is that the hip flexion should provide an upright and calm position of the head. For this purpose, a master controller is designed for the control of the hip angle based on the distance measurement, which calculates a setpoint for the hip angle control. The knee and ankle joint controls are designed as simple angle controls. The outputs of the 3 controllers are each connected to the other controllers as disturbance variables. Furthermore, two disorders attack the upper body rod in x direction, oscillating as a disturbance of 7 N with 0.3 Hz which represents respiration and is expressed in z direction as a disturbance of 1 N with 1.3 Hz, which symbolizes the running pulse wave. For comparison and evaluation of the results the TIP model was simplified to the double inverted pendulum model (DIP). For this purpose, the knee joint was removed from the model and the regulation was adjusted accordingly. For the examination a power density spectrum derived from the acting moment in the ankle joint.




2.2. Studies on Test Persons


This study is part of a national study on low back pain. In this context, a number of studies were carried out with the participating probands. These include measurements with the Kistler plate. For this purpose, various stands were recorded in monopedal and bipedal stands. The following is an excerpt of this. These analyses are using 590 subjects that were examined, of which there were 155 men and 272 women without significant back pain and 77 men and 86 women with back pain with a Korff degree of pain [42] higher than 4. The anthropometric data of the volunteers are summarised in Table 1. A plausibility check of the data sets excluded 12 incomplete and 3 damaged or implausible data sets from the statistical analysis. For the study, the subjects stood on a Kistler plate in a bipedal position for 15 s. A Kistler plate type 9260AA was used for the examination. The data acquisition was done at 1 kHz. The control of the experimental setup was implemented using LabVIEW.



For the measurements with test persons, fixed position marks were placed on the Kistler plate for the test persons feet and the test person was instructed in the correct posture. All tests were done without shoes. In addition, the measuring station was provided with an optical marker at a distance of three meters, which the test person was to fix with his eyes during measurement conditions one to three. Instructions on the set-up and execution of the test were given by the test director. The standardized instruction on the test procedure with test subjects included a brief instruction on how to carry out the test and an explanation of the conditions under which the test was stopped (posture of the arms, changes in foot position, putting one leg down in the monopedal position or knee flexion in the monopedal position). A fixed sequence of the measurement program is specified by the software and is given step by step on the screen.




2.3. Data Analysis


The data evaluation is done with the software tool LabVIEW from National Instruments. The filtering is done with a 3rd order Butterworth filter and a cut-off frequency of 14 Hz.



The cut-off frequency for filtering was calculated using the method presented by Koltermann et al. 2019 [43]. During the evaluation, the first 3 s and the last 2 s of the measurement series were cut off. The first 3 s were removed to remove the filter influence. The last 2 s were removed to remove possible deflections at the end of the measurement.



For the statistical analysis of the data, the CoP track points over time in cm was calculated from the sensor raw data and then the power density spectra were calculated for each measurement run. To investigate differences between the measurement groups knee.flexion/knee.without.flexion was examined with a single factor ANOVA. To analyses the differences between the measurement groups man/woman and pain/no pain, was tested with a multifactorial ANOVA. To confirm possible effects, the power and eta2 were calculated. The statistical evaluation was carried out using R version 3.6.3.





3. Results


3.1. Frequency Analysis Model Versus Healthy Subjects


The tests with the TIP (see Figure 3) model show very clearly the effects of the connected Interference. The prominent peak at 0.3 Hz originates from the connected disturbance from the movement of the thorax in the respiratory process. The second prominent peak at 1.3 Hz results from the connected disturbance of the circulating pulse wave. The collection of frequencies from 0 to 0.2 Hz can be explained by a very slow drift in the hip joint. In the model, the hip joint and the position of the upper body were changed by 1.5° within 20 s.



In addition, a large number of smaller irregular peaks in the range around 4 Hz can be determined. Comparing the TIP model with the DIP model they cannot be identified, and the entire spectrum has a significantly stronger attenuation from 1.5 Hz. These higher power components are due to the movements of the knee joint, which oscillates minimally in conjunction with the spring-damper system. The difference between the areas under the spectrum is 12.845 Nm2. However, in the range 0–1.5 Hz the characteristics of the spectra are similar and the areas under the spectrum differ by 0.36 Nm2.



From this finding, the question arises whether this behavior can also be shown on the spectrum in test persons. During the test person measurement in the main study, it could be shown that some test persons could not fully push through the knee when standing on one leg, and thus could only stand with a slight knee flexion. To answer this question, the tracks of the test persons in whom this behavior was observed are compared with CoP tracks of comparable test persons without this observation.



Table 2 shows that the mean value of the area under the spectrum in the range of 4–8 Hz is increased in subjects with knee flexion and the group shows greater variability. The result of this investigation is shown in Figure 4 as an average spectrum. In picture part A “Test persons with knee flexion”, it can be seen clearly that in the range above 4 Hz increased peaks can be observed. In contrast, the spectrum of the group without knee flexion greater than 3 Hz shows only minor frequency components.



The relationship shown in Figure 4 was examined for its statistical significance. The results are shown in Table 3. From the results it can be shown that there is a statistically significant difference in the area under the spectrum in the range of 4–8 Hz for the two groups investigated. The subjects without knee flexion have a lower power level in this area of the spectrum.




3.2. Test Persons with Back Pain


To analyze the influence of back pain on the CoP track, the test persons are divided into two groups according to the Korff degrees that they have indicated. All test persons who are pain-free form the reference group and all those who gave a Korff value of 4 or higher form the pain group. From each CoP measurement a PSD was calculated. For statistical evaluation of the spectrum, the envelope of each spectrum was formed and the area under it was calculated. The results, separated by gender and degree of pain, are shown in Table 4. Pain patients show an average 0.5 Nm2 higher area under the spectrum than the pain-free reference group. Furthermore, it can be observed that the standard deviation and variance for the group of pain patients decreases.



Figure 5 shows one group spectrum of the power spectral density Analysis for each of the two categories. It is shown that the group of test persons without back pain has a higher performance turnover in the displayed spectrum than the pain patients.



For the statistical examination, the two groups established for the first examination are again divided into men and women and the area under the spectrum is calculated for each subject. The data collected for the groups woman/man with and without pain were compared by means of ANOVA. The result is shown in Table 4.



The ANOVA shows here the difference between the sexes with a p value of 0.4 at a very small power and a very small value for the effect power. For the difference between the degrees of pain the p value is 0.002 with a power of 0.87 and an effect strength of 0.018.





4. Discussion


4.1. Frequency Distribution in Healthy Volunteers


In the CoP spectrum, the neurological phenomena also reflect and classify physiological and mechanical processes. From the literature and investigations carried out in this study, different spectral line ranges in the spectrum are assigned to functional processes in connection with postural control.



From the study of the influence of knee movement (Table 2), subjects with a slight knee flexion (0.67 Nm2 ± 0.24) have an almost 4 times higher power conversion in the range between 4–8 Hz than subjects without knee flexion (0.16 Nm2 ±0.13). The further statistical examination of these results (Table 3) shows that this effect is statistically evident. The calculated effect etasq is 0.63 and has a power of 1. It can be assumed that the movement of the knee has an influence on the posturography measurement result. The calm upright position is a quasi-static state, which is characterized by spontaneous fluctuations of small amplitude. These fluctuations must be continuously balanced. The fluctuating movements are primarily balanced by the ankle joint strategy and proportionally by the hip joint strategy. By the shifting of mass and an effective lever arm from fulcrum to mass point, an applied momentum will result at the supporting surface, which again will be compensated. One of the main causes of relative mass shifts in the body are physiological processes such as respiration and blood circulation.



If biomechanical and motor compensation processes are effective, it can be assumed that these compensatory movements can be detected in the spectrum. According to Hodges et al. [44] (see Figure 6) the dominant frequency component in the range around 0.2 Hz is mainly due to movements in the upper body caused by the breathing process. In their investigations, they recorded the interaction between respiratory frequency and muscle activity of neck, hip, knee and ankle and compared it with the resulting CoP spectrum. This shows an influence of the respiratory frequency on the activity of the stabilizing muscles and that the respiratory frequency can be directly mapped on its corresponding spectral line in the spectrum of the CoP [44].



In an upright position, a vertical force vector of the weight force is generated by the stand, and an equivalent counter force is generated by the stand surface, ignoring external excitations. Both forces are constant and equal in a steady state [5]. If the body is aligned to be absolutely vertical along the longitudinal axis, the weight force and the counter force have the same line of action. As a result, the CoP and CoG (center of gravity) applied to the support area are the same. However, this postural situation is a special case. Instead, a slightly anteriorly displaced position prevails. Here, the force vector of the CoM passes through the hip joint, behind the knee and in front of the ankle joint [41]. This position offers the greatest possible number of degrees of freedom of movement [45]. By simplifying this postural state under the conditions of a postural substitute model based on an inverted pendulum, conclusions can be drawn about the next relevant peak at 0.5–0.8 Hz. Under the assumption that the locomotor system behaves under certain conditions as a simple inverted pendulum, the following equation applies.


  f =  1  2 π   ·    g l     











The test persons in the underlying spectrum have an average leg length of 0.85 m If this is inserted into the equation, the frequency is 0.54 Hz. This model can be used to map the pendulum movements of the hip in the spectrum from 0.5–0.8 Hz.



Another peak of the spectral lines is at about 1.5 Hz. For this, it can be concluded from the literature that it reflects the influence of cardioactivity. In 1980, Strüm and colleagues examined the measurability of the running pulse wave in the cardiological system for postural stability. Their results show that the running pulse wave has a measurable influence on the measurement result with a force plate that records the force effect in the Z-direction [46] (see Figure 7).



A further component in the description of the spectrum is the classification of the activity of the lower extremities. To maintain the alignment of the body, tonic innervation of M. Soleus and M. Gastrocnemius is performed in addition to the activation of the anti-gravity muscles along the body axis.



However, the body is not able to keep the muscle power constant over a longer period due to the way the muscles are activated. Even small changes in the force effect cause counterforces with corresponding desensitization moments. In the case where the knee is not stiff due to flexion, the ankle strategy and the hip strategy to maintain balance are used in this state. This thesis coincides with the results of the literature analysis. Here it could be shown that compared to test persons without knee flexion, a change in the spectrum can be observed with slight knee flexion (increased power conversion in the range of 4–8 Hz). All results are summarized in Figure 8 below.



For the measurements with test persons, fixed position marks for the test persons’ feet were placed on the test objects and the test person was instructed in the correct body posture. Instructions were given to the test supervisor on how to set up and conduct the test. The standardized instruction for the test procedure with test persons included a short briefing on how to carry out the test as well as an explanation of the termination conditions (posture of the arms, changes in the foot position, putting one leg down in the monpedal position, etc.). A fixed sequence of the measuring program is preset by the software and is presented step by step on the screen to the person performing the test. Since each standing position is only completed once and all are completed in short succession, it can be assumed that there are no learning effects. To prevent fatigue, the test persons are required to perform short movement units between the individual measurements and the sequence is structured so that monopedal measurements alternate with bipedal measurements. The measures taken make it possible to conclude that differences that arise when several different persons perform the measurements were not to be expected.




4.2. Test Persons with Low Back Pain


The results in Table 4 show a difference in the mean values of both genders for different degrees of pain. This difference was investigated using ANOVA. The results show that there is a difference between the pain levels. The determination of the effect size (Table 5) shows at partial.etasq = 0.018 and omegasq = 0.016. A key disadvantage of the partial eta square is that it always overestimates the resolved variance. The distortion becomes smaller the larger the sample size becomes. For small samples, omega-square should be preferred as a measure of variance elucidation [47]. With a value of 0.016 it can be assumed according to Ellis that a small effect is present [48]. Furthermore, if the power is 0.87, it can be assumed that the false null hypothesis was correctly rejected and that the effect actually exists.



The results show that test persons who give a Korff value (4 or higher) for back pain have a lower power conversion in the spectrum. This allows the conclusion that pain patients have lower vibration amplitudes and stand more rigidly. From the literature it is known that back pain often occurs in top athletes and people with poorly trained back muscles [49]. In scientific discourse, the connection between structural changes in the spinal column and back pain has not been clarified to date. In addition to functional diagnostics, imaging procedures such as magnetic resonance tomography are also used in diagnostics [50]. Another component in diagnostics is the measurement of postural control. Here it is true that back pain subjects have a reduced postural control [51]. Electromyography analyses of the trunk musculature revealed differences between people with back pain and healthy people [52,53]. Increased latencies or a reduced level of muscular activity on a disturbance stimulus were found here [52,54]. A further approach in diagnostics can be the consideration of the frequency spectrum of the posturographic measurement. The results showed that the spectrum of subjects with back pain differed from those without back pain (see Table 4). Comparing the spectrum of the back pain group with the spectrum of a double inverted pendulum according to [15], which was excited in the upper segment with 8000 N, a similar course is obtained (see Figure 7). The power conversion in the spectrum of the group of test persons compared to the model is negligible for the consideration, since the model represents an idealization of the measurement condition, as well as a strong simplification of the test person, and experiences a unique extrinsic excitation. However, the characteristic maxima between 0 and 0.6 Hz, and at 1.6 Hz, are also present in the model (see Figure 9).



The controlled models presented here also show comparable characteristics. Furthermore, the difference in the range of 0–1.5 Hz with 0.36 Nm2 is similar to the difference of the male groups of Korff 1 vs. Korff > 4 (0.49 Nm2). This suggests that myosclerosis in the back, which often occurs in chronic unspecific back pain, causes the body to behave more like a double inverted pendulum than a triple inverted pendulum from a biomechanical point of view.



This can be seen as a further indication that back pain subjects have a partial restriction in one degree of freedom. This also indicates that the regulation or neurological muscular control has an additional influence. It also explains the increased latencies from the EMG measurements, as shown as the biomechanical equivalent of the significantly higher degrees of stiffness in the joints in simulation models [23,24,25].





5. Conclusions


In the investigation it was shown that by using different controlled models of the inverted pendulum, questions for the upright position can be answered. These models are particularly suitable for investigating the kinematics and the influence of the acting disturbance variables.



The study includes the evaluation of test person measurements with and without chronic unspecific back pain. The aim of the study is the description of differentiation criteria in the CoP-track for the clinical picture of chronic unspecific back pain in healthy individuals.



For a better understanding of how different processes in the body during upright standing affect the spectrum, four areas in the spectrum have been assigned from the literature and from the investigations of this work. The dominant peak in the 0.2 Hz range can be attributed mainly to movements in the upper body caused by breathing. Furthermore, the pendulum movements of the hip can be mapped in a spectrum between 0.5–0.8 Hz.



Another peak of the spectral lines is at about 1.5 Hz. This reflects the influence of cardio activity. Movements in the knee become visible in the spectrum between 4–7 Hz.



From the investigations of a measurement data set of test persons with and without back pain, it could be shown that the areas in the power density spectrum for back pain test persons (Korff 4 or higher) are smaller than for test persons with a Korff coefficient of zero. This reduced performance turnover can be taken as an indication of a loss of mobility. Further studies should investigate the changes in the spectrum in different ranges between zero and 10 Hz. This can provide information about the biomechanical cause of the complaints. Based on further results in this field, frequency analysis can usefully extend the quality of the CoP.



Including the results from the literature and the presented study, it would be useful to consider the influences in future studies. Therefore, it would be useful to include only the frequencies below 3 Hz in investigations concerning the interaction of hull and hips. In this way the influence of knee movement shown here can be minimized. It is also recommended to select more than the 10 s used in this study for CoP measurements in order to achieve a higher frequency density.
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Figure 1. Representation of different models for approximating the upright position based on the inverted pendulum with mechanically inert joints to represent the physiological properties of the muscles. Left: Inverted Pendulum with one free joint; center: double inverted pendulum (DIP) with two free joints (ankle and hip); right: triple inverted pendulum (TIP) with three free joints (ankle, knee and hip) [15,28]. 
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Figure 2. Left: Structure of the TIP model with Modelica; right: animation of the model (green: force vector gravitational acceleration 9.81 m/s; yellow: direction of action of the disturbances. 
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Figure 3. Comparison of the spectrum of a controlled TIP- (red) and DIP-model (blue). 
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Figure 4. Comparison of center of pressure (CoP) measurements with and without knee flexion. Blue: power spectral density (PSD) spectrum of the test persons with knee flexion; red: PSD spectrum of the test persons without knee flexion. 
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Figure 5. Display of the spectra of the reference group (black) and the pain group. 
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Figure 6. Investigation of the influence of respiration on the activity of the neck, hip, knee and ankle and the resulting effect on the CoP (adapted by Hodges et al., 2002). 
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Figure 7. Effect of the positive wave (Car.) on the results of Electrocardiography and force plate measurements (adapted by Stürm et al., 1980). 
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Figure 8. CoP spectrum with assignment of different functional sections. Red: respiration; yellow: pendulum movement around the hip; blue: cardioactivity; green: activities of the lower extremities. 
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Figure 9. Logarithmic representation of the power density spectrum of the back pain group (Korff > 4) and a double inverted pendulum (DIP model shown in the range of 0–1.7 Hz) adapted from Günther et al. 2011 page 296 and 297 [15]. 
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Table 1. Anthropometric data of the volunteers, broken down by gender.
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	Total Group
	Male (52%)
	Female (48%)





	Age (J.)
	39.9 ± 17.5
	40.4 ± 16.6
	40.54 ± 17.66



	Weight (kg)
	75.8 ± 15.6
	83.9 ± 13.7
	66.13 ± 11.93



	Size (cm)
	171.5 ± 25.8
	180.9 ± 7.7
	160.30 ± 34.21



	Shoe size (EU)
	42.8 ± 2.7
	42.5 ± 5.5
	38.9 ± 1.5
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Table 2. Overview of the results of the assessment for knee flexion and without.
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	Condition
	Area Mean
	Area sd
	Area var





	Knee.flexion
	0.67
	0.24
	0.06



	Knee.without.flexion
	0.16
	0.13
	0.01
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Table 3. Result of the ANOVA of the observation groups one Leg stand with knee flexion and one leg stand without knee flexion.
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	Test Quantity (F)
	p Value
	Etasq
	Power





	condition
	34.825
	0
	0.635
	1
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Table 4. Overview of the results of the PSD analysis separated by gender and degree of pain.
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	Gender
	Degree of Pain
	Area.Mean (Nm2)
	Area.sd
	Area.var





	Male
	Korff 1
	3.98
	1.92
	3.69



	Male
	Korff > 4
	3.48
	1.66
	2.78



	Female
	Korff 1
	4.08
	2.12
	4.51



	Female
	Korff > 4
	3.41
	1.62
	2.63
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Table 5. Result of the ANOVA of the two observation groups Men/women with and without pain.
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	Test Quantity (F)
	p Value
	Etasq
	Partial.Etasq
	Partial.Omegasq
	Power





	Gender
	0.664
	0.416
	0.001
	0.001
	−0.001
	0.129



	Degre of Pain
	9.733
	0.002
	0.018
	0.018
	0.016
	0.877



	Gender: Degree of Pain
	0.193
	0.660
	0.000
	0.000
	−0.001
	0.072
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